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In July, 1998, the International Association for Vegetation 
Science (IAVS) convened its 41 st Symposium, ·'Vegetation 
Science in Retrospect and Perspective", in Uppsala, Swe
den. The occasion marked several important dates: the 
I OQth Anniversary of the Department of Ecological Botany, 
Uppsala University, the 7S1h Anniversary of the Swedish 
Phytogeographical Society, and what Sjogren, van der 
Maarel, and Pokarzhevskaya (1998) described as the 5Qth 

Anniversary of the resurrection of IAVS. 

In this volume, we present the proceedings of that sympo
sium. The 93 papers presented here encompass the diver
sity and breadth of vegetation science and illustrate the 
importance of this field in the modern world. With the 
increasing occupation of the earth's surface by human 
populations, as well as the growing human influence on the 
chemistry and climate of the world's ecosystems, vegeta
tion science has never been more important. Vegetation 
forms the physical structure and is the basis of energy flow 
for almost all ecosystems. It follows that, in addition to our 
curiosity about the nature of vegetation, our activities also 
contribute to a larger understanding of the trajectory of the 
earth's ecosystems and the human influence and place 
within a changing world. 

The Symposium presented 16 themes in four mainstreams. 
The first mainstream began with the history, methods, and 
theory of vegetation science, but also treated vegetation 
dynamics. Studies of vegetation dynamics span a huge 
range of temporal scales, from tens of thousands of years of 
soil development and climate change to the mechanisms of 
seedling establishment on tip-up mounds after wind distur-

bance. The last several decades have seen a tremendous 
increase in our understanding of these dynamics. We can 
now more easily understand that the species that make up a 
community have different requirements for establishment 
and different growth and survivorship characteristics. We 
also have begun to integrate local scale dynamics with the 
stability of larger scale community mosaics. 

The second mainstream, treated classification, survey, zo
nation, and anthropogenic vegetation. New tools like com
puter mapping, geo-positioning units, and remote sensing, 
along with the need to understand the effect of climate 
change on the world's ecosystems have created a renewed 
vigor in efforts to classify and map vegetation. Initiatives 
are underway in many different parts of the globe and 
several of these are reported here. We must understand the 
composition, structure, and environmental relations of veg
etation if we are to determine current human influence and 
predict future changes. Such information is also critical to 
the conservation, restoration, and management of vegeta
tion. We are fast losing the last wild areas with low human 
influence and it is essential that we understand these before 
they are gone. It is clear that in many vegetation types there 
is a long history of human use and influence. In some 
cases, traditional landuse practices combined with low 
human populations produced early successional vegetation 
that is, to some degree, now dependent on human influ
ence. 

The third mainstream was devoted to vegetation ecology 
and management, including studies of restoration, grazing, 
fragmentation, deforestation, and long-term succession, 
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particularly related to climate change. It is in these areas 
that we put our theoretical and academic studies to the test 
but the experimental frame that this forces upon us can also 
expand our basic understanding of vegetation itself. 

The fourth mainstream treated the interface between plant 
populations and plant communities, including species in
teractions and effects on community diversity. Of particu
lar importance is the understanding of ability of plant 
strategies and functional types to explain the general pat
terns of vegetation dynamics. The plant community and 
population ecology also reflects the width of approaches 
used when studying vegetation at this hierarchical level. 
Whereas the mechanisms of species diversity maintenance 
still puzzle ecologists, the approaches how to tackle the 
problem differ among researchers, from manipulative ex
periments to statistical analysis of spatial patterns. Also, 
the importance of the genetic structure of the populations 
for community dynamics is being recognized. Several stud
ies demonstrate the importance of understanding mecha
nisms on population and community levels for successful 
nature conservation and community management. 

We must acknowledge the hard work of the conveners, 
many of whom served as editors and reviewers of the 
papers: Mike P. Austin, Harmut Dierschke, and Eddy van 
der Maarel (History, methods, and theory of vegetation 
science); Jan P. Bakker and Hakan Rydin (Vegetation 
dynamics); Ola Engel mark, Sylvie Gauthier, and Eddy van 

der Maarel (Disturbance dynamics in boreal and temperate 
forest, long-term studies and general and short-term stud
ies); Martin Diekmann and Francesco Spada (Vegetation 
survey: Large-scale approaches and case studies); Dieter 
Mueller-Dombois and Erik Sjogren (Succession and zona
tion on mountains); Stefan Klotz, Francesco Spada, and 
Hein van Bohemen (Anthropogenic vegetation and the role 
of invasive species); Julie S. Denslow and Ingvar Backeus 
(Ecology and management of tropical vegetation); Peter 
Poschlod and Eddy van der Maarel (Ecology and manage
ment of grasslands); Jorg Pfadenhauer and Hakan Rydin 
(Ecology and management of wetlands); Wolfgang Cramer 
and P. Staffon Karlsson (Long-term succession, particu
larly related to climate change); Johan Ehrlen and Honor 
Prentice (Population ecology and biosystematics in a com
munity perspective); Deborah Goldberg and Brita Svensson 
(Species interactions and plant community structure); 
Sandra Dfaz, Sandra Lavorel, and P. Staffon Karlsson (Plant 
functional types and plant strategy types); and Robert K. 
Peet and Eddy van der Maarel (Plant species diversity and 
internal community dynamics). 

We thank Lena Lundgren and the staff at Opulus Press for 
handling manuscripts during the review process and the 
production of the volume. 

Lastly, we thank our hosts at Uppsala University for all the 
work they did to make the meeting enjoyable and efficient 
for the participants. 
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Abstract. In most investigations of biodiversity only a-diver
sity (the number of objects) is considered. ~-diversity (the 
dissimilarity between objects) is another important way of 
describing diversity. In this study beta-diversity is applied to 
spatial distributions of samples on a landscape scale. Follow
ing an iterative process on the basis of a regular initial distribu
tion of plots, the density of investigated plots was modified 
after each analysis of ~-diversity between neighbouring plots. 
This geographical analysis of ~-diversity was carried out in 
Pinus sylvestris forests of the 'Nordliche Frankenalb' (Ba
varia, Germany). Three regions with high values of ~-diver
sity were identified within this landscape. These 'hot spots' of 
~-diversity can be interpreted mainly as the result of small
scale geological heterogeneity. Nevertheless, sharp bounda
ries between different substrates were not reflected directly by 
narrow areas of heterogeneity. Such ecotones might be due to 
a lacking equilibrium of species composition close to discon
tinuous changes in substrate. 

Keywords: Biodiversity; Euclidean distance; Pinus sylvestris; 
Spatial heterogeneity. 

Introduction 

The expressions a-. P- and y-diversity were introduced 
and developed by Whittaker ( 1972, 1977) to characterize 
different qualities at different scales. Alpha- and gamma
diversity indicate a number of objects within a unit (ini
tially species diversity of a certain plot or area), whereas b
diversity describes the differences in the composition of 
objects between units (e.g. dissimilarity in species compo
sition between plots). Whittaker described the changes in 
species compositions along ecological or physiographic 
gradients and defined P-diversity as a rate of change. 
Another point of view is to do a comparison for a time 
series at a certain site ('species turnover', Wilson & Shmida 
1984 ). A third way of proceeding is followed here, the 
comparison of spatial entities, of certain areas according to 
their composition of objects (in this case species). Spatial 
applications for the analysis of P-diversity analyses, such 
as the one proposed here, are rare (e.g. van der Maarel 
1976). The opinions on this topic are not unanimous. Some 
authors link certain types of diversity with certain scales. 
van der Maarel (1997) adds 3- and ul-diversity for higher 
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scales. Herc, however, in extension of Whittakers defini
tion, a-, P- and y-diversity are regarded more generally as 
parameters for the variability of biotic objects within cer
tain spatial, temporal or functional units (a) and between 
them (P) (fig. I). y-diversity then is the variability within 
the complete data set. 

Compared to the mapping of homogenous vegetation 
types, the investigation of the variability between samples, 
the spatial heterogeneity reflected in patterns of dissimilar
ity is studied little in vegetation research. This was criti
cized by landscape ecologists (Turner & Gardner 1991 ). Of 
course it is more easy to cope with uniform objects than 
with heterogeneous ones. On the other hand we have to 
recognize that there is also a shortage in methodological 
background for the analysis of spatial heterogeneity 
(Rosenzweig 1995). There is not much known about spa
tial diversity within communities, ecosystems and land
scapes (May 1994; Folke et al. 1996). Zones with high P
diversity (spatial heterogeneity) can be regarded as ecoclincs 
(transition zones) or ecoclitos (sharp boundaries). The dif
ference between them is dependent on the grain size (reso
lution) of the sampling design and on the scale of investiga
tion. 

To characterize P-diversity different resemblance indi
ces (similarity measures, distance measures) have been 
developed (e.g. Euclidean Distance, Simple-Matching In
dex, Margalef Index). This study used such measures, 
especially Euclidean Distance, for the characterization of 
spatial heterogeneity and to identify patterns of increased 
values. This algorithm, being criticized as being influenced 
by gamma-diversity (e.g. Greig-Smith 1983; Faith et al. 
1987), offers the advantage for the analysis of quantitative 
data as abundance values, allowing to detect patterns of 
diversity in species-poor forests. My goal is to present a 
method for the identification of areas with high values of P
diversity. 

Study area 

The Nordliche Frankenalb is located in Northern Bavaria, 
Germany and covers an area of ca. 2500 km2. The investi
gation area covers an area of 1600 km2 (40 km x 40 km). 
Following a regular sampling design, the data collection 
was performed during the vegetation period of 1997 on the 
basis of quadratic grid cells of 4 km2. 

The bedrock of the Frankenalb consists mainly ofjurassic 
limestones and marls, but sandstones and clays also occur. 
Its altitude ranges between 300 and 700 m a.s.l. This 
landscape shows a mosaic of agricultural and forest land 
use. Forests cover ca. 30 % of the surface. Natural beech 
forests (Fagus sylvatica) are rare. Nearly everywhere in the 
region economically more important conifer forests, mainly 
dominated by Scots pine (Pinus sylvestris). occur and can 
be regarded as the typical forest type. In this preliminary 
study I limited samples to this forest type because of its 
prevalence. 
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Fig. 1. Schematic illustration of a- and P-diversity for four 
plots representing certain values. For the central grid cell the 
mean value of P-diversity for the pairs 1/4 and 2/3 can be 
calculated. 

Methods 

The investigation included several steps (Fig. 2). During 
the initial sampling only regularly distributed grid cells 
were considered. Within these cells again a grid of 6 x 6 
squares was installed and one of them selected by chance. 
This selected square was sampled only, if it was dominated 
by mature Pinus sylvestris. Further criteria for sampling 
were (I) the square had to have more than four trees with a 
DBH of more than 20 cm per 100 m2 and (2) the square had 
to be more than 50 m away from forest edges, roads and 
forest ways. 

The species composition was recorded in homogeneous 
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parts of the forest on plots of I 00 m2. Shrubs, herbs, grasses 
and mosses were recorded. Their frequency was measured 
using 25 squares of 2m x 2 m. Soil samples were taken. 
During the first iteration plots within 61 grid cells were 
sampled (Fig. 2). After this first phase of field work the ~
diversity between neighbouring plots was calculated. The 
density of plots was modified afterwards. In addition to the 
plots of the first phase, further plots were installed in grids 
where the mean orthogonal dissimilarity was higher than 
the total mean dissimilarity of the set of all plots (Fig. 2). ~
diversity (or dissimilarity) was expressed using a distance 
index, in this case Euclidean distance. Then again a new 
calculation of ~-diversity was performed. This results in an 
iterative increase of samples. 

The aim of this approach was to identify areas with high 
~-diversity. At the end they ought to show a dense distribu
tion of plots, whereas homogeneous regions are quite 
sparsely covered with samples. Basically, with this method 
ecotones are detected and mapped. The transition zones 
between homogeneous vegetation units can be identified 
by showing the area and the degree of heterogeneity. 

Results and Discussion 

The iterative process used in this study results in the 
emergence of obvious patterns of diversity. The calculation 
of Euclidean distance (ED), after the sampling of regularly 
distributed plots during the first phase of field work (Fig. 
3a), shows only a coarse pattern (Fig. 3b). Areas with high 
values cannot be clearly detected. The total mean value of 
ED for the data of this first phase was 76.2. 

As the basis for a second phase of field work, cells that 
lay between the cells sampled in the first phase and show
ing high orthogonal dissimilarity (higher than the mean 
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Fig. 2. a. Schematic presentation of the iterative spatial application of P-diversity analysis shown for a subset (b - f) of regularly 
distributed samples; b. Initial distribution; c. P-diversity values higher and lower (broken lines) than the mean; d. Distribution of 
samples in the second phase of field work; e. P-diversity values higher and lower (broken lines) than the mean on the basis of the 
second iteration; f. Final pattern of grid cells. 
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Fig. 3. Distribution of investigated grid cells with Pinus s_l'lvestris forest in the landscape of Frankenalb and P-diversity between 
them. a. Initial regular distribution of cells (black); b. Additional indication of the higher values of mean orthogonal Euclidean 
distance between the plots. Values of ED higher than 90 are light grey, higher than I 00 are dark grey; c. Distribution of investigated 
grid cells from the second sampling phase carried out in grid cells where the mean orthogonal ED was higher than the total mean, and 
again the ED between all the plots. 

values of all central cells) were identified and selected. At 
the edge of the study area only one pair could be consid
ered. This is a methodological restriction, because these 
values are not really comparable to the others. Only view 
grid cells could not be investigated when no P sylvestris 
forest were found that fulfilled the criteria. This is why 
some grids that are grey after the first calculation were not 
investigated during the second phase of field work. Having 
calculated ED again, based on this new extended data set, 
the total mean of ED decreased to 72.1. This indicates the 
influence of the sample size and y-diversity on the values. 
It could also be due to the decreasing spatial distance 
between the plots. 

However, three distinct stripes with high values emerge 
in Fig. 3c. Two of these areas with high P-diversity arc 
quite easy to interpret. The dark strip in the upper right 
(North-East) is located at the transition from sandstones 
and clays to limestones and marls that dominate in the 
larger central part of the landscape. The same is true for the 
more scattered agglomeration of dark colours in the lower 
left side. There the limestones from the centre are replaced 
by sandstones and clays again. Regarding these very sharp 
lines in the change of geological substrate, it is quite 
astonishing, that the changes in species composition, re
flected by high values of ED, stretch across several km of 
distance. This might reflect that it needs a certain spatial 
range to get communities saturated and that close to abrupt 
changes in site conditions there is still a non-equilibrium of 
species composition. 

The third area of high P-diversity in the centre of the 
landscape is ecologically not easy to interpret. Within the 
limestones, dolomites occur in this part of the region, 
perhaps this is the reason for this small-scale diversity. The 
site conditions according to relief, climate and land use arc 
very much the same as they are found in other parts of the 
landscape. 

Depending on site conditions and land use, regions with 
low and with high a-diversity can be detected. The latter 
are called 'hot spots' following a paper from Myers ( 1988) 
on tropical biodiversity (sec also Hawksworth & Kalin
Arroyo 1995). Such hot spots, hot lines or hot regions can 
be found for P-diversity as well. 

The iterative approach of the calculation of ~-diversity 
introduced here leads to the emergence of specific spatial 
patterns. This is shown for the conifer forests at the land
scape level of the Nordliche Frankenalb. Characteristic 
spatial patterns of ~-diversity are identified. The investiga
tion gives hints for the most important site conditions 
responsible for the development of diversity patterns. In 
this case substrate, effective via nutrient availability, seems 
to have the strongest influence. Future changes in the 
deposition of nutrients or toxic compounds and the acidifi
cation caused by precipitation might affect these spatial 
patterns via processes of soil chemistry. 

The results of the application of this method arc likely to 
be influenced by the choice of the similarity index. There
fore these results have to be compared with analyses using 
other indices to find out whether the detected patterns 
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appear then, too. The similarity indices have to be scruti
nized critically. ED is highly sensitive to differences in a
diversity or to dominant species. 

Another problem is the spatial distance between the 
plots. It can be assumed that it also affects the results. The 
closer two plots are, the higher is the probability of that 
they are similar. To avoid too much influence from this, 
only the orthogonal distances were considered to make real 
distances comparable. However, with the ongoing itera
tions the spatial distances change and this might influence 
the results. But if there are still high values of dissimilarity 
found, even at closer distances, as it is the case in this study, 
it is rather sure that these areas are very heterogeneous. 
Nevertheless a standardization of values resulting from 
distance measures should be achieved by integrating spa
tial distance into similarity indices. 

Problems of scale are closely related to the spatial limita
tion of vegetation units ( van Leeuwen 1970; Seibert 1974 ). 
Deficits exist regarding the characterization of such bor
derlines or transition zones. Future approaches for the 
evaluation of areas have to develop methods that character
ize the properties of ecotones. Generally areas with a high 
degree of small-scale P-diversity can be seen as transition 
zones. Their sharpness, and if they are considered to be 
ecotones or ecoclines, depends on the scale that is used. 
The different iterations during the investigation process of 
this study result in a dense distribution of samples in areas 
of high P-diversity. This is an unbiased tool to detect such 
transition zones on the basis oftloristic data. The method is 
not scale dependent and can be applied at different levels of 
scale and for other objects than species. 
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Abstract. The history of phytosociology in Europe is closely 
connected with the development of the International Associa
tion for Vegetation Science. Tables and comments give a short 
survey from the beginning in 1939 until the actual situation, 
concentrated on the development of the scientific organisa
tion, international congresses and excursions, activities of 
working groups and commissions for special subjects of vege
tation science and publications. Finally some perspectives for 
further development of different aspects of phytosociology are 
presented. 
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Introduction 

The development of vegetation science in Europe, espe
cially phytosociology, is more or less congruent with the 
development of the International Association for Vegeta
tion Science (IAVS). Although there are some surveys of 
the history of vegetation science ( e.g. Westhoff & van der 
Maarel 1973; Dierschke 1994), the establishment phase for 
this scientific organisation is somewhat obscure. For later 
phases many reports and minutes of meetings, symposia 
and excursions are available. In addition, I have received 
some documents and correspondence of R. Tiixen. Using 
this basis, including own experiences since 1961, I will try 
to give a short survey of the development of IAVS and 
some perspectives of phytosociology for the future. 

Scientific organisation of vegetation science in Europe 

The first foundation of an international association of 
vegetation scientists was in 1939 as the 'Association 
Internationale de Phytosociologie', at a meeting of phyto
sociologists in Marseille (FR) (Table 1 ). However, the first 
activities ended in the turbulence of the Second World War. 

The situation after 1945 was very difficult. Although 
personal contacts had been maintained over the years, there 
was no real organisation. A new beginning was discussed at 
a first meeting of some phytosociologists at Hilversum 
(NL) on 21 June 1947. This effort remained sterile, how
ever, because of difficulty in establishing an active work
ing committee under the bad conditions of the post-war 
period. There was an old Executive Committee, named in a 
document of 1948 to include Szafer, Nordhagen, Lebrun 
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and Adriani (Table I), but without any activities. 
During the 7th International Botanical Congress in Stock

holm in 1950 there was a meeting of the International 
Phytosociological Commission of the Botanical Section of 
the IUBS (President: C. Troll, Secretary K. Faegri), at 
which many of the most prominent European phyto
sociologists were present (Barkman 1952), but no defini
tive steps were taken. 

Documents of R. Tiixen (DE) from 1952 show a very 
active correspondence, especially with W.C. de Leeuw 
(NL), in order to arrange a new start for an international 
society. The result was a meeting of a new, self-nominated 
Executive Board (Table 2). This meeting can be regarded 
as the real start of the new foundation. The International 
Society of Plant Geography and Ecology (also with a 
German and French name; see Table 2) was established 
with new Statutes, an Executive Board and a General 
Board with one representative of every country or regional 
section. The annual membership fee was I dollar. The main 
activities for the coming years were to be an International 
Symposium about the syntaxonomy of beech woods and an 
International Grassland Excursion in SW Central Europe. 

Table 1. Foundation and first period of IA VS. 

• 1939 Foundation of the Association Internationale de Phytosociologie 
(AIP); President: W. Szafer (PL); Vice-Presidents: P. Allorge (FR), R. 
Nordhagen (NO); Secretary: R. Tuxen (DE), A.S. Watt (GB), Treasurer: 
W. C. de Leeuw (NL); Director of the International Center in Montpellier: 
J. Braun-Blanquet (FR). 
• Regional (national) sections with one representative in the Central 
Committee 
•Aims: I. Promotion of phytosociology and geobotany 

2. Phytosociological nomenclature (rules of priority, valid 
publication of names) 
3. Collaboration with institutions of nature conservation 
4. Organisation of excursions 
5. Establishment of a phytosociological centre in Montpellier 

• 1947 Discussions about reorganisation of AIP by some phytosociologists 
in Hilversum (NL) 

•1948 President: W. Szafer, Vice-President: R. Nordhagen; Secretary: J. 
Lebrun (BE), Treasurer: M.J. Adriani (NL) 

Table 2. The Stolzenau-Rinteln period (1954-1981 ). 

• 1954 New foundation of the International Society of Plant Geography 
and Ecology= Internationale Vereinigung for Vegetationskunde = Asso
ciation Internationale de Phytosociologie 
• Executive Board (first meeting 28.02.1954 in Utrecht): Pres.: W.C. de 
Leeuw, Vice-Pres.: J. Lebrun, Seer.: R.Tuxen, Treas.: M.J. Adriani 
• General Board: One representative of every regional section (Member
ship list with 79 members from 34 countries) 
• 1955 ] 't International Excursion: Grassland in Southwest Central Europe 
• 1956 I" International Symposium at Stolzenau (DE): Phytosociology and 
Soil Science 
• 03.09.1964 W.C. de Leeuw 'ii' 
• 1965 9th International Symposium at Rinteln (DE); J. Lebrun (new 
President), Seer.: R. Tuxen 
• 1974 International Society for Vegetation Science (new name) 
• 16.05.1980 R.Tuxen 'ii' 
• 20.09.19801. Braun-Blanquet 'ii' 
• 1981 Meeting of 45 members of 16 countries in Rinteln: Discussion about 
the future of the International Society; Commission for new Statutes 
(Barkman, Dierschke, Ellenberg, Gehu, van der Maarel, Miyawaki, Moore, 
Pignatti, Wojterski) 
• 25th International Symposium in Rinteln. 
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At the 3th International Botanical Congress in Paris 1954, 
the new (and old) Society got the official mandate to 
organize an international symposium in 1956 in central 
Europe. After a first excursion in 1955, the first Interna
tional Symposium took place in Stolzenau (DE), organized 
by R. Ti.ixen. This was the very beginning of a more 
intensive cooperation and discussions amongst European 
phytosociologists, also with a growing number of vegeta
tion scientists from other continents (Table 5). Stolzenau 
was called the 'Mecca of phytosociology', mainly based on 
the activities and the international reputation of R. Ti.ixen. 
After the death of W.C. de Leeuw (1964), J. Lebrun (B) 
became president of the Society. Secretary R. Ti.ixen, how
ever, was the most important and active person for a Jong 
time. 

When Ti.ixen moved from Stolzenau to Todenmann near 
Rinteln in 1965, this small town in NW Germany became a 
new centre of phytosociology. Every year in the week 
before Easter many prominent phytosociologists from all 
parts of the world met here during the annual symposium. 
In 1974 the association changed its name to the Interna
tional Society for Vegetation Science (a document about 
this change is not available). 

A turning point in the history of our association was the 
death of first R. Ti.ixen and then J. Braun-Blanquet in 1980. 
Already some time before, Ti.ixen had delegated the admin
istration to H. Dierschke who was also responsible for the 
organisation of the last symposium in Rinteln 1981. Before 
this meeting a larger group of phytosociologists was in
vited for a discussion about the future of the Society. This 
group and the symposium participants (more than 170 from 
22 countries) decided to meet in Prague the next year. A 
commission should elaborate new Statutes for a more 
democratic structure (see also Dierschke 1981 ). 

Table 3. Reorganisation and fwther development of IA VS. 

• 1982 Prague: Reorganisation of the International Association for Vegeta
tion Science= IA VS= Association International pour I" Etude de la Vegetation 
(AIEV) = Internationale Vereinigung fUr Vegetationskunde (IVY). 
• New Statutes: Executive Committee, Advisory Council, General Assem
bly; Pres.: Ellenberg; Vice-Pres.: Gehu, Miyawaki, Moore, Pignatti. 
Wojterski; Seer.: Dierschke; Treas: HUbl; Edit: Barkman 
• 261h International Symposium: Chorological phenomena in plant 
communities 

• 1986 Halle: New Advisory Council ( 1986-1989); Pres.: Pignatti. Vice-Pres.: 
Barkman. Gehu, v.d. Maarel, Miyawaki. Neuhaus!. Westhoff, Wojterski; 
Seer.: Dierschke; Treas.: HUbl. 
• 1990 Warsaw: New Advisory Council ( 1990-1993); Pres.: Pignatti, Vice
Pres.: Box. Gehu, v.d. Maarel, Miyawaki, Neuhaus!, Rivas-Martinez, 
Wojterski; Seer. & Treas.: Dierschke 
• Spanish becomes an official language: Asociaci6n Internacional de 
Ciencias de la Vegetaci6n (AICV) 
• Committee for a revision of the Statutes 
• Journal of Vegetation Science (Official Organ of IAVS); Editors: v.d. 
Maarel, Neuhaus!, Peet 
• 1994 Bailleu!: New Advisory Council (1994-1997): Pres.: Box, Vice
Pres.: Gehu. Miyawaki, Mucina, Pignatti; Seer. & Treas.: Dierschke, 
Edit.: v.d. Maarel 
• 1996 Lancaster I 1997 Ceske Budejowice: Acceptance of the new 
Statutes. 
• 1998 Uppsala: New Advisory Council ( 1998-200 I); Pres.: Box. Vice
Pres.: Loidi, Miyawaki, Mucina; Seer.: Schaminee, Treas.: Dierschke, 
Edit.: v.d. Maarel 
• Applied Vegetation Science (2nd Official Organ of IAVS) 

The new Statutes were accepted by a General Assembly 
in Prague in 1982. H. Ellenberg was elected as new Presi
dent, H. Dierschke as Secretary General (Table 3; Dierschke 
1982a). Prague was the beginning of a new era, with a new 
(and still current) name: International Association for Vege
tation Science (IAVS). It was decided that annual interna
tional symposia would take place in different countries all 
over the world, and further international excursions would 
also be organized. Besides, some Working Groups were 
active, regarding different special subjects of vegetation 
science. Every four years a new Advisory Council would 
be elected, with an Executive Committee (Table 3). H. 
Dierschke was Secretary General from 1982 to 1998. At 
the meeting in Uppsala 1998, J.H.J. Schaminee (NL) was 
elected as the new Secretary. 

During the symposia in Lancaster (GB) and Ceske 
Budejowice (CZ), new Statutes were discussed and ac
cepted, based on the experiences of the past. 

In summary, the development of the Association has 
been successful and it provides a good foundation for 
further development. This is also evident from the develop
ment of the membership, as is shown in Table 4. 

International Congresses of Vegetation Science 

Since 1956 an International Symposium has taken place 
almost every year, at first in Stolzenau ( 1956-1964 ), later 
in Rinteln ( 1965-1981 ), and afterwards in different coun
tries all over the world (Table 5). The first official sympo
sium was in September 1956 in Stolzenau with 82 partici
pants from IO European countries (see Walther 1959). 
However, there had already been a pioneer symposium in 
Stolzenau in 1953, which was later counted as number one. 

The subjects of the symposia include a broad range of 
themes, including the main themes of vegetation science 
and many applications in other sciences or practical fields 
(e.g. Biosociology, Palynology, Landscape Ecology, Soil 
Science, Forestry, Agriculture, Nature Conservation) (Ta
ble 5). In connection with the symposia also meetings of 
smaller discussion groups took place (see Dierschke 
1982b). 
The International Symposia soon became the most impor
tant congresses in vegetation science. Many scientific and 
practical questions have been discussed. Gradually an 
agreement and better understanding between the differ
ent schools of vegetation science has also been achieved. 
Discussions of special questions stimulated the estab
lishment of Working Groups (Table 7). Also in the fu
ture, the International Symposia will function as the most 
important platforms for further successful development 
of vegetation science. 

Table 4. Membership development (members/countries). 

1954 79 I 34 1989 603 I 38 1995 1388 I 75 
1967 490 I 35 1990 811 I 51 1996 1430 I.,., 

1978 625 I 38 1991 1100 I 58 1997 1460 Io·, 
1982 500 I 36 1992 1161 I 66 1998 1510 I 83 
1986 568 I 38 1994 1328 I 70 1999 1619 /79 
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Table 5. International Symposia of the IA VS. 

1953 Stolzenau (DE) 
I. Phytosociology as a link between 

agriculture and water economy 

1956 Stolzenau (DE) 
2. Phytosociology and Soil Science 

1959 Stol,enau (DE) 
3. Vegetation mapping 

1960 Stolzenau (DE) 
4. Biosociology 

1961 Stolzenau (DE) 
5. Anthropogenous vegetation 

1962 Stolzcnau (DE) 
6. Phytosociology and Palynology 

1963 Stolzenau (DE) 
7. Phytosociology and Landscape 

Ecology 

1964 Stolzenau (DE) 
8. Phytosociological Systematics 

1965 Rintcln I DE) 
9. Experimental Phytosociology 

1966 Rinteln (DE) 

10. Community Morphology (Veg
etation Structure J 

1967 Rinteln (DE) 
11. Vegetation Dynamics 

1968 Rinteln (DE) 
12. Facts and Problems of Vege
tational Boundaries 

1969 Rinteln (DE) 
13. Vegetation and Substrate 

1970 Rinteln (DE) 
14. Basic Problems and Methods in 
Phytosociology 

1971 Rintcln (DE) 
15. Vegetation as an Anthropo-eco
logical Subject 

1972 Rintcln (DE) 
16. Endangered Vegetation and its 
Protection 

1973 Rinteln (DE) 
17. Succession Research 

1974 Rintcln (DE) 
18. Landscape classification by the 
help of vegetation 

1975 Rintcln (DE) 
19. Vegetation and Climate 

1976 Rinteln (DE) 
20. Vegetation and Fauna 

1977 Rinteln I DE) 

International excursions 

21. Association Complexes (Sigmcta) 
1978 Rinteln (DE) 
22. Development and disappearance of plant com
munities 
1979 Rintcln (DE) 
23. Ephannony 
1980 Rinteln (DE) 
24. Syntaxonomy 
1981 Rintcln (DE) 
25. Structure and dynamics of forests 
1982 Prague (CS) 
26. Chorological phenomena in plant communities 

1983 Corrientcs (AR) 
27. Natural and semi-natural vegetation 

1984 Wageningen (NL) 
28. Dependent plant communities 
1985 Bailleu! (FR) 
29. Vegetation and geomorphology 
1986 Halle (DE) 
30. Recording and evaluation of anthropogenic veg
etation changes 
1988 Frasc'ati (IT) 
31. Spontaneous vegetation in ~cttlcmcnts 

1989 Uppsala (SE) 
32. Forests of the World. Diversity and dynamics 

I 990 Warszawa (PL) 
33. Vegetation processes as suhject of geohotanical 
maps 
1991 Eger(HUJ 
34. Mechanisms of vegetation dynamics 

1992 Shanghai (CNJ 
35. Applied vegetation ecology 
1993 Santa Cruz de Tcnerife (ES) 
36. Island and high mountain vegetation 

1994 Bailleu! (FR) 
37. Large area vegetation surveys 
1995 Houston (US) 
38. Community spatial processes: Landscape and 
global spatial processes: Short-term temporal proc
esses; Long-term temporal processes 

1996 Lancaster (GB) 
39. Vegetation science and landscape ecology 
1997 Ccskc Budejovice (CZ) 
40. V cgctation mapping: Experimental tests of mecha
nistic hypotheses of community patterns: Closely 
related species in plant communities 
1998 Uppsala (SE) 
41. Vegetation science in retrospect and perspective 

1999 Bilbao (ES) 
42. Vegetation and Climate 
2000 Nagano (JP) 
43. Glohal to local pt;rspcctives of vegetation sci
ence: Search for new paradigms for the 21th century 

Besides the Symposia, the International Excursions were important 
events of JAYS. These were not identical with the International 
Phytogeographic Excursions ()PE), organized by the Geobotanical 
Institute in Zurich. The first excursion, with 44 participants from nine 
countries, was directed toward grasslands in southern Germany, France 
and Switzerland (see Tiixen et al. 1957). This and other excursions are 
listed in Table 6. The excursions have always provided a unique 
possibility to become acquainted with the flora and vegetation of other 
countries, under expert local guidance, and to discuss different field 
methods, etc. Excursions also provide an occasion to promote interna
tional friendship and cooperation, and can be regarded as another main 
focus of our Association, as important as the symposia themselves. 

Table 6. Excursions of IA VS. 

I. 1955 Alsace. SW Germany. W-Swit,crland (Bcrset. Lemee. 
Marschall. Moor. Oberdorfer) 

2. 1956 Jutland (DE. DK) (Bocher. Christiansen. Sorensen. 
Wohlenberg) 

3. 1958 Provence (FR) (Molinier. Tallon) 
4. 1962. NW-France (Abbayes. Corillon. Gehu, Hocquette, 

Lami, Lemee) 
5. 1963 NE-Poland (Falinski, Matuszkicwicz. Solinska. Wolak) 
6. 1965 SE-Norway (Dahl, Kiclland-Lund) 
7. 1966 Abruzzi (IT) (Giacomini et al.) 
8. 1967 Jura (CH. FR) (Gehu, Quantin, Richard) 
9. 1968 Scotland (GB) (Bellamy. Shimwell) 

I 0. 1970 Island 
11. 1972 Portugal (Pinto da Silva. Teles) 
12. 1974 Japan (Miyawaki et al.) 
13. 1976 E-USA/Canada (Bcnninghoff. Grandtncr) 
14. 1978 Poland (Wojtcrski) 
15. 1980 Ireland (Doyle, Kelly, Mitchell. Moore. O'Sullivan. 

Watts. Webb, White) 
16. 1982 Central Italy (Pedrotti ct al.) 
17. 1983 Argentina (Eskuchc ct al.) 
18. 1984 Honshu (J) (Miyawaki et al.) 
19. 1986 Norway (Dahl, Kielland-Lund, Vevle) 
20. 1988 California, Nevada, Utah. Arizona (USA) (Vankat ct al.) 
21. 1990 W-Australia (Beard et al.) 
22. 1992 E-China (Song Yongchang et al.) 
23. 1995 SE-USA (Box. Harcombe et al.) 
24. 1996 South Africa (Bredenkamp. Lubke ct al.) 
25. 1997 Bohemia (CZ) (Krahulec, Prach et al.) 
26. 1999 Spain, Pyrenees (Loidi. Rivaz-Martinez) 
27. 2000 Japan (Fujiwara, Miyawaki) 

Working groups for special topics 

In addition to the main symposia, meetings of 
smaller working groups have discussed and 
elaborated special subjects of vegetation sci
ence. Table 7 lists the groups which have been 
mentioned in reports or/and which are still ac
tive. The most long-standing group is the Work
ing Group for Data-Processing, now with the 
name Theoretical Vegetation Science. It was 
formed during the Rinteln symposium in 1969 
and had its first meeting at Trieste in the same 
year (see van der Maarel et al. 1980, van der 

Table 7. IAVS Working Groups and Commissions 
and their initiators or/and present board members. 

1959 Permanent Commission for the Vegetation Map of 
Europe (Pres.: TUxen; Braun-Blanquet, Emberger. 
Horvat, Noirfalise, Pawlowski) 

1968 Commission for the Protection of Endangered Vegeta
tion (A. Hoffmann, HUlbusch, T. MUiler, Moore, 
Noirfalise, Preising, Westhoff) 

1968 Commission for the Prodromus of European Plant 
Communities (TUxen) 

1969 Nomenclature Commission (Barkman. Moravec. 
Rauschert; Code of Phytosociological Nomenclature 
(I 976, 1986) 

1969 Working Group for Data Processing (van der Maarel, 
Orl6ci, Pignatti) = Working Group for Theoretical 
Vegetation Science 

1973 Working Group for Succession Research on Perma
nent Plots (Seer.: W. Schmidt, Willems. Bakker)= 
Working Group on Long-term Vegetation Dynamics 

1990 European Vegetation Survey 
(Rodwell, Eilertsen, Mucina, Pignatti, Schaminee) 
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Maarel 1989). A second is the WG for Succession Research 
on Permanent Plots, also now with another name: Long-term 
Vegetation Dynamics. This group was founded during the 
Rinteln symposium in 1973 on Succession Research and 
had its first meeting after the Rinteln symposium 1974 (see 
Schmidt 1974, 1975; Bakker et al. 1996). Both groups have 
organized several further workshops, also a joint meeting 
in Montpellier in 1980 (see Poissonet et al. 1981 ), and are 
still active. A rather new WG, called the European Vegeta
tion Survey, has met in Rome every year since 1992, arising 
out of a smaller meeting during the symposium in Warszawa 
in 1990 (see Mucina et al. 1993, Rodwell et al. 1995). This 
group took over some ideas of the Commission for the 
Prodromus of European Plant Communities which met sev
eral times in Rinteln (see Dierschke 1971, 1972). Important 
work has also been done by the Nomenclature Commission 
since 1969. Two versions of the Code of Phytosociological 
Nomenclature (which was already a task at the beginning in 
1939!) have been published (1976, 1986; Barkman et al. 
1986). A third version is in preparation. 

Publications 

There are many scientific publications in phytosociology, 
scattered throughout many journals and books, included in 
several bibliographies (e.g. Excerpta Botanica, Biblio
graphia Phytosociologica Syntaxonomica). There are also, 
however, some whole publication series which are, or were 
more or less directly influenced, or started by JAYS. 

The first journal was Vegetatio, which was founded in 
1948 as the so-called 'Organ officiel de I' Association 
Internationale de Phytosociologie'. Its history was summa
rized by van der Maarel & van der Maarel-Versluys ( 1988). 
For a long time the main editors (Braun-Blanquet, Tiixen, 
Westhoff, van der Maarel, Lieth) were indeed members of 
JAYS, but the ownership was by various Dutch publishers 
(see van der Maarel 1990). The same is true with most other 
series listed in Table 8, for example Phytocoenologia or 
Excerpta Botanica. Therefore, after some trouble with the 
publishers of Vegetatio, the Advisory Council decided at its 
meeting in Uppsala in 1989 to publish a new journal 
directly controlled by JAYS and available at a reasonable 
price for all members. The new Journal of Vegetation 
Science (JVS) has had a good start; it has developed rapidly 
and has significantly increased the number of members of 
the IAVS (see Table 4). E. van der Maarel was the main 
promo tor of this 'journal for all vegetation scientists', with 
the help of Editors and later also Associate Editors, and an 
Editorial Board. The number of manuscripts has steadily 
grown over the years and has led to the establishment of a 
second official organ of JAYS: Applied Vegetation Science 
(AVS). The first volume of AVS was published in 1998 (see 
van der Maarel et al. 1998). So the JAYS has now two 
journals (JVS and AVS) under its ownership and responsi
bility. Another type of publication was the Proceedings of 
the International Symposia, mainly edited by R. Tiixen. 
The first separate volume, on Vegetation Mapping, were 
the Proceedings of the Stolzenau symposium in 1959. 
From then onwards, a new volume from the previous 

meeting appeared almost every year (see also Dierschke 
1982b ). Besides the lectures, the discussions following the 
talks were also included rather extensively. So every sym
posium volume is a valuable document on the development 
of vegetation science. In the last few years no real proceed
ings have been published, but a new series is scheduled for 
the coming years. 

A voluminous series, the Handbook of Vegetation Sci
ence, was started in 1964, again upon the initiative of R. 
Tiixen. The first volume (No. 5, 1973) on 'Ordination and 
Classification of Communities' was edited by R.H. 
Whittaker. In the meantime 10 volumes have appeared, and 
12 more are scheduled. Each volume contains contribu
tions of experts on a specific subject of vegetation science. 

Scientific outlook 

This rather short survey of the history of the IAVS, as 
related to the history of phytosociology in Europe, shows 
many activities and a rather rapid development within the 
last 50 years. Many scientific questions have been ans
wered, and new questions have been raised. Although there 
are problems for the further development of organismal 
and field biology in many countries (in contrast to 
biomolecular approaches, biogenetics etc.), vegetation sci
ence has to remain an intrinsic part of biological research 
and teaching. For further development and conservation of 
our plant cover, experts with good knowledge of the vege
tation and its functioning and environment are necessary. 
Some perspectives for further development of different 
aspects of phytosociology are given in the following para
graphs: 
I. Synmorphology, Symphysiology ( vegetation structure 
and species interrelations): Fine-scale field observations 
and measurements as well as experimental research, gradi
ent analysis, mapping, permanent-plot studies, etc., closely 
connected with population ecology and environmental sci
ences. 
2. Syndynamics (succession, vegetation fluctuations): 

Exact short-term to long-term studies on permanent plots 
of natural and anthropogenic vegetation dynamics, in com
bination with I and 6. 
3. Syntaxonomy (vegetation classification): Improvement 
of national vegetation surveys, establishment of computer
ized data banks (national, international), and large-scale 
vegetation surveys (e.g. for all of Europe). 
4. Synchorology (vegetation areas): Vegetation maps of 
Europe and of smaller areas; grid maps showing the distri
bution of plant communities. 
5. Sigmachorology (vegetation complexes): Further devel
opment of methods and case studies; connection with land
scape ecology. 
6. Synecology (environmental conditions of plant commu
nities): Ecological measurements related to plant commu
nities, role of plant communities in ecosystems, plant
animal interactions (biocenology), etc. 
7. Applied Phytosociology: Methods of biomonitoring and 
bio-indication, indicator values of plants in relation to plant 
communities (in connection with 6), networks of global-
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change monitoring stations, nature conservation, restora
tion of vegetation types, etc. 
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Abstract: The earliest contributions to vegetation science in 
Britain were made I 00 years ago in Scotland, by the brothers 
R. and W.G. Smith. This paper argues that their influence on 
subsequent developments has been underestimated. Inspired 
by C. Flahault (Montpellier), their outlook was phytosocio
logical and their aims were to establish a system for vegetation 
survey and mapping, and to understand relationships between 
vegetation categories and environmental factors. 

After 1912 these objectives were temporarily eclipsed by 
the emergence of plant ecology, and the stimulus it gave to 
studies of plant-habitat interactions, vegetation dynamics and 
ecosystem processes. The convergence of approach between 
F.E. Clements in America and A.G. Tansley in Britain, and 
their influence in the two countries, will be examined. At this 
time little attention was paid to plant community studies, and 
European phytosociology was largely ignored, but this trend 
was reversed with the advent of quantitative methods of veg
etation analysis. The effects of controversial hypotheses con
cerning the nature of plant communities, and the events which 
led to a new appreciation in Britain of the potential for and 
value of plant community classification, will be reviewed. As 
vegetation science emerges from its infancy into adulthood, 
the foresight of the Smith brothers a century ago can be 
properly evaluated. 

Keywords: Association; Phytosociology; Scotland; Smith, 
Robert; Smith, William G. 

Introduction 

It is not possible in a short paper to give any comprehen
sive review of the early history of vegetation science in 
Britain and America. However, it is the intention in this 
contribution to offer a few glimpses into events in the past, 
some of which may be unfamiliar to some readers; and 
perhaps to introduce a rather new perspective into the 
origins of vegetation science in these Countries. It is hoped 
that examination of the sources of some of the important 
basic ideas of our science, and how they developed and 
influenced leading workers and thinkers in the subject, will 
lead to a better appreciation of where we stand today and 
the direction in which we are heading. 

We look first at how vegetation science got started in 
Britain, by mentioning some early work which, although of 
considerable significance, is rather little known outside 
this Country. It is of interest that, in this Centenary Year of 
the Department of Ecological Botany in Uppsala Univer
sity, early stirrings of phytosociology were also taking 
place almost exactly I OOyears ago in Scotland. Then, as we 

follow subsequent developments, we shall have occasion 
to consider how they interacted with the emergence of 
vegetation science in America. 

Robert and William Smith 

It is now widely recognized in Britain, if not elsewhere, 
that our earliest contributions of importance to vegetation 
science were made in Scotland by two brothers, R. and W. 
G. Smith. Robert Smith, the younger of the brothers, was a 
Demonstrator in Botany at the University College of Dun
dee from 1896 - 1900 and was the first to carry out system
atic surveys and produce maps of vegetation in Britain. 
More than that, however, he - and subsequently also his 
older brother William - played major parts in a real revolu
tion of botanical science in Britain. To understand how this 
came about we must take a small step back in time, and 
consider the influences which shaped Robert Smith's de
velopment. Already a keen field botanist, Smith became a 
student at Dundee in 1893 where the Professor of Botany 
was Patrick Geddes, an original thinker who made great 
changes in the teaching of Botany which he felt had fallen 
into a 'state of intellectual torpor'. He felt that hitherto 
there had been little sign of appreciation of the new eco
logical and physiological approach to plant geography 
being developed in Europe by such influential exponents as 
Warming in Denmark, Hult and Sernander in Sweden, 
Schimper in Germany, Schroter in Switzerland and Flahault 
in France. Geddes himself was fully in tune with these 
developments and was in close personal touch, especially, 
with Charles Flahault, the pioneer French phytogeographer 
and phytosociologist. [References to works by these Euro
pean pioneers may be sought in Du Rietz ( 1921 ), Mueller
Dombois & Ellenberg (1974) and Sheail (1987).] 

Geddes was an inspiring teacher and encouraged his 
students to shed the constraints of what had become an 
exclusively laboratory-based, descriptive study; and to turn 
to observing the lives of plants in their natural habitats and 
their social organisation - the subject matter of ecology, a 
term which was just then coming into general use. Geddes 
is not a name much remembered in botanical circles - in 
fact he is better remembered for his later pioneering work 
in what we now call human ecology, especially the built 
environment and town planning - all deriving from his 
broadly sociological outlook. This led him to move away 
from natural science, but not before he had recognised the 
potential of his student, Robert Smith, by appointing him to 
his teaching staff, following his graduation in 1896, and 
(most significantly) arranging for him to spend the winter 
of 1896-1897 working in Montpellier with Flahault. 

Robert Smith, already strongly disposed towards the 
interpretation of vegetation as composed of plant commu
nities, was much impressed by Flahault's aim of mapping 
the vegetation of France on the basis of groups of tree 
species characteristic of each region, and identifying 'asso
ciations vegetales', consisting of sets of species with simi
lar habitat requirements. Smith came back to Scotland keen 
to apply Flahault's methods, in a modified form, to an 
ambitious project on which he had already embarked, to 



- The birth and infancy of vegetation science in Britain and America - 15 

classify and map the vegetation of his native country. 
Modification was necessary because Flahault's survey was 
based largely on tree vegetation, of which there was rela
tively little left in Scotland where the vegetation was a 
mosaic of types all much modified by human uses; and 
Smith developed his own classification based on plant 
associations - their physiognomy and characteristic spe
cies, especially the dominants. Joined by his brother 
William, surveys of several areas in south and central 
Scotland were conducted and vegetation maps at a scale 
of I: 126 729 (2 English miles to I inch) prepared for 
publication (R. Smith 1900a, b ). Tragically, however, 
Robert died in 1900 following an attack of appendicitis, at 
the age of 26. The work he had initiated was completed by 
William (W. G. Smith 1904, 1905) who not only continued 
with similar surveys and mapping in N. England from his 
base in Leeds, but also drew the attention of a much wider 
scientific audience to the achievements and potential of the 
new approach, in lectures and papers (W.G. Smith 1902). 

Vegetation science in Britain 

It is thus evident that the first stirrings of vegetation 
science in Britain were strongly influenced by the 
phytosociological outlook which was taking shape in Eu
rope. Some historians of ecology in Britain have labelled 
the work of the Smith brothers and the small group of field 
botanists which gathered round them as 'the approach of 
the phytogeographer'. If by that they mean an approach 
centred exclusively on the geographical distribution of 
individual species, they are wrong: Smith himself com
mented in 1899 that while this had been the case in the 
earlier years of the 19th Century when 'the biological 
element was hardly touched on', his own new view ( 1898) 
was that "The study of vegetation has now become a study 
of plant associations - the life-forms which constitute 
them, the conditions which determine them and the rela
tions between them", and he goes on: "such a community, 
made up of chief species, subordinate species, and depend
ent species, constitutes a Plant Association". Written ex
actly I 00 years ago, that was a remarkably far-sighted 
statement. Furthermore, he was an enthusiastic advocate of 
the practical value of vegetation maps, emphasising their 
importance as a record of the vegetation of Scotland at the 
time, and as vehicles for further research of an ecological 
nature. His list of items needed for the proper description of 
the vegetation of an area is interesting: 
I. The chief associations into which it may be divided; 
2. The particular conditions of heat, light, moisture and 

food distinguishing the associations; 
3. The particular adaptations or life-forms of the species of 

each association; 
4. The relations between the species: 

(I) dominant social forms; 
(2) secondary social forms; 
(3) dependent species; 

5. The influence of man and animals; 
6. The general conditions of climate and of vegetation of 

the region compared with other regions. 

Robert Smith's untimely death regrettably destroyed plans 
for the survey and mapping of the vegetation of the whole 
of Scotland. However, his influence had spread and a small 
group of like-minded botanists had gathered around W. G. 
Smith, and continued, for a time, the work of survey and 
mapping in N.England and Ireland. This group became, in 
1904, 'The Central Committee for the Survey and Study of 
British Vegetation' - the forerunner of the British Ecologi
cal Society (founded in 1913). 

However, although the vision of the Smith brothers was 
still actively stimulating the development of British veg
etation science for the first decade of the twentieth Century, 
the survey and mapping project rather quickly came to an 
end, partly because of the increasing cost of producing 
maps, but also because the widening horizons of ecological 
science were drawing interest away from primary survey 
and plant community classification. In this change of direc
tion, a major part was played by A.G. Tansley, a scientist of 
great strength of character, a founder member and leading 
light of the 'Central Committee'. Under his influence and 
that of his associates on the Committee, the whole centre of 
gravity of developing vegetation science moved south to 
Cambridge and London, and its focus turned more to the 
investigations of interactions between plants and their en
vironment, ecological processes and vegetation dynamics. 

Clearly, Tansley was very much a ·vegetation scientist' 
because his main aim and achievement was to study and 
describe British vegetation (Tansley 1911, 1939a), and he 
was much impressed with the enthusiasm of the new Cen
tral Committee, mentioning that even 'those who were 
initially sceptical about the existence of plant communities 
were convinced by their experiences of the study of vegeta
tion in the field'. However his outlook was not that of a 
phytosociologist and he moved away from the approach of 
the Smith brothers, though later he described them as "the 
original pioneers of modern ecology in Britain" ( 1939b). It 
was the interaction between plants and their environment -
all aspects of it - and the dynamics of processes taking 
place in vegetation that really motivated him and those 
around him. 

Vegetation science in America 

In this he aligned himself with some of the ideas of one of 
the pioneers of vegetation science in America, F.E. Clements, 
whom he described as "the greatest individual creator of 
the modern science of vegetation". So we should now turn 
our attention briefly to the infancy of vegetation science in 
America and consider where it was leading. Clements, like 
the others already mentioned, was starting to publish his 
ideas almost exactly I 00 years ago. While he certainly had 
a profound influence on vegetation science in America and 
Britain, it is important to recognise the influence of another 
American pioneer, H.C. Cowles, who was perhaps really 
the first to undertake a detailed study of a particular exam
ple of vegetation (plant succession in the inland sand dunes 
of Lake Michigan) published in 1899, in which he applied 
the concept of vegetation dynamics to the understanding of 
an actual field situation. Later in his life, Tansley acclaimed 
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Cowles as "the great pioneer of the subject", thus giving 
him the accolade he had previously accorded to Clements. 
Certainly, Cowles had a great influence on Tansley himself 
and others of the early Committee for the study of British 
vegetation, who were greatly taken with his dynamic view 
of vegetation. However, although Cowles' work was, and 
is, regarded as a classic, it was Clements whose ideas 
became most influential in the early years of the 20th 
Century. This was chiefly because of the way he deliber
ately set out to create a general theory of vegetation based 
on his studies of plant succession (1916), vegetation dy
namics and development, elaborated into his famous theory 
of the plant formation. "As an organism the formation 
arises, grows, matures and dies. The plant formation is the 
adult organism of which all the initial and medial stages are 
but stages of development." 

This is not the place to go into all the repercussions of 
this theory, or of the controversy it created in America 
when it was challenged by Gleason's later ( 1926) individu
alistic concept of the plant community: "The vegetation of 
an area is merely the resultant of the fluctuating and fortui
tous immigration of plants and the equally fluctuating and 
variable environment". 

That argument is now largely of historical interest, and 
probably did not have nearly as much lasting influence on 
the progress of vegetation science as did Clements' early 
work on the development and structure of vegetation, and 
on research methods for the practical analysis of vegetation 
using quadrats and transects. It was this approach to veg
etation science, and Clements' ability to draw together the 
results of much work in America and elsewhere, that 
appealed to Tansley, rather than the theoretical super
structure of which he became increasingly critical. But 
for a time the two were closely in touch, and greatly 
admired each other's ideas, and as both were strong 
leaders this had the effect of diverting attention away from 
primary survey, mapping and universal systems of classifi
cation towards intensive studies of particular examples of 
vegetation - still vegetation science, but with a different 
orientation, concentrating more on ecological processes 
and on physiological and experimental ecology. 

Relations with phytosociology 

This happened at precisely the time when the phyto
sociological approach to vegetation classification and map
ping was gaining ground and becoming widely applied in 
Europe and Scandinavia, for example by J.Braun-Blanquet 
who developed the tradition established by Flahault in 
Montpellier, and by G.E. du Rietz in Uppsala, and R. 
Ttixen in Germany. It has to be admitted that the preoccu
pations of British and American vegetation scientists led 
them for a considerable time to ignore, or even to express 
scepticism regarding the methods and theoretical basis of 
Continental phytosociology, despite the fact that Tansley 
urged (in 1922) that British workers would benefit from the 
perception of plant associations as social units. However, 
he wrote later ( 1939a) "I am unable to form an opinion as to 
the validity or usefulness of the terminology of plant com-

mumties invented by Dr. J. Braun-Blanquet, and have 
therefore had to forego any attempt to consider its possible 
application to British vegetation". 

Nevertheless, in America and a little later in Britain, a 
sociological approach to vegetation science was reviving 
from around the 1920s with the introduction of quantitative 
and statistical methods for the analysis of community com
position. In America in the 1950s this took the form of the 
development of graphical methods of ordination of vegeta
tion samples to display variation in floristic composition; 
while in Britain statistical and computer based methods of 
community classification were pioneered at about the same 
time. 

Although on the whole vegetation scientists in Britain 
and America, many of them engaged on quantitative and 
statistical vegetation analysis, still held aloof from Euro
pean and Scandinavian phytosociology, they did rekindle 
interest in the floristic composition of plant communities 
and the factors controlling it. Furthermore, as early as 1949 
the methods of Braun-Blanquet had been applied to Irish 
vegetation by Braun-Blanquet and Ttixen during an Inter
national Phytosociological Excursion; to be followed in 
the decade from 1952 by J.J. Moore who had become a 
disciple of R. Ttixen and applied his approach extensively 
in Ireland. However, it was, in fact, one ofTansley's former 
pupils, H. Godwin, who felt the time was ripe in the early 
1950s to re-examine the possibility of applying the meth
ods of European phytosociology systematically to British 
vegetation. 

Godwin arranged forone of his research students, M.E.D. 
Poore, to spend some months in Montpellier, thus creating 
a close parallel with Geddes' earlier promotion of Robert 
Smith. This time the purpose of the visit was for Poore to 
familiarize himself with the theory and methodology of 
Braun-Blanquet. 

Like Robert Smith, Poore returned to his native Scotland 
and began to apply a modified version of this methodology 
to the recognition and classification of plant communities 
of the uplands at the level of the Association (Poore 1955). 
This marked a renaissance of interest in the survey and 
classification of British plant communities which has con
tinued ever since, and has produced such classic works as 
The Plant Communities of the Highlands' (McVean & 
Ratcliffe 1962), 'Plant Communities of Scotland, a pre
liminary Phytocoenonia' (Birse 1980) and the series of five 
volumes of 'British Plant Communities', which were the 
culmination of a National Vegetation Classification project, 
edited by J. Rodwell (1992a, b; 1993a, b). 

The last-mentioned work is a good example of the 
recent rapprochement between the aims and approach of 
European phytosociology and the use of quantitative, 
statistical techniques for handling large amounts of releve 
data and generating computer-based classifications - a 
rapprochment which, it should be added, has been greatly 
promoted by the work and activity of Eddy van der Maarel. 
But here we get beyond the infancy of vegetation science to 
its more mature development. 
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Conclusion 

In summing up, mention may be made of the comment 
that vegetation science has a 'polytopic origin', springing 
up almost independently in numerous different centres 
under the leadership of major figures, themselves much 
influenced in their several approaches by the nature of the 
vegetation around them. Examples are the 'schools' of 
vegetation science in Switzerland, France, Denmark, Scan
dinavia, Britain, America, to name a few. 

There is certainly a good deal of truth in this, but it is an 
incomplete analysis. I suggest that each of the major fig
ures was profoundly influenced by the thinking of those 
who preceded them, in whatever country, and the pioneers 
were enthusiasts, often crusaders, anxious to pass their 
enthusiasms to students and others who worked with them 
- who then developed the individual approaches into dis
tinctive schools which only now are coming together. 

Looking back over the present Century in Britain, it is 
evident that Robert Smith, himself much influenced by 
Flahault, lit a flame of vegetation science, which flared 
briefly and then seemed to flicker and almost die. The 
Anglo-American approach spear-headed by Tansley and 
Clements took over and then gave place to quantitative. 
statistical methods, but now the flame lit by the Smith 
brothers is very much alive again. It brought a breath of 
fresh air into British botany and launched the subject of 
vegetation science into a proper scientific study of the 
outcome of the interplay between environment and the 
available flora. The influence of the Smith brothers on 
subsequent developments has, I believe, been underesti
mated but is now being given more of the recognition it 
deserves. As vegetation science emerges from its infancy 
into adulthood, the foresight of these two brothers a Cen
tury ago can be properly evaluated. 
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Abstract. The ability of different alpine species to change soil 
nutrient concentrations was estimated through monocultures 
of 17 species grown on an homogenized acid alpine soil 
mixture. The experiment was carried out at 2750 m a.s.l. in the 
Teberda Reserve, Northwest Caucasus. Soil nutrient contents 
(NH4, NOy P, Ca, Mg, K) and pH were analysed after 6 yr. The 
same soil mixture but without plants was used as a control. 
Alpine species changed soil properties in different ways. For 
each soil property there was a different species which had 
lowered the concentration more than any other species, e.g. 
Matricaria caucasica for NO, and Festuca ovina for P. Many 
species increased the cation content (Ca, Mg, K) in the soil in 
comparison with the control. All species, except Sibbaldia 
procumhens, increased soil pH. 

Keywords: Alpine grassland; Alpine heath; Alpine soil; Cau
casus; Snowbed community; Soil nutrient. 

Nomenclature: Onipchenko 1994, except Campanula triden
tata Schreb. 

Introduction 

According to resource competition theory, the ability of 
a plant to decrease soil nutrient concentrations is one of the 
most important properties for competitive success (Tilman 
1982). There are few studies dealing with soil property 
changes in monocultures (e.g. Wedin & Tilman 1993). 
Virtually nothing is known about plants and communities 
from high mountains. 

Alpine communities in the Caucasus are species-rich 
(Onipchenko & Semenova 1995). Several community 
types can be recognized on the basis of their tloristic 
composition. They vary in ecological conditions, notably 
winter snow depth and range from snow-free alpine li
chen heaths to snowbed communities (Onipchenko 1994). 
They differ significantly in soil properties (Grishina et al. 
1993). Different species from these communities are able 
to change soil nutrient concentrations and acidity in the 
soil they root in. We wished to investigate this through 
growing them for several years in monoculture on ini
tially homogeneous soil under semi-natural conditions. In 
total 17 species from different systematic groups were 
tested in this way. 

Material and Methods 

Study area 
The study area is situated in the Teberda State Reserve, a 

part of the Karachaevo-Cherkessian Republic, Northwest
ern Caucasus, Russia ( 43° 27' N, 41 ° 41' E). The study sites 
are located on Mount Malaya Khatipara, in the alpine belt 
at 2700-2800 m a.s.l. The study species are typical of four 
widespread alpine communities: 
I. Alpine lichen heath (ALH) with dominance of fruticose 
lichens; 
2. Festuca varia grassland (FVG); 
3. Geranium gymnocaulon-Hedysarum caucasicum 
meadow (GHM); 
4. Snowbed vegetation (SBC). (See further Onipchenko 
1994.) 

Study species 
17 typical and/or dominant species (six monocots and 11 

dicots) were chosen, belonging to eight families (Table I). 

Field experiment 
A soil mixture from the upper layer (0 - 25 cm) of native 

alpine soils (Umbric Leptosol) and pure sand was prepared 
and homogenized by repeated sieving. Large roots and 
stones (> 7 mm) were deleted. The mixture was put in 1-1 
plastic boxes. Boxes were situated in alpine meadows at 
ground level. Drainage holes in the bottom of the boxes 
allowed down water flow and prevented anaerobic condi
tions. Each plant species was grown from seeds in I 0 
replicates (boxes). IO boxes with the same soil mixture but 
without plants were used as a control. Experimental and 
control boxes were situated within five 36-box blocks in 
random manner. Plants were grown for six years ( 1991-
1996); we applied some irrigation during dry periods to 
prevent strong desiccation. 

Table 1. List of study species, their taxonomic position and 
their community preference. 

Species Family Community 

Anemone speciosa Ranuncu/aceae ALH 
Antennaria dioica Asteraceae ALH 
Campanula tridentata Campanulaceae ALH, SBC 
Care:r sempen'irens Cvperaceae ALH 
Carex umbrosa Cvperaceae ALH 
Festuca orina Poaceae ALH, FVG 

Festuca raria Poaceae FVG 
Geranium gymnocaulon Geraniaceae GHM 
Hedysarum cau.casicu.m Fabaceae GHM 
Leontodon hi.,pidus Asteraceae FVG,GHM 
Matricaria caucasica Asteraceae GHM 
Nardus .Hric/a Poaceae FVG, GHM. SBC 
Ph/eum a/pinum Poaceae GHM 

Scorzonera cana Asteraceae FVG 
Sibba/dia procumbens Rosaceae SBC,GHM 

Ttiraxacwn stevenii Asteraceae SBC 
Trifolium pohpln-/lum Fabaceae ALH 
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Soil analysis 
Soil samples were collected from each box and air-dried. 

The fine soil fraction ( < I mm) was separated for chemical 
analysis by dry sieving. Samples with damaged plants 
(roots or shoots damaged by herbivores) were excluded 
from the analysis; the final number of replicates was less 
than IO for several species - and down to two for Trifolium 
polyphyllum. Chemical soil analysis included water solu
ble N03, NH4, Ca, Mg, K, exchangeable Ca, Mg, K ( I M 
CH3COONH4), NH4 (2% KC!), mobile (0.5 M CH3COOH) 
and low mobile (0.1 M HCI) P, and pH (Hp and 2% KC!). 

Data analysis 
One way analysis of variance (ANOVA) was used to 

estimate the significance of the difference between differ
ent variants for each of the soil properties. 

Results 

All species in monoculture changed the concentration of 
all soil properties except low-mobile P (Tables 2 and 3). 
Significant differences were found for most soil properties, 
at least for species differing much. For each lowest values 
another species was responsible (Table 3). Many species 
increased cation content (Ca, Mg, K). All species, except 
Sibbaldia procumbens, increased the pH of the soil. 

Four plant families were represented with two or more 
species. Significant differences among families were found 
for all nutrients, except low mobile P and water-soluble K 
(Table 2, 4). Fabaceae decreased cation contents (Ca, Mg, 
K), but increased nitrogen (NH4, N03). Cyperaceae ( Carex 
spp.) decreased ammonium content, both Asteraceae and 
C,,peraceae decreased nitrate concentrations greatly; phos
phorus content was decreased by grasses. So we can observe 
some kind of specialization between taxonomic groups. 

When we combined the species according to their com
munity preference (Tables I, 2; community level), only 
small differences were found. Only the species of the 
Festuca varia grassland (mainly grasses) increased Kand 
Mg concentrations and pH. 

Table 2. Results of One-Way ANOVA for testing the signifi
cance of influence on soil properties for different species, 
families and community-wise species groups: *** = p< 0.001; 
** = p<O.O I; * = p<0.05; n.s. = not significant. 

Species FamiliesCommunity groups 

NH
4 

(exch.) *** n.s. 
NH

4
(H 20J *** *** n.s. 

N02 + NO, ** n.s. 
P(mobile) ** n.s. 
P (low mobile) n.s. n.s. n.s. 
K (exch.) *** 
K(Hp) n.s. *** 
Ca (exch.) *** *** n.s. 
Ca(Hp) *** ** n.s. 

Mg (exch.) *** 
Mg(HpJ *** *** ** 
pH(H 20) *** *** n.s. 
pH (KCI) *** *** 

Discussion 

Our results supportTilman's ( 1982) ideas of geochemical 
specialization among plants within communities. Wedin & 
Tilman (1993) showed that grasses of the climax prairie 
decreased the soil nitrate concentration much stronger than 
early successional grasses. In our experiments Matricaria 
caucasica lowered nitrate concentration better than other 
species. It is of interest to note that M. caucasica occupied 
mainly open areas (gaps) after disturbance in alpine zone 
and is a weak competitor in closed communities (Onip
chenko & Rabotnova 1994 ). 

It is well-known, also for alpine communities, that 
Fabaceae increase the soil N concentration through nitro
gen fixation (Carr et al. 1980; Bowman et al. 1996). How
ever, among the Fabaceae only Hedysarum caucasicum 
had Rhizobium nodules while these were practically absent 
on Trifolium polyphyllum roots. Most of the species in
creased cation (Ca, Mg, K) contents and pH values. This 
seems to be related to the prevention of cation leaching and 
to nitrification - which leads to soil acidification after any 
disturbance. Both the soil in monocultures and in the 
control contained less Ca and Mg than the initial soil 

Table 3. Species which created the lowest and highest soil nutrient concentrations in the experiment, respectively. Dimensions for 
average values (AV): NH4, P, K, Ca, Mg - mg/kg; N02+N03-µg/kg. 

Soil properties Species creating the lowest concentration AV Species creating the highest concentration AV Control 

NH4 (exch.J 1Graxacum stevenii IO.I Hedysarum caucasicum 21.7 13.7 
Sibbaldia procumben.1 

NH,(Hp) Carex sempen·irens 7.1 Hedysarum caucasicum 20.8 9.8 
N(N02+NO,J Matricaria caucasica 210 Trij,,/ium po/_\J]hvllum 767 1466 
P(mobile) Festuca oi'ina 0.65 Hedysarum caucasicum 1.02 0.74 
K(exch.) Antennaria dioica 67 Festuca varia 90 82 
K(H 20) Antennaria dioica 29 Scor:onera cana 43 37 
Ca(exch.) Trifolium po!Jphrllum 318 Festuca ovina 442 370 
Ca(Hp) Hedysarum caucasicum 81 Festuca ol'ina 93 81 
Mg(exch.) Trifo/ium po/yphrllum 27 Festuca \'aria 40 27 
Mg(Hp) Trifolium polyphyl/um 10.9 Festuca \'aria 13.6 11.8 
pH(H20) Sibbaldia procumbens 4.69 Phleum alpinum 4.99 4.75 
pH(KCI) Antennaria dioica 4.27 Festuca ovina 4.43 4.27 
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Table 4. Soil nutrient concentrations under plants from differ-
ent families (for dimensions see Table 3); AST= Asteraceae; 
CYP = Cyperaceae; FAB = Fabaceae; POA = Poaceae. 

FAB AST POA CYP Control 

Ca(Hp) 86 87 91 90 81 
Ca(exch.) 330 386 429 367 370 
K(exch.) 74 79 85 76 82 
Mg(H,O) 114 121 129 118 118 
Mg(exch.) 277 298 358 285 268 
NH,(exch.) 168 112 116 106 137 
NH,(H,OJ 14.8 8.6 8.2 7.4 9.8 
N(NO,+NO,) 560 280 440 290 1466 
P(mobile) 0.89 0.77 0.70 0.74 0.74 
pH(KCI) 4.33 4.30 4.38 4.34 4.27 
pH(Hp) 4.78 4.77 4.88 4.82 4.75 

mixture. The more acid control soil contained 2-7 times 
more nitrate than soil under monocultures. Acidification 
and intensive nitrification are typical of disturbed soils 
without plants (Bormann & Likens 1979). 
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Abstract. A podzol chronosequence on freely-drained coastal 
dunes is used to illustrate a natural soil and landscape ageing 
process and the vegetation response over a time period of 
some 120 000 yr. Six dune ages were established using 
pedological and geomorphic evidence. Ages were estimated 
using optically stimulated luminescence techniques. On young 
dunes (dunes I -4, with a maximum age of 40000 yr for dune 
system 4) progressive plant succession to a 'climax' was 
observed. On the older dunes a run-down of vegetation biomass 
and system function was observed. The hypothesis developed 
is that old landscapes will show an accelerated run-down when 
disturbed. Examples from four old landscapes in Australia 
support the view that old landscapes tend not to fully recover 
following disturbance. Since old landscapes are common in 
many parts of the world these observations have implications 
for system resilience and rehabilitation. 

Keywords: Coastal dune; Cooloola; Disturbance; Parabolic 
dune; Podzol; Progressive succession; Retrogressive succes
sion. 

Introduction 

A podzol chronosequence on coastal parabolic dunes at 
Cooloola (subtropical, ca. 150 km north of Brisbane) has 
been shown to be closely associated with vegetation struc
ture and species composition (Walker et al. 1980; Thompson 
1981; Harrold et al. 1987). The chronosequence provides 
nine windows in time (three in dune system I and two in 
dune system 6), from the present back to before the last 
interglacial period, some 120000 years BP. The first three 
windows represent plant colonization from bare sand to 
sufficient vegetation to form a protective cover. The vege
tation succession through the younger dunes is character
ised by progressive increases in species richness, commu
nity structure and biomass. The older dunes exhibit retro
gressive succession where structure and biomass are greatly 
reduced, and species change from those characteristic of 
forests, to those of heath. From field observations we have 
inferred that changes to the plant assemblages on the freely 
drained dunes are associated with changes in access to 
soil nutrients. In the younger systems all the plant growth
forms can access the nutrients and progressive succession 
occurs. As the depth of nutrients in the Bhs horizon (Soil 
horizon which has humic deposits) increases (beyond 8-
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IO m) access to nutrients decreases and regressive succes
sion follows. Detailed dating using optically stimulated 
luminescence (OSL) dating techniques (Aitken 1998; Olley 
et al. in press) suggests that retrogression begins after ca. 
40000 yr in these dune systems. 

In this paper we develop the hypothesis that retrogres
sive successions are a common feature of old landscapes 
and provide some examples to support this view. The 
implications for management or rehabilitation of old land
scapes could be important since they may not return to their 
pre-disturbance state. 

Disturbance and recovery in progressive and retrogres
sive systems - a hypothesis 

Looking beyond Cooloola, and dune systems, what evi
dence exists to support the view that the pedological age of 
landscapes can be a major determinant of the range of 
landscape or ecosystem responses to disturbance and land
use. The link between vegetation structure and function to 
pedogenesis and landscape age, was recognized and de
scribed by early soil scientists, especially Jenny (1941 ). It 
is generally recognized that system instability may arise for 
many different reasons, including the type and intensity of 
disturbance impacts. Likewise different rates of recovery 
from disturbance can be expected from different soil and 
vegetation systems. Trudgell ( 1977) gives many examples 
of these kinds of responses. Here we focus on the differ
ence between pedologically old systems vs. young sys
tems, an area apparently little considered in ecological 
theory and in landscape management. 

Understanding vegetation responses in ancient landscapes 
is particularly relevant to Australia. Like many areas of the 
tropics Australia escaped the direct effects of the Pleistocene 
glaciations which destroyed the Tertiary landscapes and 
weathering mantles over much of the northern hemisphere. 
In these ancient landscapes where the rates of weathering 
have continued to exceed the rates of erosion, the residual 
products of weathering have formed thick soil mantles that 
generally lack weatherable minerals and have very low 
concentrations of available plant nutrients. The extensive 
areas of lateritic soils in Australia, and in the tropics gener
ally are examples. As secondary minerals form in the 
weathering zone, there is an initial increase in the availabil
ity of plant nutrients, but this rapidly decreases as the 
supply of weatherable minerals is depleted (Stark 1978). 
The vegetation response to such weathering is to initially 
show no direct selection pressure for nutrient conservation 
mechanisms in species mixes that characterize this stage. 
As weathering increases, availability of nutrients to plants 
decreases, and a trend towards those species with more 
efficient mechanisms for nutrient capture and retention, 
and lower vegetation biomass follows. The new system 
state may be stable, often due to tight nutrient cycling 
within the phytomass, and morphological and physiological 
adaptations of the species. However, such systems on old, 
nutrient-limited landscapes may be particularly vulnerable 
to the effects of disturbance, perhaps even to the extent of 
system collapse. For example, the failure of many rainfor-
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Fig. 1. In younger landscapes, after an impact such as clearing, 
the vegetation will return to the original state, whereas in an 
old landscape vegetation will only partially recover or col
lapse. 

ests on lateritic soils to regenerate following clearing 
and burning. Similarly, questions as to the probable ad
verse effects of log removal on the sustainability of both 
native and plantation forests on old landscapes in the 
humid tropics are gaining prominence. 

The hypothesis (see Fig. 1) is: a pedologically young 
system if disturbed, will tend to return to something similar 
to its previous state fairly quickly (multiple states could 
exist). An old system is unlikely to return to its pre
disturbance state, or a functionally similar variant, but will 
most likely regress. Responses to disturbance also change 
with progressive ageing and this is illustrated in Fig. I. 

The mechanisms controlling retrogression will vary from 
place to place. Some could have nutrient leakage problems 
similar to those at Cooloola, but on a different time scale. 
Others, due for example, to changes in soil physical prop
erties which affect water entry and storage (e.g. soil 
compaction, surface crusting etc.) will show different de
grees of retrogressive responses to disturbance. 

The following are some Australian examples of what we 
consider to be retrogressive systems. 

A regression in old tropical rainforest systems in North 
Queensland 

In this example. some soil properties associated with 
biological productivity and rates of nutrient cycling are 
compared across a series of stages of rainforest succession 

(a) (b) 

l ·o Si SQQ, 
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(in this case, succession that follow the abandonment of 
land that was cleared for agriculture). This study in lower 
montane tropical rain-forest systems on the Atherton Ta
bleland in north Queensland, is more fully described by 
Reddell et al. (in press). The data are for two soil types that 
are strongly contrasting in their inherent fertility, and that 
originally supported two very different rainforest structural 
types. One rainforest type (complex notophyll vine forest) 
dominates on soils developed from recent Quaternary ba
salt flows (nutrient-rich, comparatively young soils), the 
other is a simple notophyll vine forest typical of much older 
Palaeozoic meta-sediments (lower nutrient status, espe
cially P) in the area. Trends in microbial biomass, organic 
matter and soil bulk density (note that lower values repre
sent better bulk density, hence the data are inverted in 2c) 
are shown for the two forest types in Figs. 2 a-c. These 
measures of system state suggest that the younger system 
on basaltic soils is recovering towards the original state, 
but on the older soils derived from metasediments the 
rainforest succession does not indicate a full recovery and 
regressive succession is evident. The lack of recovery in 
this case is reflected in a limited ability to conserve soil 
carbon. 

Lack of recovery of hydraulic properties in a grazed Euca
l)ptus populnea woodland 

The soils in this extensive semi-arid woodland system in 
eastern Australia are so Ionized red-brown earths, so Ionized 
solonetz and solodic soils (Paleustalfs, Natrustalfs and 
Torrerts), and are derived from undifferentiated quartz 
sands, silts and gravels. For ca. I 00 yr this ancient land
scape has been used for widespread grazing of cattle and 
sheep, and more recently for wheat production. A decline in 
surface soil properties, including crusting is evident in 
many areas. As part of an experiment in plant population 
dynamics, started in 1966, some grazed areas were perma
nently fenced off from domestic livestock. Braunack & 
Walker ( 1985) investigated the recovery of the surface soil 
from compaction after fencing off for a period of 16 years. 
They used thin sections of the top I cm of the soil and 
quantified pore and particle sizes. The data indicated that 
the duplex red-brown earth soil showed little evidence of 
recovery from the compacted state. The changes to the 
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hydraulic properties (e.g. infiltration rates) favour woody 
species rather than the grasses present in the original wood
lands, and structural and functional changes follow. 

Remobilization of salt stored below the rooting zone in 
semi-arid ecosystems 

In arid and semi-arid areas of Australia, evaporation 
exceeds rainfall inputs by a large margin. These areas are 
also characterized by low slopes and hence low hydraulic 
gradients. Salts brought onto landscapes, either by acces
sion from rainfall or by wind, are leached vertically below 
the rooting zones of the native perennial vegetation. The 
lack of lateral movement results in a store of salt in the sub
soils. The salt hazard becomes a problem when land-use 
practices mobilize the salt laterally or vertically. Tree clear
ing since European settlement of Australia has induced a 
major change in recharge and hydraulic gradients in many 
landscapes. The resultant rises in the water tables brings 
salt upwards to within the rooting zone or in many cases to 
the soil surface. Salinization has a pronounced impact on 
the survival of the vegetation. If left alone retrogression 
goes towards a collapse of vegetation and bare salinized 
soil. Even if areas contributing to recharge and salt mobili
sation are planted with trees now, it is estimated that it will 
take centuries to re-establish a new equilibrium in the 
regional groundwater systems (Bari & Boyd 1994 ). 

Dieback in eucalypts as a regressive response to chanr;e in 
system state 

Dieback of isolated and small clumps of trees (seen as a 
reduction in leafiness of eucalypts and usually followed by 
death), is widespread in the New England tablelands of 
New South Wales. Dieback is often attributed to the massive 
and repeated defoliation of trees by leaf-eating insects, par
ticularly leaf beetles (chrysomelids) and christmas beetles 
(scarabs). Walker et al. ( 1983) interpreted the phenomenon 
as a predictable response of an old landscape to disturbance. 
The argument presented was that most soils on the tablelands 
are highly weathered, and the forests and woodlands under 
these conditions are highly dependent on recycling of 
nutrients. Most of the nutrients are associated with the 
organic matter in the A 1 soil horizon. Tree clearing, pasture 
improvements and subsequent domestic livestock grazing 
have changed the soil water balance, nutrient cycling and 
the soil biota. Accelerated decomposition of the organic 
material and subsequent loss of nutrients have placed the 
existing eucalypts under additional stress. The fact that 
dieback is generally absent from areas with younger soils 
away from the tablelands, lends support to the retrogres
sion hypothesis. 

Conclusion 

The Cooloola chronosequence implies that retrogressive 
succession is a natural ageing process. The examples quoted 
from other systems suggest that retrogressive mechanisms 
other than nutrition can operate. These include long term 
damage to soil structure and hence hydraulic properties, 
declining soil carbon fluxes and storage, rising water tables 

leading to the mobilisation of stored salt, and stresses 
caused by the interruption of tight nutrient cycling systems. 
Collapses in system function can occur to any system if it is 
impacted in a massive way. We are suggesting that lesser 
impacts are required in old systems to produce an irrevers
ible decline in system function. Retrogressive trends in 
ecosystems that occur on old landscapes may be common, 
but have received little attention in the ecological litera
ture. The practical implications arc that old landscapes 
have limited resilience to agricultural exploitation. Limited 
production potential of old landscapes has of course been 
recognised for many years. Less obvious is the possibility 
that rehabilitation of old landscapes may require establish
ing plant species that arc not typical of the pre-disturbed 
state. They may even function quite differently. Changing 
vegetation structure in this way changes habitat and there 
are implications for conserving endangered fauna or at
tracting back the original fauna - it may not be possible. 
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Abstract. The Thompson River drains a forested watershed in 
the southeastern escarpment region of the Blue Ridge Moun
tains in the states of North and South Carolina, USA. Data 
from 0. I-ha plots provided the basis for analysis of vegetation 
pattern within this watershed. We employed three types of 
vegetation data: cover classes for all vascular plant taxa, 
midpoints of the cover classes and midpoints of the cover 
classes standardized by species maxima. These data were 
analysed by two ordination methods, Detrended Correspond
ence Analysis (DCA) and Non-metric Multidimensional Scal
ing (NMDS). The similarities between ordinations generated 
by these methods, as evaluated by Procrustes analysis, varied 
with the type of data used. We also compared ordinations to 
determine how effectively each method identified outliers. 
Because the underlying structure of these data was unknown, 
such comparisons were of limited utility for evaluation of the 
effectiveness of the methods used. To address this problem, we 
created simulated data with attributes matching those of the 
real data, then we tested the ability of the ordination methods 
to capture patterns inherent within the simulated data. 
Ordinations using NMDS proved significantly better than 
those using DCA in recovering the underlying structure of the 
simulated data; both methods performed best with the original 
cover class data and worst with the midpoint transformation. 

Keywords: Data transformation; Detrended Correspondence 
Analysis; Non-metric Multidimensional Scaling; Ordination; 
Procrustes analysis; Simulation; Thompson River watershed. 

Introduction 

Quantitative vegetation analysis aims to reveal and sum
marize trends and relationships in complex, multivariate 
data describing community composition and environment. 
Such analysis should lead to better understanding of the 
natural systems that the data represent and may lead to the 
generation of hypotheses about causal relationships. Among 
quantitative approaches, indirect ordination methods are 
widely used to detect compositional trends in vegetation 
data. The aim of these methods is to present in relatively 
few dimensions the dominant or latent patterns present in 
highly dimensional data representing the abundances of 
species across an array of sampling units. Indirect ordina
tion methods create spatial arrangements (ordinations) of 
sampling units in one or more dimensions, in which the 
distances between sampling units in the ordinations are 

related to their compositional dissimilarity. 
Detrended Correspondence Analysis (DCA; Hill & Gauch 

1980) and Non-metric Multidimensional Scaling (NMDS) 
are presently the two most popular methods for indirect 
ordination. The widespread use of DCA is partly due to its 
ease of use, computational efficiency and extensive distribu
tion of the program DECORANA (Hill 1979). NMDS, 
although developed in the early 1960s (Shepard I 962; Kruskal 
1964a, b ), has been less commonly applied in ecological 
studies (Minchin 1987), possibly because it has been less 
widely available in software packages, requires considerable 
training or experience to use correctly, and is computationally 
intensive. However, NMDS has become increasingly well
represented in the plant ecology literature (e.g., Oksancn 
1983; Kantvilas & Minchin 1989; Tueller et al. 1991). 

Our goal was to compare the efficacy of DCA and 
NMDS as evidenced by their abilities to capture patterns 
inherent in vegetation data. We wished to first compare the 
results of applying the two ordination methods to a familiar 
real data set. However, ordinations of real data are difficult 
to evaluate objectively because the underlying structure of 
the data is unknown (Minchin 1987). Indeed, few pub
lished papers have compared ordination methods using 
real data for this reason. Thus we also wished to compare 
the results of these methods using simulated data. Objec
tive comparison of ordination methods applied to simu
lated data ( e.g., Swan 1970; Austin 1976; Kenkel & Or loci 
1986; Minchin 1987) is relatively straightforward because 
the underlying structure of the simulated data is known. 
However, vegetation scientists may be uneasy about adopt
ing an ordination method simply because of its outstanding 
performance with simulated data. Simulated data may fail 
to capture structures inherent in real data. For this reason, 
we attempted to create simulated data with properties match
ing those of real data for use in our ordination comparisons. 
Our final objective was to compare the results of using 
various data transformations on the outcome of ordinations 
performed on both real and simulated data. 

Study area 

The original data used in this study come from the 
Thompson River watershed, a 35 000 ha forested area in the 
southern Blue Ridge mountains, in the states of North and 
South Carolina, USA. The typical forest cover in this 
region consists of broad-leaved winter-deciduous species, 
with oaks (genus Quercus) the most dominant and wide
spread. The landscape is characterized by high annual 
precipitation(> 200 cm/yr), and moderate elevations (aver
aging ca. 800 m). The entire watershed has experienced 
moderate to high levels of anthropogenic disturbance, 
mostly the result of logging. 

Field methods 

Data were collected from IO I 0.1-ha plots located by a 
stratified-random procedure throughout the Thompson 
River watershed. A0.25km x 0.25 km grid was established 
on a map of the study area. Each of the ca. 700 points in this 

• 
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grid was placed into one of 48 strata defined by combina
tions of three elevation classes, four aspect classes and four 
topographic position classes. Two points were drawn at 
random from each of the strata and plots were established 
at these points unless they were found to be disturbed by 
recent (within 40 yr) human activity; when a point was 
rejected, it was replaced by another selected at random 
from the same stratum. A few additional plots were also 
established to represent topographic situations not readily 
fitting into the stratification scheme. Abundance data for 
247 vascular plant species were converted to a 10-class 
estimated cover scale (similar to that used by Peet et al. 
1998), as follows: 

l =0-0.5%; 2=0.5- l %; 3= l-2%; 4=2-5%; 5=5-10%; 6= l0-25'7c; 7 

=25-50o/c; 8=50- 75o/c; 9=75-95o/c; 10=95-100%. 

Because the cover classes approximate a geometric series, 
these data were, in effect, a transformation of actual cover 
measurements in which the dominant species are de-em
phasized. The cover class data were also transformed to 
create two additional data sets. One transformation in
volved substituting the percentage midpoint of each cover 
class for the cover class itself (hereafter referred to as 
midpoint data), re-emphasizing the importance of domi
nant species. The other transformation involved standardi
zation of the percentage midpoint data to species maxima 
(i.e., all abundances for a given species across sampling 
units were divided by the maximum abundance for the 
species, hereafter referred to as standardized data). This 
transformation permitted all species to contribute in a 
similar fashion to the ordination outcome. 

Simulated data 

Simulation was accomplished using the program 
COMP AS v. 3.40 (Minchin 1997, public domain software). 
The approach taken by COMPAS in simulating vegetation 
data amounts to creating a Gleasonian universe (i.e., one 
in which species respond individualistically to environ
ment) of specified dimensionality and then overlaying a 
sampling design within this universe. Species response 
curves are allowed to extend beyond the sampling region. 
This is an important feature to consider when simulating 
vegetation data, since in real data species are often repre
sented only by the tails of their response curves. We 
attempted to create simulated data with properties similar 
to those of the real data from the Thompson River water
shed. Although many properties were available, we chose 
to focus on distributions of species frequency and abun
dance, ~-diversity (compositional turnover) and species 
richness. Arriving at a simulated data set with properties 
matching those of the original data required a trial-and
error approach. COMPAS allows the user to specify re
sponse curves for a species group, which is a set of 
species with similar responses. We opted to define species 
groups based on maximum abundance and range as ob
served in the real data. A direct gradient is required to 
describe the range of a species. We selected three domi
nant and orthogonal environmental variables that had 

been previously identified as important in this watershed. 
All response functions were unimodal and symmetrical 
and contained neither quantitative nor qualitative noise. 
Other options in COMPAS were manipulated to create data 
sets with characteristics matching those of the real data. As 
an example, the modes for all species in a group could be 
assigned to a random, normal, exponential, gamma, or 
lognormal distribution as we attempted to match properties 
between simulated and real data. Our sampling pattern was 
a uniform 3-dimensional grid of I 00 sampling units, nearly 
identical in size to the original data set ( 101 plots). Because 
the simulation procedure used has stochastic elements, we 
created 10 simulated data sets for analysis. Only the cover 
class data were simulated; the two transformations of the 
cover class data were derived directly from the cover class 
simulations. Readers interested in further details regarding 
COMPAS options used to create simulated data are encour
aged to contact the authors. 

We used several analytical tools to evaluate differences 
among ordination results. Procrustes analysis was used to 
determine the true difference between any two ordination 
results by eliminating trivial differences related to rigid 
rotation of the axis system, inversion, dilation or contraction 
of the ordination space, or shifting of the origin. The residual 
mean square (RMS) statistic quantified the residual, non
trivial differences between two ordinations as the mean of 
squared distances between corresponding sampling units in 
the two ordinations after Procrustes fitting. RMS-values 
below 0.1 are considered to represent situations where the 
ordinations could be considered essentially identical. We 
were also interested in the way in which the ordination 
methods handled outlier plots in the real data. Outliers were 
identified by determining the average distance of each sam
pling unit to all others. Sampling units lying more than two 
standard deviations from the average of such distances for all 
sampling units were considered outliers. 

Ordinations 

DECODA v. 2.05 (Minchin 1994) was used for imple
mentation of NMDS and Procrustes analysis. DECO
RANA (Hill 1979) as corrected by Oksanen & Minchin 
( 1997) was used for implementation of DCA. Previous 
work with the Thompson River data, combined with 
experience gained from work with NMDS ordination, 
indicated that the latent structure of these data could be 
summarized in three dimensions. Thus we compared in 
all cases the first three dimensions of DCA ordination 
with the results of a three-dimensional NMDS ordina
tion. DCA was performed with detrending by segments. 
Downweighting of rare species was performed to reduce 
distortions in DCA due to the inherent properties of its 
x2 distance measure. The Bray-Curtis measure of dis
similarity (Bray & Curtis 1957) was used with NMDS. 
Starting configurations for NMDS were determined ran
domly. Since NMDS solutions can become trapped in 
local minima, IO random configurations were gener
ated. The NMDS solutions resulting from each of these 
10 starting configurations were compared to one another 
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Table 1. Root mean square (RMS) statistics for comparisons 
of ordinations using Non-metric Multidimensional Scaling 
(NMDS) and Detrended Correspondence Analysis (DCA). 
For each analysis using real data, the DCA ordination was 
Procrustes fitted to the NMDS ordination and the RMS-value 
represents the non-trivial difference between the two 
ordinations. For the analyses with simulated data, IO different 
simulated data sets were created; the DCA ordination for each 
was Procrustes fitted to the corresponding NMDS ordination 
and the mean RMS-values (± SE) are presented. 

Transformation 
Cover class 
Standardized 
Midpoint 

NMDS vs. DCA ordinations 
Real data (n = 1) Simulated data (n = I 0) 

RMS 
0.182 
0.268 
0.277 

RMS ±SE 
0.117 ±0.023 
0.227 ±0.029 
0.286 ±0.021 

(with Procrustes analysis) to detect differences indicat
ing aberrant solutions. The Procrustes analyses indicated 
insignificantly small differences among the IO solutions, 
so we chose one of these at random for use in our analyses. 

Results 

Analyses of real data 
The NMDS and DCA ordinations of the cover class data 

were moderately different, with an RMS-value of 0.182 
(Table I). Both ordinations placed the outlier stands previ
ously identified in marginal positions, a desirable outcome. 
The two ordinations of standardized data differed substan
tially; the RMS-value for this pair was 0.268, appreciably 
higher than the RMS-value for the untransformed cover 
class pair (Table I). However, both ordinations appeared to 
have identified the outliers well. The two ordinations of the 
midpoint data were also quite different from one another, 
with an RMS-value of 0.277, similar to that for the two 
ordinations of standardized data. Both ordination methods 
placed outliers on the peripheries of their respective 
ordinations, but separation of outliers from other stands was 
not a, evident as it was in ordinations of the other data types. 

Analyses of simulated data 
The simulated cover class data compared favorably with 

the real data from the Thompson River watershed. The 
simulated data had essentially the same number of plots 
(I 00) and total species (259) as did the real data (IO I and 
247, respectively). We also obtained what we believed to be 

good matches for the rank-distributions of both frequencies 
and abundances, based on inspection of frequency vs. rank 
and abundance vs. rank graphs. However, the two data sets 
differed in other respects. The mean species richness per plot 
of the simulated data (86.3 species) was nearly twice that of 
the real data (47.0 species). Beta diversity, computed as total 
species divided by the mean species richness per plot minus 
one (Whittaker 1960), was considerably higher in the real 
data (5.36) than in the simulated data (3.04). 

In evaluation of the ordinations of simulated data, the 
original sampling grid served as a known reference to the 
inherent structure of the data. Ordination success was 
evaluated by determining how well this known structure 
was recovered. Accordingly, RMS-values were computed, 
following Procrustes fitting to the known structure. 

With cover class data, both ordinations captured the 
underlying structure of the simulated data without serious 
distortion. Indeed, the mean RMS-value of 0.112 for the 
NMDS ordinations of cover class data (Table 2) approached 
the value of 0.10 generally considered to represent two 
ordinations that are essentially identical. The mean RMS
value of 0.166 for the DCA ordinations indicated that this 
method was somewhat less successful in capturing under
lying structure. 

With the standardized data, the NMDS method was some
what less successful in capturing the underlying data 
structure, with the mean RMS-value increasing by ca. 
20% to 0.134 (Table 2). However, the DCA ordinations of 
these data substantially distorted the underlying structure 
(mean RMS= 0.267). The DCA ordinations of the stand
ardized data compared unfavorably with the DCA ordina
tion of the cover class data and were clearly much poorer 
than the NMDS ordinations of either the cover class data 
or the standardized data. The midpoint data challenged 
both ordination methods. Nonetheless, NMDS, with a 
mean RMS-value of 0.216 (Table 2), in this case per
formed much better than did DCA, which delivered a 
highly distorted product (mean RMS= 0.360). 

In summary, mean RMS-values for NMDS ordinations 
were significantly lower than those for DCA conducted on 
the same data sets, as evaluated with t-tests (Table 2), 
indicating better performance of NMDS. Across data types, 
both methods performed best with the original cover class 
data, more poorly with the standardized data and most 
poorly with the midpoint data. As ordination performance 
declined, the difference between results of the two ordina
tion methods also increased (Table I). 

Table 2. Root mean square (RMS) statistics for comparisons of ordinations using Non-metric Multidimensional Scaling (NMDS) 
and Detrended Correspondence Analysis (DCA) applied to simulated data. IO different simulated data sets were created; the NMDS 
or DCA ordination for each was Procrustes fitted to the known sampling distribution and the RMS value represents the nontrivial 
difference between the ordination and the sampling distribution. All RMS values presented are means(± SE) (11 = 10). 

Transformation 

Cover class 
Standardized 
Midpoint 

NMDS vs. Distribution 
RMS ±SE 

0.112 ±0.004 
0.134 ±0.004 
0.216 ±0.009 

DCA vs. Distribution 
RMS ±SE 

0.166 ±0.022 
0.267 ±0.025 
0.360 ±0.018 

Comparison of RMS Means 
r-value p-value 

2.34 
5.31 
7.29 

0.0419 
0.0004 

< 0.0001 

t' 
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Discussion 

We were struck by the difficulty of arriving at objective 
criteria for assessing efficacy of ordinations conducted on 
real data. Although it was possible to determine how differ
ent two ordinations were from one another, the lack of an 
objective benchmark made such comparisons difficult to 
interpret. However, we did find that the ordinations on the 
real data varied from being quite similar to one another (the 
case with cover class data) to being more dissimilar (the case 
with the two transformed data sets). Although outliers ap
peared to be reasonably well delineated in most ordinations, 
it was difficult to determine from visual inspection whether 
one ordination or another performed better in this respect. 

Simulated data offered the potential for evaluating ordina
tion success in recovering known structures. We found that 
NMDS was superior to DCA when used with the simulated 
cover class data or either of its transformations. This work 
complements a growing body of results from Minchin ( 1987) 
and others suggesting that NMDS is indeed a method supe
rior to DCA for ordination analysis of community data. In 
addition, both methods performed poorly with the midpoint 
data and both performed much better with the original cover 
class data. Superior performance with this popular approach 
to assessment of vegetation abundance is encouraging, while 
the poorer performances with transformed versions of the 
cover data suggest that these data types are less useful, at 
least in ordination analyses. 

Construction of simulated data with properties matching 
those of real data proved challenging. While we were 
successful in matching certain properties well (number of 
plots, total number of species, rank-distributions of fre
quencies and abundances), this matching could only be 
achieved by allowing other properties (average species 
richness per plot, ~-diversity) to differ substantially. Intro
duction of qualitative error (stochastic conversion of ex
pected abundances to zero) into the simulated data would 
have permitted better matching of the richness and beta 
diversity measures, but would have reduced our ability to 
match the other properties. Our simulated data thus repre
sented a compromise among desired attributes. 

An interesting parallel emerged in our comparison of the 
results of ordinations on both real and simulated data. The 
transformation (midpoint) that proved most challenging for 
the ordination methods when applied to simulated data 
(Table 2) also resulted in the greatest disparities of results 
when the two ordinations were applied to either real or 
simulated data (Table 1 ). It would be of interest to determine 
if this is a general rule that can be applied to all ordinations. 

We continue to work with ordination comparisons using 
both real and simulated data. We are examining other data 
sets and, in the case of simulations, we are exploring use of 
skewed (as opposed to symmetric) response curves, intro
duction of noise, and other properties that may be matched 
with properties of real data sets. In any comparison or 
testing of analytical methods, we believe that it is particu
larly important to create simulated data with structure 
emulating that of real data, and to conduct parallel analyses 
of both real and simulated data. 
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Abstract. The conceptual niche model is implicit in several 
theories in vegetation science, population ecology, bio
systematics and speciation. Whittaker and Austin have dem
onstrated that the response of a single species to environmen
tal gradients can explicitly link the conceptual models of a 
vegetation continuum and the realized niche of a species. 
Whittaker has suggested that a bimodal response may indicate 
segregation in subpopulations with distinct genetics ( ecotypes ). 
This study used General Additive Models (GAM) and Gener
alized Linear Models (GLM) to evaluate if two interbreeding 
taxa (Rhododendron arboreum ssp. arboreum and ssp. cinna
momeum) had two distinct realized niches with respect to 
temperature. The species Rhododendron arhoreum did not 
have a bimodal response to temperature. The two subspecies 
increased from either end of the temperature gradient towards 
the middle, when plots in which the taxa were actually grow
ing were analysed. Only ssp. arboreum showed a weak 
unimodal response to temperature. Both subspecies showed 
unimodal responses to temperature when plots where the 
target taxa did not occur were included in GLM and GAM. 
The ecological or biosystematic interpretation depend on the 
numerical approach. which illustrate the problem of formaliz
ing the conceptual niche concept. This demonstrates that the 
development of vegetation theory is lagging behind the rapid 
advances in numerical techniques. 

Keywords: Elevation gradient, Himalaya, Nepal, Niche sepa
ration, Rhododendron arboreum. 

Introduction 

The bell-shaped response curve for species along envi
ronmental variables is a well- excepted model in vegetation 
theory (Whittaker 1956; Gauch & Whittaker 1972; 
Jongman et al. 1987). Whittaker ( 1956, 1967) and Austin 
( 1985) have argued that such response curves can be 
viewed as a unidimensional realized niche of a species. 
This may bridge the conceptual models of a vegetation 
continuum with biosystematics theory. A proper ecologi
cal niche is one of the characteristics of a biologically 
defined species (sensu Mayr 1982), and is the main crite
rion for the ecological species concept (sensu van Valen 
1976; Andersson 1990). 

The Gaussian optimum curve is, however, an idealized 
model, and asymmetric and bimodal curves have been 
demonstrated by several authors (Whittaker 1967; Werger et 
al. 1983; Austin et al. 1990; Bio et al. 1998). Whittaker 
( 1967) has suggested that deviation from a unimodal bell
shaped response, such as bimodal, may indicate segregation 

in subpopulations with distinct genetics, (ecotypes or sub
species). Bimodality is, however, not so easy to detect with 
the curve fitting procedure currently applied, such as Gen
eralized Linear Models (GLM: Nelder & Wedderburn 1972; 
Austin et al. 1990). In this respect the non-parametric 
extension of GLM, Generalized Additive Models (GAM: 
Hastie & Tibshirani 1990) is an improvement since it allows 
the data to determine the shape of the response curve. Thus 
bimodality or asymmetry can easily be detected. 

This study aims to evaluate if two subspecies of 
Rhododendron arboreum have distinct realized niches with 
respect to temperature. This was done by checking for (I) a 
bimodal structure in R. arboreum and (2) a bell-shaped 
unimodal response in the two subspecies. The effect of 
including plots where the target taxa do not occur is dis
cussed in relation to the ecological and biosystematical 
interpretation. 

Material and Methods 

Area and taxa 
The sampling took place along an elevation gradient 

from 1500 m a.s.l. up to 3600 m following the Dudh 
Kkoshi river in the Solu-Khumbu District in East Nepal 
(27° 30' -50' N and 86° 40' -50' E). The upper part of the 
gradient (> 3200 m a.s.l.) is within the Mt. Everest Na
tional park and has a cool temperate climate, whereas a 
warm temperate climate is found at lower elevation. The 
area has a monsoon climate where 80% of the precipitation 
falls during the summer season (May to October) (ca. I 000 
- 2000 mm/yr). However, short showers are common dur
ing winter, falling as snow above 2300 m a.s.l. 

The climate station closest to the lowest sampling point 
(Okladunga at 1720 m a.s.l.) has a mean annual tempera
ture of 16.4 °C, and average minimum and maximum tem
peratures of 5.4 °C (January) and 23.1 °C (July) respec
tively. The highest station (Tengboche at 3800 m a.s.l.) has 
an annual mean of 3.9 °C, and average minimum and 
maximum temperatures of -I 0.1 °C and 14.3 °C respec
tively. 

The forests along the gradient from 1500 m a.s.l. to 2900 
can be classified as 'Low to Mid-Montane Hemi
Sclerophyllous Broadleaf Forest' (Singh & Singh 1987). 
The canopy dominants are evergreen oak trees, such as 
Quercus glauca, Q. lanata, 0. lamellosa and Q. seme
carpifolia, with a subcanopy layer of Rhododendron 
arboreum Sm. and phanerophytes belonging to the Lauraceae 
(cf. Dobremez 1976; Vetaas & Chaudhary 1997). Above 
2900 m a.s.l. there is woodland dominated by Abies 
spectabilis, Rhodendron arboreum, R. wallichi and shrubs 
mainly Juniperus spp. (Dobremez 1976). 

The area can be regarded as a cultural landscape where 
the forests are often 'islands' in a matrix of fields and 
grasslands. The forest patches sampled were of varying 
size and often situated adjacent to vegetation modified by 
human activity. 

Rhododendron arboreum is a large tree-forming Rhodo
dendron in the subgenus Hymenanthes. The two target sub
species, R. arboreum ssp. arboreum and ssp. cinnamomeum, 

If 
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have different indumentum on the lower surface of the 
leaves. Spp. arboreum has a silvery to grey compacted 
indumentum and ssp. cinnamomeum has a loose 
indumentum with a brown to dark rusty brown colour 
(Chamberlain 1982). Biogeographically the subspecies 
differ: ssp. arboreum is most common in the western 
Himalaya and ssp. cinnamomeum, in the eastern. Their 
distributions overlap in East Nepal and adjacent India and 
Bhutan, where ssp. arboreum is more common at lower 
elevations and ssp. cinnamomeum higher up. 

Sampling and analyses 

A total of I 03 plots of 0.1 ha were sampled in the spring 
of 1997 in the valley which leads to Mt. Everest base camp. 
Due to topography and the cultural activity it was not 
possible to sample all I 00 m intervals systematically along 
one transect (slope). Thus a sequence of 100 m intervals 
may not necessarily be geographically close, which breaks 
the continuous relation between geographical space and 
elevation/temperature as in classical direct gradient analy
ses (Whittaker 1967). Five plots were sampled at each 
I 00-m interval according to the following scheme: a 
mature Rhododendron arboreum in the forest adjacent to 
a well-established footpath was used as the middle point 
of the first plot at a pre-defined elevation interval (e.g. 
1500-1600 m, etc.). This plot was used as the starting point 
for the subsequent four plots, which should be at the same 
elevation with a minimum horizontal distance of 30 m 
between. Due to inaccessible terrain (e.g. inclination> 50 
% ) the distance between the plots varied from 30 to 200 m. 
The number of individuals were counted in each plot, and 
the altitude noted. A local temperature lapse rate was 
estimated (five stations) to be 0.56 °C per 100 m - the 
national lapse rate for annual mean temperature is 0.51 °C 
( cf. Dobremez 1976). 

Numbers of individuals were square-root transformed 
prior to regression analysis in order to reduce over
dispersion. Two analyses were made for each taxon; with 
and without plots where the target taxon did not occur. 
General Additive Models (GAM: Hastie Tibshirani 1990) 
were used to determine whether R. arboreum has a bimo
dal response to temperature. The same method was used 
to check if the two subspecies have a unimodal (bell
shaped) response. A cubic spline smoother (4 dt) was 
used in GAM, which allows the data to determine the 

Table 1. Smoothed temperature predictor in GAM for (A) 
Rhododendron aboreum, (B) R. aboreum ssp. cinnamoeum, 
and (C) R. aboreum ssp. arboreum. p < 0.001 in all cases. 

Deviance explained F-value Absence values 

A 39.94 17.61 Excluded 
40.72 18.50 Included 

B 47.15 11.71 Excluded 
51.40 27.96 Included 

C 40.41 9.87 Excluded 
66.67 52.00 Included 

shape of the response curve instead of being limited by 
shapes available in parametric regression. 

If bimodal or unimodal responses were detected para
metric tests were made using Generalized Linear Models 
(GLM; McCullagh & Nelder 1989). Unimodality was evalu
ated by testing the significance of a model including a 
second order term against a linear model. Bimodality was 
evaluated by testing the significance of a model including a 
third and fourth order term against a unimodal model. 
Overdispersion was generally high; this means that an F
test (Chambers & Hastie 1993) is required. 

All GAM and GLM analyses were made with both an 
assumed Gaussian and a Poisson error distribution. The 
Anscombe residual from each test was compared by draw
ing a diagnostic Q-Q-plot (Chambers & Hastie 1993). 
This indicated that the Poisson model was best for GLM 
and the Gaussian for GAM, although the differences were 
not large in either analysis. All analyses were performed 
using the S-plus program version 3.3 (Anon. 1993). 

Results and Discussion 

There was no sign of a bimodal structure in the response 
curve to temperature when the two subspecies were ana
lysed together with GAM (R. arboreum) (Fig. I). A clear 
unimodal response was confirmed in GLM by a highly 
significant second-order polynomial and a nonsignificant 
third order polynomial. A slight skewness (not significant) 
will appear in Fig. I if the data were not square-root 
transformed and analysed with a log-link function (Poisson 
error). 

Subspecies arboreum has a unimodal response to tem
perature in the GAM analyses where absence values were 
excluded, but subspecies cinnamomeum has a positive log
linear trend (Fig. 2a, c). The significance of the unimodal 
response in GAM of ssp. arboreum (Fig 2c) was confirmed 
by a significant second order term in GLM, but this relied 
solely on the two samples with low values (at 2650 m a.s.l. 
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Fig. 1. Response model for Rhododendron arboreum with 
smoothed annual mean temperature as predictor in GAM (cf. 
Table I). 
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Fig. 2. GAM analyses with smoothed annual temperature as predictor and subspecies cinnamomeum (a and b) and arboreum (c and 
d) as responses. ( e) is based on the combination of (a) and (c) without absence values; (f) is based on the combination of (b) and (d) 
combined with absence values (cf. Table I). Interrupted lines (a and c) are linear models (GLM). 

= I 0.2 °C). However, this may be the result of a too low 
sampling intensity in the zone of overlap (2500-2800 m). 
Both subspecies have pronounced bell-shaped responses in 
the GAM analyses where absence values were included 
(Figs. 2b, d). A significant second-order polynomial in 
GLM confirmed this pattern. 

The ambiguous niche concept ( cf. Smith 1990) is to 
some extent clarified when the unidimensional niche is 
linked to the unimodal response model. Accordingly, two 
subspecies with distinct realized temperature niches should 
have a differentiated unimodal response to temperature. 
Although segregation in temperature was not revealed by 
a bimodal pattern at the species level, the two subspecies 
showed clear differentiation with a small overlap along 
the temperature gradient when analysed separately. By 
combining the graphs where absence values are included 
(Fig. 2b and 2d) two distinct temperature niches are found 
(Fig. 2f). The analyses without absence values, however, 
indicate that the subspecies do not show a properunimodal 
response (Fig. 2e). 

It makes sense to include plots where the target taxa do 

not occur in analyses of species-environment responses as 
the species response curve along a given ecological vari
able may simply appear as the frequency distribution of 
that particular ecological variable if only plots where the 
species occur are included (Kershaw & Looney 1985: 29). 
A normal or skewed frequency distribution is common for 
environmental variables (Jongman ct al. 1987), but tem
perature in this study is uniformly distributed. 

The species R. arboreum has a clear unimodal response 
to temperature and a very long temperature range ( 12 °C) 
(Fig. I). It is quite natural that different morphological 
attributes (i.e. leave indumentum) have evolved in a species 
which grows from the warm temperate zone up to the sub
alpine zone, which justifies the splitting of the species into 
two subspecies. The fact that the subspecies have distinct 
realized niches (if we except the inclusion of absence 
values), may also be used as a guide to judge the taxonomic 
status of the subspecies. A proper ecological niche is an 
important characteristics of the species concept, defined 
biologically (sensu Mayr 1982) and ecologically (sensu 
van Valen 1976; Andersson 1990). Following this rationale 
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one may argue that the two subspecies are actually two 
genuine species. Absence values in systematics, however, 
have a totally different meaning than in ecological analyses 
(cf. above). The ecological condition at the site of an 
individual should be regarded as a character of the indi
vidual in the same way as a morphological character. 
Accordingly, it does not make sense to include a character 
value for an individual that is not present. 

In this respect the potential of the niche concept to link 
theory in vegetation science and systematics is not straight 
forward. Those who advocate an ecological species con
cept (van Valen 1977; Andersson 1990) should also be 
aware of the difficulties in defining a niche. The shape of 
the response curve, i.e. the niche, will depend on subjective 
choices by the investigator, e.g. number of plots where the 
target taxa do not occur. Although a niche for a taxon can be 
easily estimated by regression techniques, such as GLM 
and GAM (Austin et al. 1990, 1997; Yee & Mitchell 1991; 
Bio et al. 1998), the above interpretations illustrate the 
problems of formalizing the conceptual niche model into a 
more graphical or mathematical model valid within differ
ent biological disciplines. Since the results in this case 
depend on the numerical approach it demonstrates that the 
development of vegetation theory is lagging behind the 
rapid advances in numerical regression techniques. 
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Abstract. Selected changes in the vascular plants of the forest 
floor over periods of 15 to 30 yr are described from four sites 
in southern England. Examples are presented of changes in 
species-richness driven by stand dynamics, recently-felled 
stands having a high richness; richness may also increase after 
thinning and decrease if a dense understorey develops. Changes 
in ground flora composition, decreases of formerly common 
species and increases of formerly rare species are described 
for other woods following increased deer grazing. For two 
woods data are presented showing high species turnover at the 
stand level, but relatively little change when the results for the 
whole set of quadrats were combined. Implications for the 
managers of nature reserves include the desirability of moni
toring the ground flora as well as tree and shrub dynamics; the 
need to consider common as well as rare species if only 
selected species are to be used as possible indicators of change; 
and the need to monitor at both stand and whole-site levels 
because different sorts of change are detected at each. 

Keywords: Monitoring; Deer grazing; Woodland ground flora. 

Nomenclature: Stace (1991 ). 

Introduction 

Considerable effort has gone into studying the growth 
and turnover of tree populations, as illustrated by the 
number of long-term plots in unmanaged woodland, in 
which the fate of individual trees can be followed (e.g. 
Peterken & Jones 1987; Peterken & Backmeroff 1988). 
Variations over time in the woodland ground flora (all 
vascular plants less than 2 m high, except regeneration of 
trees and shrubs) have been less studied in England. The 
ground flora may change at different temporal and spatial 
scales to the trees; for example high turnover rates have 
been recorded for the ground flora from permanent plots 
and small-scale patterning is found around tree bases and 
root-plates (e.g. Barkham 1992; Buckley et al. 1994). 

From a nature conservation perspective such long-term 
changes must be appreciated. We may wish to maintain the 
characteristic flora of a particular site, but did the species 
have the same abundances twenty years ago; if species 
abundances change over the next ten years is this part of a 
cyclical fluctuation on the site or is the composition of the 
wood changing irreversibly? Data collected by myself, 
colleagues and predecessors from four woods in southern 
England illustrate issues that need to be considered by 
reserve managers. 

Sites and Methods 

The field data presented illustrate the response of the 
ground flora to different treatments and impacts over peri
ods ranging from 15 to 30 years. The data, consisting of 
species lists and cover-abundance for the ground flora, are 
from the following sites. 
I. Orlestone Forest (Kent) (ca. 20 ha sampled) - a mixed 
wood of Carpinus betulus and Quercus robur, partially 
replanted with even-aged stands of Pinus spp., Picea abies 
and Fagus sylvatica. Five 200 m2 quadrats were recorded 
at random positions within each of seven stands on three 
occasions, 1983, 1991, 1998 (Kirby 1990; 1993). 
2. Monks Wood (Cambridgeshire) ( 157 ha )-a mixed wood 
of Fraxinus excelsior, Acer campestre and Corylus ave Ilana, 
coppiced until the beginning of this century, but subse
quently allowed to grow-up as unmanaged high forest. The 
abundance of eight ground flora species was compared using 
separate samples of thirty-six 400 m2 quadrats recorded in 
1966 and 1996 (Crampton et al. 1998). 
3. Wytham Woods (Oxfordshire) (320 ha)- a mixed wood, 
predominantly of Fraxinus excelsior, Acer campestre, and 
Cory/us avellana, but with a varied structure and manage
ment history. One hundred and sixty -three I 00 m2 perma
nent quadrats were recorded in 1973/4 and 1991 (Dawkins 
& Field 1978; Thomas & Kirby 1992; Kirby et al. 1996; 
Kirby & Thomas 1999). 
4. The Warburg Reserve (Oxfordshire) (100 ha)- a mixed 
wood of Fagus sylvatica and Fraxinus excelsior with a 
varied structure and management history. 96 1 OO-m2 per
manent quadrats were recorded in 1974 and 1992 (K.J. 
Kirby & R.C. Thomas unpubl. data). 

Results 

Orlestone Forest 
Mean species richness varied between stands and over 

time depending on the stage in the growth cycle that each 
stand was at, at each recording time (Table I). Species
richness increased after felling and then declined as the 
canopy closed; but thinning of stands or development of a 
woody understorey also tended to increase or decrease 
richness respectively. 

Monks Wood 
Between 1966 and 1996 six of the eight ground flora 

species showed large changes in frequency, most notably the 
decline in Mercurialis perennis and increases in Poa trivia/is 
and Brachypodium sylvaticum (Table 2). The change in 
frequency in Rubusfruticosus was not significant, but it had 
declined in abundance: at least up until 1973 it formed 
thickets 0.5- 1.0 m high in much of the wood. In the 1996 
quadrats Rubus was present only as individual stems less 
than IO cm high. 

Wytham Woods and The Warburg Reserve 

There was a high turnover of species in individual quadrats 
(Table 3), as indicated by the high number of species in 
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Table 1. Changes in the mean species-richness ( vascular plants) 
over a 15-yr period for different stands in Orlestone Forest, 
Kent. 

Tree crop Age in 1983 Mean species no per 25 rrt 
(yr) quadrat (n = 5 )(SE in brackets) 

1983 1991 1998 

Quercus-Carpinus 70 6.2 ( 1.0) 7.0 (1.6) 3.6 (0.9)·' 

Pinus spp. 34 10.0 (I. I) 8.2 (0.7) 5.0 (0.7)" 

Pinus spp. 20 7.6 (1.3) 3.6 (0.4)' 5.8 (1.6) 

Pinus spp. 3 14.0 (0.4) 11.4 ( 1.7)" 5.6 (0.8) 

Picea spp. 32 8.6 ( 1.3) 14.4 ( 1.0)' 5.6 (1.0) 

Picea-Tsuga spp. 21 1.2 (0.2) 3.2 ( 1.7) 12.0 (1.0) 1 

Quercus-Fagus 66 2.6 (0.2) 3.4 (0.5) 2.6 (0.6)> 

Notes on stands: 
(a) Fewer gaps were recorded in the canopy and understorey in 1998 in this stand 
than previously: (b) Between 1983 and 1998 the understorey of Cwpinus in this 
stand increased considerably: (c) This stand was row-thinned between 1991 
(when canopy closure was complete) and 1998; (d) In 1991 the canopy here was 
still open, but it closed rapidly in the following seven years: (e) The change in 
species number follows clear-felling in 1988. followed by rapid canopy regrowth 
between 1991 and I 998: (f) This stand was clear-felled in c.1995: hence the 
increase in species richness by 1998; (g) No apparent changes in canopy or 
understorcy over the period concerned. 

each permanent quadrat that were recorded at only one of 
the two dates. There were also changes in the overall 
abundance of some species, such as Brachypodium 
sylvaticum in Wytham Woods that were comparable to 
those seen at Monks Wood (Table 2). Rubusfruticosus also 
declined in cover in Wytham Woods, even though it re
mained frequent. However Carex pendula which had in
creased at Monks Wood, did not change in frequency at 
Wytham Woods over a similar period. Neither Poa trivia/is 
nor Brachypodium sylvaticum showed changes in frequency 
at the Warburg Reserve, in contrast to the other two sites. 
The mean ground flora cover increased slightly at the 
Warburg Reserve, but declined significantly at Wytham 
Woods (no comparable data arc available for Monks Wood). 

Other measures that might be used to assess biodiversity 
such as mean species number or the total number of species 
present in the whole set of quadrats showed very little 
difference between the two recording times (Table 3 ). 

Discussion 

Most ancient woods in England are very small (less than 
20 ha), with a history of coppicing up until the beginning of 
this century, followed by neglect (Spencer & Kirby 1992; 
Peterken 1981 ). Many more-or-less even-aged stands are 
now being brought back into management (felling, thinning, 
cutting of the understorey). Their ground flora will tend to 
follow the pattern illustrated by the results from Orlestone 
Forest, whereby the relative and absolute richness of differ
ent stands changes over quite short time-scales. 

The ground flora changes at Monks Wood, which hap
pened across the whole of a large site, do not appear to be 
related to stand growth (as at Orlestone). Rather they 
reflect the impact of a new factor, increased grazing pres
sure by the introduced deer Muntiacus reevesii, as has been 
demonstrated through study of exclosures in the wood 
(Cooke et al. 1995). Increased nitrogen deposition had also 
been suggested as a possible cause of this change, but 
neither here nor in Wytham Woods could clear evidence to 
support this be found. 

In the Wytham Woods and Warburg Reserve high levels 
of turnover at quadrat or stand level took place, as at 
Orlestonc. but were evened out in indices that combined 
the results for the whole site. Even so changes in the 
frequency of common species (e.g. Brachypodium 
sylvaticum) did occur, whereas previous work ( e.g. Barkham 
1992) had tended to emphasise the contribution of the 
uncommon species to turnover rates. 

Implications for nature conservation managers 

The woodland ground flora is highly dynamic over peri
ods of a decade or more: change should be expected. Over 
quite short time-scales, the relative and absolute species
richness of different areas may change greatly. Decisions 
on nature conservation value and management of stands 
are often based (at least in part) on assessment of the 
ground flora. Allowance must therefore be made for the 
sorts of changes illustrated here. 

While some ground flora changes reflect internal stand 
dynamics and are cyclical, others are largely independent 

Table 2. Changes in the frequency of selected ground flora species in three woods. 

Number of quadrats in which a species was recorded at: 
Monks Wood" WythamWoods' The Warburg Reserve' 

Date 1966 1996 1974 1991 1974 1992 
No of quadrats 36 36 163 163 96 96 

Glechoma hederacea 20 29 99 l IO 24 21 
Mercurio/is perennis 18 7 137 132' 85 85 
Rubus fruticosus 15 21' 142 127' 82 75 
H_rncinthoides 11011-scriptus 9 II 62 63 6 9 
Brac/npodium sy/rnticum I 32 63 136 66 60 
Urtica dioica l 9 122 129' 48 57 
Paa trivia/is 0 35 110 140 35 34 
Carex pendula 0 18 43 41 0 0 

(a) The quadrats were temporary, each 400m2 (Crampton et al. 1998); (b)The quadrats were permanent quadrats. each IOOm' (Kirby et al. 1996): (c) Associated 
cover estimates for these species at these sites indicated a decline in the cover of Merrnrialis perennis at Wytham. declines in the abundance of Rubus at both 
Monks Wood and Wytham Woods, and an increase in the abundance of Urtica at Wytham Woods. 
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Table 3. Changes in overall species cover and composition ofWytham Woods and The Warburg Reserve, 1974 - 1991/2. 

No of quadrats 
Date 

0t ground flora cover* 
No of species per quadrat* 
No recorded only on one occasion* 

Total no of species in full quadrat set 
Sorensen ·s similarity index 

* standard errors in brackets. 

Wytham Woods 
163 

1974 1991 

80 (2) 
16.7 (0.8) 
7.2 (0.5) 

173 
85o/c 

64 (2) 
17.2 (0.7) 
7.7 (0.5) 

167 

of what is happening to the tree and shrub layer and may be 
directional. Changes at stand level may not reflect those for 
the wood as a whole and vice versa. Therefore woodland 
monitoring programmes for nature conservation purposes 
should include ground flora as well as the woody layers and 
provide results that can be used at the site as well as the 
stand level. 

Change in the frequency and abundance of common 
ground flora dominants have occurred over the last thirty 
years in woods in England. These can have a major signifi
cance for the functioning of other parts of the ecosystem: 
e.g. loss of thickets of Rubus fruticosus may eliminate 
nesting sites for nightingales Luscinia megarhyncha (Gosier 
1990), but allow an increase in lower-growing ground flora 
species (Kirby & Woodell 1998). Indicator species for 
monitoring programmes should not be selected only from 
among the rare and unusual species, or those thought to 
have a narrow ecological range. 

The results presented here are from a narrow range of 
sites. The nature conservation agencies are planning to 
expand both the number of sites where long-term ground 
flora studies are done and are exploring the use of plant 
attributes (Grime et al 1988; Ellenberg 1988) to improve 
the analysis and interpretation of the results. 

Acknowledgements. My thanks go to Rachel Thomas and the 
late Colyear Dawkins for help and inspiration; and to the 
Forestry Commission, Oxford University and BBONT for 
permission to work in their woods. 

References 

Barkham, J.P. 1992. The effects of management on the ground 
flora of an ancient woodland, Brigs teer Park Wood, Cumbria, 
England. Biol. Conserv. 60: 167-187. 

Buckley, G.P., Bolas. M. & Kirby, K.J. 1994. Someeffectsoftree
fall induced disturbance of understorey vegetation 
development following the storm of 1987. In: Kirby, K.J. 
&Buckley, G.P. (eds.). Ecological responses to the 1987 
great storm in the woods <Jf south-east England, pp.81-104 
English Nature, Peterborough. 

Cooke, A.S., Farrell, L., Kirby, K.J. & Thomas, R.C. 1995. 
Changes in the abundance and size of dog's mercury apparently 
associated with grazing by Muntjac. Deer 9: 429- 433. 

Crampton, A.B., Stutter, 0., Kirby, K.J. & Welch, R.C. 1998. 
Changes in the composition of Monks Wood National Nature 
Reserve (Cambridgeshire, UK) 1964-1996. Arboricultural 

The Warburg Reserve 
96 

1974 

62 (3) 
18.7 (1.2) 
9.0 (0.7) 

161 
81% 

J. 22: 229-245. 

1992 

73 (3) 
16.7 (I.I) 
6.9 (0.6) 

145 

Dawkins, H.C.D. &Field,D.R.B. 1978.A long-term surveillance 
system for British woodland vegetation. Commonwealth 
Forestry Institute (Occasional Paper I), Oxford. 

Ellenberg, H. 1988. The vegetation ecology of central Europe. 
Cambridge University Press, Cambridge. 

Gosier, A. 1990. The birds of Wytham - an historical survey. 
Fritillary I :29-74. 

Grime, J.P., Hodgson, J.G. & Hunt, R. 1988. Comparative plant 
ecology. Unwin-Hyman, London. 

Kirby, K. J. 1990. Changes in the ground flora of a broadleaved 
wood within a clear fell, group fells and a coppiced block. 
Forestry 63: 241-249. 

Kirby, K 1. 1993. The effects of plantation management on 
wildlife in Great Britain: lessons from ancient woodland for 
the development of afforestation sites. In: Watkins, C. (ed.) 
Ecological effects of (lfforestation, pp 15-30, CAB Interna
tional, Wallingford. 

Kirby, K.J. & Thomas, R.C. 1999. Changes in the ground flora in 
Wytham \V<Jods, 1974-1991, and their implicationsfor nature 
conservation. English Nature (Research Report 320), 
Peterborough. 

Kirby, K.J., Thomas, R.C. & Dawkins, H.C. 1996. Monitoring of 
changes in tree and shrub layers in Wytham Woods (Oxford
shire), 1974-1991. Forestry 69: 320-334. 

Kirby K.J. & Woodell S.R.J. 1998 The distribution and growth of 
bramble (Rubusfruticosus) in British semi-natural woodland 
and their implications fornature conservation.J. Pract. Ecol. 
Conserv. 2: 31-41. 

Peterken, G.P. 198 I. Woodland conservation and management. 
Chapman & Hall, London. 

Peterken, G.P. & Backmeroff, C.E. I 988. Long-term monitoring 
in woodland nature reserves. Nature Conservancy Council, 
Peterborough. 

Peterken G.P. &Jones, E.W. I 987. Forty years of change in Lady 
Park Wood: the old-growth stands. J. Ecol. 75: 477-5 I 2. 

Spencer, J.W.& Kirby, K.J. 1992. An inventory of ancient 
woodland for England and Wales. Biol. Conserv. 62: 77-94. 

Stace, C. I 991. New flora of the British Isles. Cambridge Univer
sity Press, Cambridge. 

Thomas, R.C. & Kirby, K.J. 1992. Seventeen years of change in 
the structure and composition of Wytham Woods 
(Oxfordshire). Asp. Appl. Biol. 29: 49-55. 



Proceedings IA VS Symposium, pp. 35-38, 2000 
([) IAVS; Opulus Press Uppsala. Printed in the UK 

17 years of change in a dune slack 
community in the Eastern Cape 

Lubke, Roy A. 1 * & A vis, A.M. 1.2 

1Department of Botany, Rhodes University, Grahams
town, 6140SouthAfrica; 2Presentaddress: Coastal and 
Environmental Services, P. 0. Box 934, Grahamstown, 
6140 South Africa; E-mail ces@imaginet.com.::.a; 
*Fax +27466225524; E-mail borl@rhobot.ru.ac.::.a 

Abstract. In 1980 we observed the colonization of a wet bare 
dune slack with many seedlings of Scirpus nodosus. In an 
investigation on the salt tolerance of this species, observations 
were made on the soil and environmental characteristics of the 
site and a detailed map of the vegetation was produced. 
Subsequent observations have been made on species recruit
ment and vegetational changes recorded annually. After 17 yr, 
a detailed quantitative analysis of these data revealed the 
species dynamics within the system and changes in species 
diversity, cover and abundance. This has provided a unique 
opportunity to test an earlier model for succession produced 
by the authors in 1984. The rigorous quantitative analysis 
shows that these early predictions were correct. Shrub density 
remained low until 1991 and has now increased rapidly, while 
sedges and rushes increased initially to peak in 1983 and then 
to drop to near zero by 1998. Species richness increased to 
peak at 23 species in 1985 and 1987 and has subsequently 
decreased. Vegetative cover increased to 40-50% from 1985 
to 1992 and has now increased to about 80%. The develop
ment of the slack vegetation, from pioneers to climax dune 
thicket, is dependent on the prevailing climate, particularly 
rainfall, of the region. 

Keywords: Colonization; Dune thicket; Kleinemonde; Scirpus 
nodosus; South Africa; Species richness. 

Introduction 

The Eastern Cape Coastline is well endowed with exten
sive dune systems similar to the Pacific Northwest Coast of 
North America (Wiedemann, 1984; Wiedemann & Pickart 
1996) and unlike the North Sea Coasts of Europe (but 
similar to the Wadden Sea Islands (Dijkema & Wolff 1983; 
Westhoff & van Oosten 1991 ). The vegetation of these 
dune fields is often confined to pioneer foredune communi
ties, dune slacks which are sparsely vegetated, and bush 
pockets which may represent select patches of more exten
sive thicket (Parker-Nance et al. 1991; Avis 1992; Lubke et 
al. 1997). 

Lubke ( 1983) gave a brief account of the dune vegeta
tion, and studies on the effects of the harsh climate on the 
growth and succession of plant communities has followed 
(Avis & Lubke 1982; McLachlan et al. 1987). In a synthe
sis paper on the dune slack communities, we hypothesised 
that the slack vegetation follows a rapid succession from 
pioneers to a woody scrub community, but is limited by the 
prevailing climate, particularly rainfall, wind and conse-
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quently sand movement (Lubke & Avis 1988). This model 
of dune succession, drawn from our studies and those of 
McLachlan et al. ( 1987) on the Alexandria dune fields, is 
largely untested temporally although spatial analysis of the 
communities does confirm these changes (Avis 1992). 

Fortunately, a site in the dune slack established to study 
the effect of salt spray and other conditions on the pioneer 
sedge, Scirpus nudosus (Lubke & Avis 1982; Avis & Lubke 
1984 ), was sampled annually. Now, 17 yr later, these data 
have been analysed using quantitative methods. The aim 
of this paper is to show how the temporal data confirms the 
autogenic succession of plants in the Eastern Cape dune 
slacks and dune systems. 

Study area 

The coastal strip between the Kleinemonde and Riet 
Rivers, ca. 12 km east of Port Alfred, is 4 km long and 
covers an area of ca. 350 ha. This portion of the 1820 
Settler farm, Tharfield bounded by the Port Alfred/East 
London road in the north and the sea in the south has been 
proclaimed a private nature reserve. The dune cordon con
sists of ca. I 00 ha of eastwardly migrating transverse sand 
dunes reaching ca. 50m above sea level (Tinley 1985). The 
dune and dune slacks are sparsely vegetated in parts and the 
permanent vegetation begins with dune thicket from I 00 to 
700 m from the shore. In protected areas the thicket be
comes well established coastal forest with trees up to I Om 
tall (Lubke 1983 ). The foredunes are vegetated in part by 
pioneer grasses and shrubs and the moist dune slacks are 
invaded by sedges, rushes, herbs and grasses. The study 
area is situated at the eastern side of the nature reserve and 
was first studied by Lubke & Avis ( 1982). The wet site was 
stabilized by Juncus krausii with Scirpus nodosus plants in 
a protected hollow, with large dunes to the south, east and 
west. The site was chosen for study because of the abun
dance of S. nodosus which was the dominant pioneer in the 
moist slack (Lubke & Avis 1982). 

Methods 

Vegetation sampling 
The study area was triangular in shape and to facilitate 

mapping of the vegetation, the area of 220.5 m2 was divided 
into quadrats of 2.5 m x 2.5 m or 3 m x 3 m. A scale map of 
the study area was produced on which the vegetation in 
each quadrat was plotted. Initially, only the triangular 
shape was sampled and mapped as the site to the north of the 
hypotenuse of the triangle was bare sand. By 1984 this area 
had become colonized and the square area of 441 m2 was 
sampled. In order to calculate density and percentage fre
quency of the dune slack species, quadrats of I m2 each were 
taken from the bottom left of each large marked quadrat 
(Lubke & Avis 1982). The number and aerial cover of 
individuals of each species was recorded for each quadrat. 
The site was mapped and sampled annually from 1981, 
initially in September and then subsequently in the summer 
months, January, February or March. In 1982, 1993, 1994, 
1996 and 1997 no sampling was carried out (Fig. I). 
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Fig. 1. Initial sampling in the dune slack in 
1981 showing the map of the vegetation and 
the size of the quadrats for mapping. After 
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also sampled. Smaller l -m2 quadrats were 
used for density and cover determination (see 
text). The isolines show the original soil 
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Data analysis 
The species of the dune slack were divided into major 

functional types, viz, pioneers, sedges and rushes, herbs or 
forbs and shrubs. The mean density and percentage cover 
of each species for the quadrats was calculated for each 
annual sample and the change over time was plotted. These 
data were also used to show the distribution of the quadrats 
relative to one another on ordination scatter diagrams using 
Correspondence Analysis (Hill 1979). The field maps of 
the cover of the species was digitised and subjected to the 
TNT mips system. This made it possible to calculate the 
change in vegetated area of the different species and spe
cies groups with time. 
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Fig. 3. Change in total percentage cover of the vegetation over 
17 years in the dune slack. 

Results 

Changes in species composition in the study slack 
The mapping of the vegetation at almost annual intervals 

revealed changes in frequency, density and cover of the 
species and functional types over a 17-yr period. These 
changes are best shown graphically from the GIS maps but 
cannot be reproduced here. The wet slack was first colo
nized in about September 1979 and by the time of the first 
map in 1981 was well covered with Scirpus nodosus plants 
and seedlings while in drier areas Sporobolus virginicus, 
Scaevola plumeri and Myrica cordifolia occurred. 

A wet slack phase followed during which time many 
common slack herbs, sedges and rushes appeared (up until 
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Fig. 2. The change in plant species number over 17 years in the 
dune slack. 
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Fig. 4. The percentage cover of the major plant species groups 
over the 17 years in the dune slack. 

1985 and 1987), when the species richness was the greatest 
(Fig. 2). The number of species subsequently decreased 
although in this dry slack phase (1988-1991) a number of 
other shrub species, typical of the dune scrub stage of 
succession were already present. These included Chrysan
themoides monilifera, Rhus crenata, Metalasia muricata, 
Passerina rigida, Stoebe plumosa. The former two are bird
dispersed while the latter are wind-dispersed species. 
Passerina rigida is one of the early colonizers which pro
vides perch sites for frugivorous birds. Myrica cordifolia, 
was already present and would have advanced into the 
slack from the southern extreme of the dune region. It 
grows as a creeping shrub from stems at, or just below, the 
soil level. 

Total percentage cover slowly increased to fluctuate 
from 40 to 80% between 1985 and 1992, then increasing 
rapidly to about 80% in 1995 (Fig. 3). The percentage 
cover can be allocated to pioneers, shrubs, etc. and a 
summary of these data showed how the pioneers (sedges 
and rushes) decreased slowly from the initial pioneer pe
riod between 1979 and 1984 and then dropped to almost 
zero by 1998 as they were shaded out by the shrubs, and the 
slack dried out. (Fig. 4). In contrast shrubs only slowly 
become more abundant and higher in number and density 
up to 1991 and are only now increasing rapidly to consist of 
over 80% of the vegetation cover. The dune pioneers in
creased in the dune slack phase of 1985 to 1988 as much of 
the bare sand in the northern region of the slack was 
colonised but they have now decreased in cover to about 
I 0% as they are replaced by shrub species (Fig. 4 ). 

Ordination of the quadrats in the different community 
phases 

The Correspondence Analysis plot of the quadrats in 
different phases of succession is shown in Fig. 5. Because 
of the large number of quadrats when the total set would be 
analysed, only four years representing the different phases 
are presented. The quadrats of the pioneer phase are in the 
top right, in moving through the moist slack phase (1986) 
quadrats are scattered throughout the region, to the dry 
slack phase ( 1990) when the quadrats are found more 
predominantly to the left. Finally in the shrub phase ( 1995) 
the quadrats are all clustered on the left. 
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Fig. 5. The Correspondence Analysis scatter plot of the quadrats 
sampled in the major phases over the 17-year period. 

Discussion 

Our earliest model of succession was based on observa
tions of the region (Lubke 1983; McLachlan et al. 1987) 
and a short temporal study of a dune slack community 
exposed to a changing local environment (Lubke & Avis 
1988). Further studies of spatial sequences within the 
Tharfield Nature Reserve supported this model (Avis 1992). 
Changes from either foredune, but usually dune slack, to a 
dune scrub community dominated by shrubs and finally a 
thicket community were evident from these ordination 
studies (Avis 1992). Predicted change in species composi
tion in our model was also evident in this study. 

The results accumulated over a longer period of 17 yr 
give added support to the successional model. Pioneer 
slack sedges and rushes initially occurred densely in the 
moist areas (Lubke & Avis 1988) although supporting a 
low cover (Figs. 2 and 4). Species richness increased over 
time to a maximum when there were many herbaceous, 
slack species along with the dune pioneers and shrubs in 
the slack phase of the succession. The species number 
decreased as shrubs became abundant, a common phenom
enon in successional changes where species interactions 
become less marked in the 'stable' vegetation (Greig
Smith 1952). In our earlier study (Avis 1992) we found that 
the diversity index deceased marginally from young slacks 
to old slacks, but then increased in the dune thicket. 

Passerina rigida is the first woody species to invade the 
dune slack and initially became very common and is a 
major 'linking species' of dune scrub, between the old dune 
slacks and thicket communities (Avis 1992). Other shrubs 
such as Stoebe plumosa and Anthospemum littoreum were 
probably wind-dispersed into the slack, but Rims crenata 
and Chrysanthemoides monil/fera are bird-dispersed (Castley 
1992) and these species were found to arrive after Passerina 
rigida, which forms suitable perch sites for birds. 

The Correspondence Analysis ordination (Fig. 5) sup
ports the earlier evidence (Lubke & Avis 1988) that the 
succession has now reached a bush clump stage (Avis 
1992). The directional change in individual quadrats has 
not been indicated by arrows, as was done in a succcssional 
study of dune slacks on Schiermonnikoog by Grootjans et 
al. ( 1991 ), but the change of all quadrats in different years 
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is shown in this figure. Myrcia cordifolia which is often 
dominant in bush clumps is the most abundant shrub at the 
present time ( 1998 ). This species is dispersed by birds and 
bushpigs (Castley 1992), but in this case migration into the 
area was vegetative from the southern area of the study site. 
It appears that these bush clumps, also found in large dune 
fields (Talbot & Bate 1991 ), are newly established woody 
communities able to survive sand burial and are not rem
nant forest pockets. The bush clumps in these dune fields 
(Avis 1992) have been shown to be different from the 
inland thicket (Turner 1992; Turner et al. in prep) and this 
supports the view of the successional changes from slack to 
bush clumps. The remnant theory of bush clumps being 
isolated remnants of a more extensive thicket vegetation 
(Bate & Dobkins 1992; Castley 1992), as originally pro
posed by Tinley ( 1985 ), does not appear to hold in this case. 

The migration of dune sand from the west to the east in 
this particular slack is resulting in the loss of total vegetative 
cover across the study site in the last three years (Fig. 2). 
Previous estimates show that these transverse dunes move 
at the rate of ca. 3 m/yr (Lubke & Avis 1988). Should the 
shrubs be able to migrate ahead of the sand at this rate the 
bush clump will survive although the present sample site 
will once again be covered by bare sand. Climatic or soil 
data have not been recorded for the site except in the earlier 
studies (Lubke & Avis 1982; Avis & Lubke 1984). Our 
predictions are that the major controlling factors are cli
mate, especially rainfall. Data from the last 25 yr shows 
that the rainfall was higher in the 1970s, allowing the 
sedges to become established in the wet slack. Throughout 
the 1980s and 1990s the rainfall has been somewhat lower, 
enabling the shrubs to become established while the sedges 
and herbaceous plants have disappeared. Thus, the pioneer 
sedges and rushes only become established in wet cycles. 
This substantiates our prediction that with an erratic and 
variable rainfall of less than I 000 mm/yr the dune fields in 
the region will not be colonized and covered with climax 
coastal thicket (Lubke & Avis 1988). Although the migrat
ing bush clump stage has been reached, the plant communi
ties cannot move past this stage in the succession, as the 
drift sands smother the more stable trees and thicket spe
cies as sand dunes migrate eastwards as a consequence of 
the strong winds that occur in the region. The shrubs of the 
dune scrub stage, such as Myrica cord/folia and Rhus 
crenata can survive sand burial whereas trees of climax 
dune thicket, such as Sideroxylon inerme and Minusops 
cqfra, would be buried as they are slower growing species. 
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Abstract. Experiments on land restoration offer a unique 
opportunity to investigate ecological processes in developing 
or heavily managed ecosystems using well planned experi
ments. In spite of this, many reported experiments are of 
relatively short-term duration, and often stopping 'when the 
management objectives have been achieved'. Here we argue 
that long-term studies of experiments designed to manipulate 
successions and or/restore targeted ecosystems can provide 
important insights into the functioning of ecosystems generally. 

Introduction 

The applied restoration ecologist has many advantages 
over colleagues interested in understanding ecosystems 
and ecosystems processes; the applied scientist can delib
erately manipulate a given ecosystem towards defined 
objectives and this can in itself be a tool for investigating 
ecological concepts. Let us assume that the generalized 
model developed for explaining ecological succession by 
Odum ( 1969) is a good starting point, and there is a general 
increase in complexity and stability in succession time 
(Fig. I a). From an applied ecologists viewpoint this suc
cessional model can be viewed from a range of perspec
tives. First, the very act of defining a restoration objective 
means that a defined target or goal can be set on this 
trajectory. Second, the ecosystems can be manipulated ei
ther to encourage and increase successional development 
towards this target, or the succession may have to be re
versed in order to achieve the goal (Fig. I b ). Examples of the 
former include restoring new ecosystems on raw mineral 
wastes, where essentially a primary succession is being 
mimicked (Marrs & Bradshaw 1993 ), and the latter where a 
late-successional ecosystem is being reversed to an earlier 
stage so that a sub-seral community can be maintained, for 
example a grassland or heathland (Mitchell et al. 1997). 

Another advantage that applied ecologists have over 
ecologists working in more pristine habitats is that they are 
often able to apply perturbation treatments that are more 
severe than would be considered suitable in semi-natural or 
natural vegetation. Applied ecologists routinely use severe 
disturbance regimes (Snow & Marrs 1997). addition of 
fertilisers and even sewage sludge (Marrs & Bradshaw 
1993) and herbicides (Marrs & Griffith 1986; Low day & 
Marrs 1992). An important objective of applied restoration 
work is that the target should be achieved, and hence the 
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ecologist is in control. By being in control, and being able 
to predict the outcome of the treatments in a successional 
context accurately, the applied ecologist will be acting in a 
thoroughly professional manner. 

In this paper the results of a long-term experiment ( 18 yr) 
designed to reverse succession on lowland heath invaded 
by Pteridium aquilinum (bracken) will be reviewed. The 
aim of the study was to derive techniques which would 
reduce the bracken infestation and allow a Calluna vu/
garis dominated heathland to develop. Initially this experi
ment was very successful with some treatments being very 
effective at reducing bracken and allowing Calluna to 
establish. However, over the longer-time scale, i.e. after 12 
yr, Ca//una died out and a grass heath developed. Here, we 
use variation partitioning (Borcard et al. 1992: Legendre 
1993; 0kland & Eilertsen 1994) to attempt to elucidate the 
likely causes. 

Methods 

Experimental treatments and design 
Detailed methods are given in Marrs et al. ( 1998a); thus 

only a brief summary is given here. 24 combinations of 
bracken control and heath restoration treatments were ap
plied to dense bracken stands at Cavenham Heath (Na
tional Grid reference TL 755725) a Cal/una-dominated heath 
in Breckland UK, over an 18-yr period in two phases. In 
Phase I ( 1978-1984) there were six bracken control and 
two seeding treatments in factorial combination in four 
replicate blocks. The bracken control treatments were (I) 
untreated, (2) cutting yearly in July, (3) cutting twice yearly 
in June and July, (4) asulam applied in 1978 (5) asulam 
applied in both 1978 and 1979, and (6) asulam applied in 
1978 plus yearly cutting in July thereafter. Fronds were cut 
by mechanical scythe and left on the plots. 

""~--""'" ~ 
Successional age 

Late~successional 

Ecosystem complexity 

• 

Successional age 

Fig. 1. Hypothetical models of (a) Odum's (1969) view of 
increasing ecological complexity with successional age, and 
(b) how this can be viewed in terms of targets for ecological 
restoration from two directions - bold lines show the preferred 
result and dashed lines ones that miss the target. 
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Asulam (4.4kg active ingedient/ha) was applied in 400 
litres water/ha using a motorized mistblower or a knapsack 
sprayer. The two seeding treatments were (I) unseeded, 
and (2) seeded with Cal/una (20 000 seeds/m2). In Phase II 
( 1985-1996) the four blocks were pooled into two, each 
containing a pair of plots with similar treatment history. 
Within each of the pooled blocks bracken control was 
continued/reapplied to one of the pair and stopped on the 
other (Marrs et al. 1998a). 

In Phase I, the aim was to assess the initial success of 
vegetation establishment and biomass samples were col
lected from each plot and dry mass measured. In Phase II, 
species cover was measured (Marrs et al. 1998b ). 

Enl'imnmental data sets 
Climatic data were obtained for 1966 to I 996 from the 

nearest Meteorological Station (Broom's Barn, National 
Grid reference TL 746756, 7 km to the south of Cavenham 
Heath). Amongst the important factors influencing Calluna 
growth are temperature and moisture availability (Marrs 
1986), and seasonal means for maximum and minimum air 
temperature and rainfall were calculated. 

Spatial location of each plot was located using grid 
coordinates x and y (accurate to the nearest half m), and all 
quadratic and cubic combinations of x and y were com
puted to allow for recognition of complex spatial trends 
(Borcard et al. 1992). 

Estimates of atmospheric nitrogen deposition total an
nual wet deposition (kg N ha- 1 y, 1) between 1986 and 
1993 were obtained for three sites in the southeast of 
England and weighted-averages based on the distances 
from Cavenham used to predict the annual nitrogen deposi
tion on the experimental site. 

Multivariate analysis 

Species-environment and sample (experimental plots in 
this case)-environment relationships were investigated 
by Canonical Correspondence Analysis (CCA) using 
CANOCO (ter Braak I 988a,b, 1990). Here, the species 
data (biomass or cover), was used without the down
weighting option. The environmental variables included 
control treatments relevant to each time period as nominal 
variables, and climatic, spatial effects and elapsed time 
since treatment, as continuous variables. The 'forward 
selection' procedure within CANOCO was used to select 
those environmental variables which add significantly to 
the explanation of the observed species variance. There can 
only be as many constrained axes as there are environmen
tal variables and CCA analysis with less than four variables 
are thus hybrid, being partially unconstrained. Eliminating 
variables from the data that did not add significantly to the 
explanation of the variation in species abundance gave 
more realistic estimates of the variation explained (Borcard 
etal.1992). 

Within each Phase a separate CCA analysis was done for 
each environmental variable to determine the fraction of 
variation explained by that variable alone. The ratio of the 
eigenvalue of the constrained axis and the total inertia 

(which is the sum of all eigenvalues in a correspondence 
analysis) gave the variation explained by the individual 
variable in question. The significance of each variable was 
tested with a Monte Carlo test (with 99 unrestricted permu
tations). The variation partitioning was then analysed using 
combinations of data sets for each Phase (Borcard et al. 
1992; 0kland & Eilertsen 1994 ). 

Results 

The effects of treatment on the bracken biomass has been 
reported by Marrs et al. ( 1998a). All bracken control treat
ments had some effect although the persistence and overall 
impact differed (Fig. 2). Cutting had the most effect over
all, but took longer to produce a sustained effect, whereas 
spraying asulam had an instant effect, but there was rela
tively rapid recovery. Where treatments were continued or 
repeated the control was sustained, but where control treat
ments ceased after 6 yr there was a relatively rapid recovery. 

The success of the treatments on Calluna after IO yr 
showed that all were successful to some degree, but best 
cover was obtained where bracken had been well control
led with the cut twice yearly treatment and Calluna seed 
had been applied (Fig. 3). The results showed clearly that a 
late-successional bracken invasion could at least be se
verely reduced and Calluna re-established. 

However, in 1991 it was noticed that almost all of the 
Calluna had died out and there was a change in vegetation 
towards a grass heath. The multivariate analysis of the 
Phase I data gave a reasonably good model with eigenvalues 
of 0.35, 0.15, 0.11 and 0.05 for the first four axes respec
tively. In Phase II the model fitted explained much less of 
the variation, with eigenvalues of 0.18, 0.12, 0,.071 and 
0.04 for the first four axes. As the experiment progressed 
the effects of management became less important, and the 
effects of climate, bare ground (a surrogate measure of 
rabbit activity which had increased during the 1980s) and 
spatial position became much more important (Marrs et al. 
1998b; Marrs & Le Due in press). 

Discussion 

The results from this study showed that success or failure 
occurred depending on the time scale over which success 
was judged. In the short term, we were able to demonstrate 
that the initial objectives could be achieved relatively eas
ily. There was reasonable and in some cases good bracken 
control, which could be sustained over the 18-yr period. 
There is no reason to believe that this success could be 
sustained indefinitely assuming that the management effort 
is continued. Moreover, it was possible to establish Calluna 
in reasonable amounts and certainly sufficient to meet the 
desired conservation objectives. 

However, over the longer time scale of 18 yr the restora
tion objectives sensu stricto have not been achieved be
cause of the large scale Calluna dieback noted in 1991. As 
a result there has been a shift in the community from one 
dominated by Calluna to a typical Breck grass flora (Watt 
1940, 1981 a, b; Dolman & Sutherland 1992). Whilst this 
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Fig. 2. Changes in bracken 
biomass over an 18-yr period at 
Cavenham Heath: (a) untreated, 
(b) cut once yearly, (c) cuttwice 
yearly, (d) asulam 1978, 1984, 
1990, (e) asulam 1978, 1979, 
1984 and 1990, (f) asulam 1978 
plus cutting once yearly. 
Dashed line indicates treatments 
stopped after 1984. Vertical bars 
(f) show LSD-values for each 
year. 
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objective is not the desired one it is deemed of more 
conservation value than the original bracken-dominated 
ecosystem. Thus, from a management point of view this 
secondary target can be deemed semi-successful. 

However, it is worth speculating on the reasons why 
Calluna died out and there was a change towards grass 
heath. The variation partitioning suggests that in Phase! the 
management treatments applied by the experimenter were 
the major factors controlling the vegetation, and time and 
space were perhaps secondary. It was noted that after 6yr 
that there was substantial development of clonal species in 
certain plots (Marrs & Lowday 1992), especially in unseeded 
treatment and this might have a 'founder effect' on subse
quent vegetation trajectories. In Phase II the applied man
agement treatments had very little effect on the vegetation 
trajectories with the main factors controlling vegetation 
being climate, effects of rabbit grazing and spatial effects. 
The spatial effects reflect those noted in Phase I. Inspection 
of the climate and nitrogen deposition data show that 
immediately before the Calluna dieback the site experi
ence greater than average inputs of atmospheric nitrogen 
deposition and winter minimum temperatures, and lower 
than average spring rainfalls. Moreover, the summers of 
1990 and 1991 experienced greater than average summer 
temperatures. It is postulated that the elevated nitrogen and 
lower rainfall perhaps allowed the Calluna to grow well 
over winter, but it could not survive extreme spring drought 
and summer heat. Calluna is well known to exhibit such 
dieback events in Breckland (Pickworth-Farrow 1925; 
Marrs 1986, 1993 ). 

Year 

This study highlights the danger of extrapolating from 
short-term experiments to making longer-term predictions. 
It also indicated that even when applying management 
treatments the applied restoration ecologist can 'lose con
trol' and the vegetation can start responding to factors 
outside the experimenters control. However, it also indi
cates that even when this occurs the data can be used to 
elucidate and refine ideas on succession. 
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Fig. 3. Calluna cover in 1988 in the bracken treated plots at 
Cavenham Heath: U = untreated; CI = cut once yearly; C2 = 
cut twice yearly; A I = asulam 1978, 1984, 1990; A2 = asulam 
1978, 1979, 1984 and 1990; AC = asulam 1978 plus cutting 
once yearly; open bars = unseeded; shaded bars = seeded. 
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Abstract. In 1987 a salt-water lagoon system of 846 ha was 
created as part of the polder Beltringharder Koog (3342 ha). 
The main nature conservation target was to restore tidal flats 
and salt marshes comparable to Wadden Sea habitats in order 
to compensate for the embanked area. Permanent plots and 
vegetation mapping were used to study vegetation succession. 
After the embankment a lowered groundwater level, the pres
ence of large unflooded tidal flats and desalination of the soil 
had led to changes of the salt-marsh vegetation. Former salt 
marshes had changed to glycophytic grasslands with Cirsium 
arvense and Epilobium hirsutum stands. Former tidal flats 
were covered with Suaeda maritima, Spergularia maritima, S. 
salina and Salicornia ramosissima. After the introduction of a 
simulated tidal flooding regime the invasion of glycophytes 
stopped. A typical salt-marsh zonation with a Salicornia zone, 
Puccinellia zone and Elytrigia atherica zone established. Newly 
found red list plant species were Atriplex pedunculata and 
Bassia hirsuta. 

The I 0-yr-old semi-natural salt-water lagoon could not 
compensate for the loss of former Wadden Sea habitats, for 
example as feeding area for wetland birds. Nevertheless the 
newly developed salt marshes became a habitat for endan
gered halophytes and an important resting area for wetland 
birds during high tides. 

Keywords: Embankment; GIS; Halophyte; Nature conserva
tion; Restoration; Salt marsh; Semi-natural. 

Nomenclature: Stace ( 1997) for vascular plants; Oberdorfer 
( 1994) for syntaxonomy. 

Introduction 

Over the last few centuries large areas of salt marshes 
and mud-flats of the German Wadden Sea have been 
embanked. In the past, new polders were used as farmland 
(Bantelmann 1966; Behre 1994 ). During the last decades, 
the ecological system of the Wadden Sea has been recog
nized as an extraordinary and highly specific and endan
gered habitat for many plant and animal species. Effects of 
the embankments for coastal protection, land use and new 
settlements have been weighed against nature conserva
tion. In 1987 the embankment of 33.4 km2 of the Nordstrand 
Bay - part of the Schleswig-Holstein Wadden Sea - was 
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finished and became the new polder Beltringharder Koog 
(54°33' N, 8°54' E). The main purposes were to reduce 
erosion processes of tidal creeks and shorelines and to 
shorten the dikeline for coastal protection (Anon. 1981 ). 
When the bay was embanked 845 ha of intensively grazed 
salt marshes and 2450 ha of mud flats were disconnected 
from tidal flooding (Neuhaus 1997; Wolfram et al. 1998). 
Before the embankment the Nordstrand Bay had been one 
of the largest unfragmented salt marsh areas and one of the 
most important feeding areas for wetland birds migrating 
along the East Atlantic Flyway on the northern German 
Wadden Sea coast (Hotker & Kolsch 1993; Hotker 1994). 
To compensate for the loss of these habitats the new polder 
Beltringharder Koog was preserved as a nature reserve 
area. One of the main targets of nature conservation was to 
restore tidal flats and salt marshes comparable to Wadden 
Sea habitats in a semi-natural salt-water lagoon system. To 
establish this lagoon system ca. 846 ha were separated 
from the rest of the polder by dams. The salt water of the 
lagoon is connected with the Wadden Sea by two sluices. 
This paper will focus on vegetation succession and man
agement problems of this semi-natural salt-water lagoon 
system. 

The following questions will be answered: Is it possible 
to restore a wadden-like habitat in a polder? How will the 
vegetation succession continue? Are there differences be
tween the vegetation of the semi-natural salt-water lagoon 
and other salt marshes? Is the vegetation comparable to 
other semi-natural salt-water systems in polders? 

Methods of documentation of succession 

Vegetation changes were studied every year on perma
nent plots of 4 m2. Vegetation mapping was carried out in 
1987, 1992 and 1996 (Wolfram et al. 1998). A GIS (Geo
graphic Information System) analysis was used to discover 
vegetation replacement in the salt-water lagoon area. The 
water-level of the lagoon was measured by a tide-gauge. 

Results 

Hydrology and tidal regime of the salt-water lagoon 
Shortly after the embankment the tidal range was low

ered from 3.4 m to zero. This led to large areas of unflooded 
mud flats. The soil of the former salt marshes and the mud 
flats dried out. During the first three years, the water level 
of the lagoon was not regulated and varied, sometimes 
more than 2 m per month. Since 1990 a tidal range of0.2 to 
0.4 m has been tested. The tidal range generally had to be 
restricted to 0.2 m because of the erosion near the sluice 
gates. After rebuilding of the sluice gates in 1994 it was 
possible to have a controlled tidal in- and outflow during 
the natural tides of the Wadden Sea. It was possible to get a 
tidal range of ca. 0.4 m but the most frequent tidal range 
was ca. 0.3 m or less. To promote inundation of the higher 
salt marshes comparable to stormfloods, an artificial buildup 
of salt water during three tides with a range of 0.8 m was 
introduced about twice a month. These stormflood 
simulations were restricted to the non-breeding period of 
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birds between the 1st of August and the 141h of April every 
year. The minimum water level of the lagoon was at 0.2 m 
above sea level and the maximum at 1.0 m above sea level. 
An area of 378 ha was permanently covered with salt water. 
In 1996 about 228 ha belonged to mud flats without vegeta
tion. 

Vegetation succession 
In 1987, the salt-water lagoon system was established on 

former tidal flats. Only 11.7 % of the area were covered 
with vegetation: I 0.5% Salicornia dolichostachya stands, 
0.9% Spartina anglica stands and only 0.3% Puccinellia 
maritima salt marshes. In the following years vegetation 
cover and plant species composition changed dramatically. 
The largest part of former mud flats dried out. Benthic 
organisms died which led to a high decomposition of 
organic material. A thick layer of cyanobacteria and algae 
mats developed. Therefore the invasion of vascular plants 
was delayed within the first four years. On former salt 
marshes a species replacement from halophytic to glycophytic 
vegetation took place during the first five years after the 
embankment. This process was comparable to the vegeta
tion development in other new polders (cf. Joenje 1978; 
Brehm 1979). The ~uccession is documented by the species 
dominance diagrams of two representative permanent plots 
(Fig. I). Both plots were placed in the Salicornia zone of 
1987. Permanent plot A-I is located 0.89 m above sea level 
and permanent plot A-3 ca. 1.44 m. Both plots were not 
flooded during the first 6 yr. In permanent plot A- I the 
cover of Salicornia increased to a high cover in 1988 (Fig. 
I A). In 1989 Salicornia was replaced by the perennial salt
marsh grass Puccinellia maritima. In the following years 
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desalination of the soil due to rainfall and drought during 
summer led to increasing cover of glycophytic grassland 
species. In this case Paa trivialis and Holcus lanatus could 
be found - but on other plots, e.g. A-3 (Fig. IB), also 
Cirsium species occurred. In 1994 stormflood simulations 
were carried out in order to force the regeneration of upper 
salt marsh communities on higher elevations and to coun
terbalance the desalination of the soil. This actually influ
enced the vegetation up to a level of 1.0 m above sea level. 
Since the permanent plot A-1 was flooded about twice a 
month non-halophytic grassland species have been re
placed by salt marsh species - mainly Elytrigia atherica, 
Juncus gerardii and Festuca rubra. At higher elevations, 
e.g. permanent plot A-3, glycophytes such as Epilobium 
hirsutum, Cirsium arvense and Paa species could persist 
(Fig. IB). 

The GIS analysis of the vegetation maps from 1987 and 
1996 demonstrates a vegetation replacement in space and 
time. In 1996 ca. 142 ha open mud flats of 1987 were 
additionally covered with vegetation (Fig. 2A). Almost 70 % 
of this area was dominated by the halophytic annual vegeta
tion of the Salicornia zone forming the new lower salt
marsh vegetation of the lagoon system. 18 ha developed to 
glycophytic and upper salt-marsh vegetation on artificial 
sand-islands and dams which had been built in 1988. The 
development of the old Salicornia zone ( 1987: 89 ha 
Salicornetum strictae, 8 ha Spartinetum anglicae) is shown 
in Fig. 2B. In 1996 only 3.8 % of this area still belonged to 
the Salicornietum strictae. About 34 % was covered by the 
annual Salicornietum ramosissimae (with Suaeda mar
itima, Spergularia maritima, Sp. salina, Salicornia 
ramosissima) which is typical of summer-dry mud-flats. 

1997 

1987 1989 1991 1993 1995 1997 
year 

____._ Salicomia europaea agg. --- Puccinellia maritima 

--+- Elytrigia atherica -x- Poa trivialis et spec. 

- Cirsium arvensis -tr- Epilobium hirsutum 

_._ Juncus gerardii 

--Holcus lanatus 

Fig. 1: Succession of plant species in 
permanent plots on low (A) and high 
(B) elevation in salt marshes of the salt
water lagoon Beltringharder Koog/Ger
many in the years 1987-1998. 

"' 



" 

- Vegetation succession in a salt-water lagoon - 45 

A: 142.3 ha open mud-flats of 1987 covered with vegetation 
In 1996: 

Phragmites reed 1.6% glycophytic grassland 2.8% 
Elytrigia atherica 4.9% 

Juncetum garardii 3.8% 

Puccinellietum a. . Salicomietum 
maritimaa 17.1%·:-: :-::<\ strictae 34.6% 

Salicomietum ramosissimae 35.1 % 

B: The area of the Sa/fcom/a zone 1987 (96.6 ha) was 
covered In 1996 with: 

Epi/obium/Cirsium-stands 3.4% 
glycophytic grassland 6. 9% 

Phragmitesreed 7.5% 

Elytrigia 
atherica 17.8% 

Juncetum gerardii 5.1 % 

Sa/icornietum strictae 3.8% 

Sa/icomielum 
ramosissimae 34. 1 % 

Puccinellielum mari/imae 21 % 

Fig. 2. Vegetation types on (A) former mud-flats and (B) the 
former Salicornia zone in the salt-water lagoon of the 
Beltringharder Koog IO yr after the embankment ( 1996 ). 

44 % of the area developed to perennial salt-marsh vegeta
tion with Puccinellietum maritimae in the lower parts and 
Juncetum gerardii and Elytrigia atherica stands at higher 
elevations. About I 0% of the area changed to glycophytic 
grassland or to Cirsium arvense and Epilobium hirsutum 
stands. The small Puccinellia zone of 1987 was replaced 
completely by glycophytic vegetation in 1996. 

Until 1996 a new typical salt-marsh zonation had estab
lished with open mud flats and an annual halophytic 
Salicornia zone ( 136 ha) within the area of the daily tidal 
range. Also a perennial Puccinellia maritima zone (45 ha) 
occurred between 0.3 and 0.5 m above sea level. Vegeta
tion which is typical of high salt marshes (35 ha) with 
Juncus gerardii and Elytrigia atherica developed on areas 
above 0.5 m above sea level. Only 15 ha of the untlooded 
part of the lagoon were covered by glycophytic grasslands, 
Cirsium spp. and Epilobium spp. stands, including first 
shrubs of Salix cinerea, S. x multinervis, Sambucus nigra 
and Crataegus monogyna. From 1992 onwards Phragmites 
australis expanded into the areas of the Puccinellia and 
Juncus gerardii zone. Within 5 yr this species has occupied 
an area of 9 ha and it is still spreading. The invasion of 
Phragmites australis and Elytrigia atherica (5 ha in 1992 
to 24 ha in 1996) has changed the structure of the upper 
salt-marsh vegetation. The cover of vegetation types with a 
low canopy like the Juncetum gerardii and the Pucci
nellietum maritimae was reduced. These processes will 
continue because the salt marshes are not grazed. 

Flora of the salt-water lagoon 
Atriplex pedunculata and Bassia hirsuta are the newly 

found highly endangered halophytic Red Data Book spe
cies (Mierwald & Beller 1990) of the Beltringharder Koog. 
In 1998, Atriplex pedunculata had its largest population in 
Schleswig-Holstein in the Puccinellietum maritimae of the 
semi-natural salt-water lagoon system with more than a 
million individuals. Other protected and rare species were 
Atriplex longipes ssp. longipes, A. portulacoides, Carex 
distans, C. extensa, Centaurium littorale, C. pulchellum, 
Parapholis strigosa, Sagina maritima, S. nodosa and the 
moss Didymodon tophaceus. 

Discussion 

Vegetation changes and tidal management 
IO yr after the embankment it was possible to restore a 

typical salt marsh zonation in the salt-water lagoon system 
by a semi-natural tidal management. But the salt marsh 
development of the lagoon is still in a dynamic state and 
further succession will change the proportions of plant 
communities soon. The invasion of Phragmites into the 
halophytic Puccinellia maritima and June us gerardii zone 
may cause a replacement of salt marshes by brack water 
reeds due to biotic interaction. This has also happened in 
other polders with semi-natural salt-water lagoons in Ger
many such as the Rantum-Becken, or the Dithmarscher 
Speicherkoog (Petersen 1987; Liitke Twenhoven unpubl.). 
The Beltringharder Koog is the only one with a semi
natural tidal system. This could be the chance to establish a 
permanent salt marsh vegetation within a polder. The salin
ity of the lagoon water of ca. 21-28 %0 is comparable to the 
Wadden Sea (Hagge et al. unpubl.). If the growth of 
Phragmites under brack water conditions is restricted to a 
maximum of soil salinity of ca. 17 or 19 %c (Schmeisky 
1974; Richter 1987) it should be possible to establish a 
Salicornia zone and a part of the Puccinellia maritima zone 
without Phragmites within the area of the tidal range. At a 
higher elevation Phragmites may occur on salt marshes in 
its terrestrial form. A comparable situation can be found in 
long-term ungrazed salt marshes on sandy soils, e.g. on the 
islands Sylt and Amrum and the Eiderstedt peninsula 
(Hobohm 1986; Neckermann 1987). In the past, most areas 
of the mainland salt marshes in Schleswig-Holstein have 
been intensively grazed by sheep (Kiehl 1997) and the salt 
marsh vegetation was dominated by short grass communi
ties of Puccinellietum maritimae and Juncetum gerardii. 
Grazing may be the most important factor to keep away 
high Phragmites reeds from the salt marshes (Raabe 1981 ). 
The ungrazed salt marshes of the salt-water lagoon are not 
comparable to the large area of intensively grazed salt 
marshes of the former Nordstrand Bay. This means that it 
was not possible to replace the important former feeding 
areas for many Wadden Sea birds either (Hotker & Kolsch 
1993; Hotker 1997). Nevertheless, the semi-natural salt
water lagoon has become a new but different habitat. 
Firstly new endangered halophytes occurred and secondly 
it has become an important resting area for Wadden Sea 
birds during high tides. In total it was not possible to 
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compensate for all functions of salt marshes and mud flats 
of the former Nordstrand Bay by a rather small semi
natural salt-water lagoon. 

The value of the salt-water lagoon for nature conserva
tion can be seen in a historical framework. Before embank
ments were started in the Middle Ages, the Wadden Sea 
coast had a more dynamic coastline (Behre 1994 ). Natural 
salt-water lagoons occurred behind barrier islands, spits or 
peninsulas. Low surf and water dynamics will have had 
similar conditions comparable to the semi-natural salt
water lagoon system of the polder. The vegetation with 
Salicornia and Puccinellia zones on lower and Elytrigia 
atherica and Phragmites australis on higher salt marshes 
could have been similar. With a high technical expenditure 
of the tidal management of the lagoon an extraordinary 
habitat relating to former time coastal habitats may grow. 
Nowadays no comparable system to the polder Beltring
harder Koog exists. A continuous monitoring of permanent 
plots and repeated vegetation mapping until the vegetation 
will be in a stable state should give an answer, whether a 
replacement of wadden-like habitats in polders as a com
pensation of embankments is acceptable or not. 

Conclusion 

10 yr after the embankment, restoration management 
with controlled tidal ranges has created a semi-natural salt
water lagoon system with salt marsh vegetation. The suc
cession of salt marsh vegetation is still going on. In the 
future the invasion of Phragmites australis into the ungrazed 
salt marsh will probably change large areas into brackish 
water reeds. This process is comparable to other Dutch and 
German polders. In general the development of new habi
tats in the semi-natural salt-water lagoon cannot compen
sate for the loss of natural Wadden Sea salt marshes. 
Nevertheless, the newly developed salt-water lagoon has 
become a habitat for endangered halophytes and an impor
tant resting area for wetland birds during high tides. The 
function of this man-made system is vulnerable and de
pends on nature conservation management. 
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Abstract. We monitored damage, forest structure and tree 
species composition following a catastrophic windthrow in 
permanent plots in an oak forest and a white pine forest in 
central Minnesota. Quercus borealis and Populus grandidentata 
dominated the oak forest, and Pinus strobus and Betula 
papvrifera dominated the white pine forest prior to the storm. 
The storm removed 60% of the basal area and 40% of the 
density of trees in the oak forest, against 80% of the basal area 
and 60% of the density in the white pine forest. 14 yr after the 
storm, the basal area of the oak forest was 80% of the basal area 
before the storm and density increased 65%. At the same time, 
the white pine forest's basal area wasjust43% of that before the 
storm and the density increased 5%. The number of tree species 
remained the same in the oak forest, but increased in the white 
pine forest. Ordination of tree species composition revealed a 
shift from earlier successional species to later successional 
species, both as a direct effect of the storm as well as during 
recovery following the storm. The net effect of the disturbance 
was to accelerate the successional processes, removing earlier 
successional species and providing few opportunities for other 
tree species to become established. 

Keywords: Basal area; Convergence; Density; Disturbance; 
LTER; Succession 

Introduction 

Windstorms are an important kind of disturbance in 
forests (Perry 1994 ). Catastrophic winds are increasingly 
under investigation because global climate models predict 
an increase of severe winds in mid and high latitudes 
(thunderstorms and tornadoes) and in the tropics (hurri
canes) (Overpeck et al. 1990). Wind disturbances offer 
opportunities to study regeneration of devastated areas as 
well as effects on forest dynamics (Webb 1988, 1989; 
Glitzenstein & Harcombe 1988; Abrams & Scott 1989). 

Disturbances are reported in general as accelerators of 
successional processes due to the elimination of earlier 
successional species and creating new open spaces for other 
species to become established (Abrams & Scott 1989). In 
more advanced successional forests, medium-high frequency 
level of disturbance creates a mosaic of patches of different 
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and successional status, resulting in an increase of vegeta
tion diversity (Pickett & White 1985 ). 

The NE USA have a low rate of extremely strong winds, 
where return interval of catastrophic winds (hurricanes and 
tornadoes) is between ca. 1200 (Canham & Loucks 1984) 
and 1500 yr (Thom 1963). Due to that, windthrows, with a 
rate of once every 100-150 yr (Moore 1988), represent a 
basic clement in the understanding of forest structure and 
dynamics (Foster 1988). 

We monitored changes in basal area, density and tree 
species composition in two Minnesota forests. The objec
tives of the study are to document trends in forest structure, 
composition, and diversity, and to interpret these trends in 
light of the successional status of the forests. 

Material and Methods 

Study site 

We conducted our study in the Cedar Creek Natural 
History Area (CCNHA), which is one of the U.S. National 
Science Foundation's Long Term Ecological Research 
(LTER) sites, located in Anoka and Isanti Counties, Minne
sota. CCNHA is located on the Anoka sand plain. On July 
3, 1983, straight-line winds caused substantial mortality in 
a number of forests throughout CCNHA. We established 
permanent plots in two different sites: an oak forest domi
nated by Quercus borealis, Q. alba, Q. macrocarpa and 
Populus grandidenta, and a pine forest dominated by Pinus 
strobus. Since P. strobus typically colonizes oldfields, and 
since the white pine forest has the appearance of an even
age structure, we believe this site is of an earlier succes
sional stage than the oak forest. Neither of the sites had any 
clear signs of cutting or other major recent anthropogenic 
disturbance. 

Sampling 
Two weeks after the storm, we established a 50 m x 50 m 

plot in the oak forest, and a 60 m x 50 m plot in the pine 
forest. We mapped the locations of all living and dead stems 
> 2.5 cm DBH, by species. We also counted, but did not 
map, saplings (individuals> 1.3 m in height but< 2.5 cm 
DBH) in each quadrat. Since it was usually obvious when 
the dead trees were killed during the windstorm, we were 
able to reconstruct pre-storm, as well as post-storm, forest 
structure. We remapped the plots in 1990, 1993 and 1997. 

Data analysis 
We used Detrended Correspondence Analysis (DCA, 

Hill & Gauch 1980) to examine whether species composi
tion changed through time, whether the two sites behaved 
similarly, whether the initial effect of the disturbance was to 
accelerate succession, and whether the two sites converged 
in composition through time. We performed separate analy
ses for the two sites using tree basal area. 

We performed all multivariate analyses with CANOCO 
(ter Braak 1987). Except where otherwise noted, statistical 
methods followed Zar ( 1984 ). 
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Table 1. Basal area (m2/ha) and densities (ind/ha) of trees in the Oak forest along 14 yr of succession. Total values are also indicated. 

1983 before storm 1983 after storm 
B.a. Dens. B.a. Dens. B.a. 

Acer negundo 0.0137 8.00 0.0137 8.00 0.0944 
Acer rubrum 0.1513 56.00 0.1430 48.00 0.8200 
Amelanchier spec. 0. 1088 64.00 0.0835 48.00 0.1166 
Betula pap_vrifera 2.4433 128.00 0.7307 48.00 0.8997 
Corn us alternifo/ia 0.0049 
Cory/us americana 
Fraxinus nigra 0.8024 172.00 0.6828 148.00 1.3811 
/lex verticil/ata 
Pinus banksiana 4.6468 64.00 
Pinus resinosa 0.6448 8.00 
Pinus strobus 1.5808 24.00 0.1606 8.00 0.4344 
Populus grandidentata 4.0061 120.00 0.2314 36.00 0.4505 
Prunus serotina 0.4184 68.00 0.3188 56.00 0.8222 
Prunus virginiana 0.0388 36.00 0.0164 16.00 0.0337 
Quercus alba 0.2238 40.00 0.2238 40.00 0.3700 
Quercus ellipsoidalis 12.9681 248.00 8.7360 160.00 10.9118 
Quercus macrocarpa 0.8755 64.00 0.8755 64.00 1.0485 
Vitis riparia 
Ulmus americana 0.0491 4.00 0.0491 4.00 0.0725 

Results 

The pre-storm basal area and the density of the oak 
forest were 28.97 m2/ha and 1104.00 ind/ha respectively. 
In the oak forest the dominant species were Quercus 
borealis, Populus grandidentata and Pinus banksiana. 
The pre-storm basal area and density of the white pine 
forest was 41.94 m2/ha and 1069.20 ind/ha. The dominant 
species was Pinus strobus, and with much less importance 
(Tables I and 2). 

The two forests differed in their initial response to distur
bance, and their recovery following disturbance (Fig. I). 
The oak forest lost 60% of the basal area and recovered 40% 
during the succession, while the pine forest lost 80% of the 
basal area and recovered only 20% (Fig. 1 a). Tree density in 
the oak forest quickly increased to well above the initial 

1990 1993 1997 
Dens. B.a. Dens. B.a. Dens. 

48.00 0.1539 48.00 0.1646 28.00 
360.00 1.5777 600.00 2.5384 708.00 
64.00 0.1056 60.00 0.0516 16.00 
64.00 0.5844 64.00 0.6832 64.00 

8.00 0.0053 8.00 
0.0036 4.00 

292.00 1.9584 384.00 2.3362 376.00 
0.0023 4.00 

8.00 0.5504 8.00 0.7285 8.00 
132.00 0.6892 128.00 0.8368 92.00 
236.00 0.8775 212.00 1.1066 180.00 

20.00 0.0257 16.00 0.0247 16.00 
44.00 0.4895 60.00 0.5881 60.00 

164.00 11.9369 188.00 13.5847 172.00 
92.00 0.6762 96.00 0.7602 92.00 

0.0076 12.00 
4.00 

values, and experienced a slight decline from 1993 to 1997. 
In contrast, in the pine forest, tree density approximately 
returned to pre-storm levels by 1993 (Fig. I b ). The sapling 
density decreased after 6 yr of succession in the oak forest, 
due to mortality as well as recruitment to tree size classes; 
we did not observe this pattern in the pine forest (Fig. le). 

The two forests also differed in how species richness 
changed through time. Tree species richness following the 
storm was unchanged in the oak forest while it increased by 
five species in the pine forest (Table 1 and 2). Prior to the 
storm, Q. borealis was the dominant species of the oak 
forest and it remained dominant immediately after the storm 
and after 14 yr of succession. The basal area of Q. borealis 
was reduced by 37% in the oak forest with similar basal area 
in the 1997 sampling compared to before the storm. The 
most numerous species in the oak forest prior to the storm 

Table 2. Basal area (m2/ha) and densities (ind/ha) of trees in the Pine forest along 14 yr of succession. Total values are also indicated. 

1983 before storm 1983 after storm 1990 1993 1997 
B.a. Dens. B.a. Dens. B.a. Dens. B.a. Dens. B.a. Dens. 

Acer negwzdo 0.0202 9.90 0.0202 9.90 0.1679 42.90 0.2810 49.50 0.4544 49.50 
Acer rubrum 0.0540 13.20 0.0330 9.90 0.1664 49.50 0.3248 62.70 0.6053 62.70 
Ame/anchier sp. 0.0020 3.30 0.0052 6.60 0.0039 3.30 
Betula pap_vrifera 5.1361 128.70 1.5327 39.60 1.5672 39.60 0.6404 56.10 0.8339 85.80 
Comus altern(folia 0.0146 9.90 0.0022 3.30 0.0114 13.20 0.0120 9.90 
Fraxinus nigra 0.1902 89.10 0.1623 79.20 0.6029 155.10 0.9235 165.00 1.2070 161.70 
flex rerticillata 0.0034 3.30 0.0058 9.90 0.0080 13.20 0.0048 6.60 
Pinus strobus 36.2622 640.20 10.1999 178.20 11.5766 204.60 12.8287 214.50 12.8419 207.90 
Popa/us grandidentata 0.0354 9.90 0.0317 6.60 0.0573 9.90 0.0756 6.60 0.0630 3.30 
Pru.nus pensil\'anica 0.0134 3.30 0.0134 3.30 0.0325 3.30 0.0496 6.60 0.0545 3.30 
Prunus serotina 0.1851 135.30 0.1067 85.80 0.4652 184.80 0.7511 194.70 0.9240 141.90 
Prunus virginiana 0.0068 6.60 0.0041 3.30 0.0117 6.60 0.0127 3.30 0.0228 6.60 
Quercus alba 0.00 0.0313 26.40 0.0721 36.30 0.1284 36.30 
Quercus ellipsoidalis 0.0027 3.30 0.0027 3.30 0.0727 56.10 02016 135.30 0.5283 231.00 
Quercus macrocarpa 0.0062 3.30 0.0062 3.30 0.0342 13.20 0.0530 19.80 0.0876 19.80 
Rhamnus cathartica 0.0062 6.60 0.0145 9.90 
Rhamnusfra111;ula 0.0022 3.30 0.0062 6.60 
Rhus tvphina 0.0251 26.40 0.0565 33.00 0.0668 23.10 
Ulmus americana 0.0152 9.90 0.0059 6.60 0.1360 42.90 0.3382 49.50 0.3423 33.00 
Vitis riparia 0.0128 19.80 0.0157 16.50 
Znntlwxylum americanum 0.0018 3.30 0.0018 3.30 0.0043 6.60 0.0071 9.90 0.0114 13.20 

Total 41.94 1069.20 12.12 432.30 14.96 884.40 16.66 1105.50 18.22 1131.90 
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•Oak forest • White pine forest 
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Fig. I. Tree basal area (a). tree density (b) and sapling density 
(c) as a function of time since the windstorm. The initial 
decline in 1983 represents the direct effects of the storm. 

Fig. 2. Species and site scores for the DCA axes based 
on tree basal area (eigenvalues 0.731 and 0.053; cumu
lative % variance of species data of both axes was 
82.7% ). Circles indicate the oak forest and squares the 
white pine forest (indicating the sampling year; b = 
before the storm; a= after). Axis 3 (not shown) did not 
reveal interpretable patterns for species of sites; its 
eigenvalue= 0.009. 
Abbreviations for species names: 
ACNE Acer negwzdo ACRU Acer rubrum 

AMSP Amelanchier spec. BEPA Betula papvrifem 

COAL Comus a/rernifo/ia COAM Cordus americmw 

FRNI Fraxinus nigra ILVE /lex rertici/lata 

PIBA Pinus hanksiana PIST P. strobus 

PRPE Prunus pensylvanica PRSE P. serotina 

PRVI P. l'irginiana POGR Populus grandidenwta 

QUAL Quercus alba QUBO Q. ellipsoidalis 

QUMA Q. macrocarpa RHCA Rhamnus cathartica 

RHTY Rhus Aphina ULAM U/mus americmw 

VIRI Vitis riparia XAAM ZL1nthoxrlwn,mzericmuo11. 

were Q. borealis and P. grandidentata. Acer rubrum and 
Fraxinus nigra have replaced them after the storm (Table I). 

In the pine forest P. strobus was the dominant species in 
terms of basal area. It also remained dominant immediately 
after the storm and throughout the study. P. strobus lost 60% 
of its basal area during the storm. After 15 yr the basal area 
of P. strobus did not recover its pre-storm levels. P. strobus 
remained numerous, but Prunus serotina and Q. borealis 
had similar densities (Table 2). 

Codominant species (B. payrifera, P. grandidentata and 
P. strobus in the oak forest and B. papyrifera in the pine 
forest) were more affected and did not recover their 
codominance after 15 yr. 

Ordination of both sites through time (based on basal 
area) showed a strong site effect on the first axis, with 
species typical of the pine forest on the left, and species 
typical of the oak forest on the right (Fig. 2). The second axis 
appeared to be a temporal effect, with species that increased 
through time at the top, and those which decreased at the 
bottom. Note that the initial effects of the disturbance (i.e. 
comparing the 1983 site scores before and after the storm) 
are in the same direction as the change in later years. This 
means that the best-surviving species also grew well fol
lowing the storm. 

Discussion 
Although tree species richness did not change much in the 

oak forest, it increased in the secondary pine forest. Tree 
richness tends to reach a low point in the middle of second
ary forest succession, and then increase as the forest enters 
a steady-state (Bormann & Likens 1978, but see Perry 
1994 ). It is possible that by releasing juveniles that were 
competitively suppressed by the canopy, the windstorm 
accelerated the inevitable increase in diversity. 

In the oak forest, the two most shade-tolerant species, 
Quercus borealis and Acer rubrum almost recovered or 
even increased their basal area after 14 yr, and also A. 
rub rum has the greatest basal area after 14 yr. A. rub rum has 
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a high rate of asexual regeneration that may explain its high 
density. Canham & Marks ( 1985) considered A. rub rum to 
be a climax species that depends on pulses of resources 
produced by small-scale disturbance. 

Although Pinus strobus decreased dramatically after the 
storm in the white pine forest, and recovered very little, it 
continued being the dominant species in the pine forest. 
However. the current rapid increase in Prunus serotina, Q. 
borealis, and other more shade-tolerant species, implies 
that P. strobus will soon be replaced. 

In the late successional oak forest. disturbance did not 
cause an extreme change in the structure. In the white pine 
forest, however, changes are more dramatic and the recov
ery of basal area and density is slower. Physiognomy, 
structure (age, height and density), and compositional char
acteristics of the vegetation mosaic explains the difference 
between the later and earlier successional stand. 

The net effect of the disturbance was to accelerate succes
sion by removing large early successional trees, at least in 
the white pine forest. Windthrows could provide establish
ment opportunitie~ for other tree species, especially in 
earlier successional stands. This point of view has been 
strongly supported in various studies (Dyer & Bair 1997; 
Glitzenstein & Harcombe 1988; Abrams & Scott 1989; 
Glitzenstein et al. 1986). and is contradictory to Clements' 
(1916) paradigm, according to which disturbance largely 
interrupts and reinitiates seral development. 
The study of successional convergence is greatly affected 
by temporal and spatial scale as well as the sampling design 
(Leps 1991 ). It is therefore difficult to know whether our 
observation of a slight successional convergence between 
the two forests is a general phenomenon. It is not possible 
to untangle whether the convergence between our sites 
would have occurred without the disturbance. 

This study offers some information about the effect of 
wind disturbance in the vegetation and a secondary succes
sion analysis. If the global warming models are confirmed, 
the boreal forest dynamics could be altered by the beginning 
of the next century (Overpeck et al. 1990) due to these kind 
of disturbances. The accumulation of information about 
wind disturbances could be essential for the preservation of 
certain forests. 
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Abstract. Are there irreversible 'thresholds' which prevent 
present vegetation from spontaneously returning to the 'origi
nal' vegetation? This question is frequently discussed by re
searchers and managers of Mediterranean forests and wood
lands of southern Europe, which have all been considerably 
modified by human activities since the last glaciation, ca. I 0 
000 yr ago, but which may return in some way now agricul
tural land is being abandoned, especially since the 1950s. 
According to trends observed, we hypothesized that an au
togenic return to the original mixed hardwood-conifer forest 
dominated by the deciduous oak Quercus pubescens, and re
lated species, would be fully possible in mid-altitude zones on 
more or less acidic soil substrates that have until recently been 
dominated by cultivated forests or coppice stands of Castanea 
sativa. In this case no 'threshold crossing' would be required 
for autogenic restoration to take place. 

We tested the hypothesis with regard to two critical proc
esses, i.e. (I) seed germination and early sapling establishment 
in Q. pubescens as compared to Castanea sativa, under a 
canopy cover of predominantly Castanea sativa, and (2)vary
ing levels of resistance to invasion by an introduced and 
opportunist species, Pinus pinaster in land units of varying 
ages following agricultural abandonment. The results tend to 
support the hypothesis, even if local environmental factors 
largely influenced and modified the processes observed. 

Keywords: Autogenic restoration; Castanea sativa; Germina
tion; Invasion; Mediterranean climate; Pin us pinaster; Quercus 
ilex; Quercus pubescens; Vegetation dynamics. 

Nomenclature: Tu tin et al. ( 1964-1980 ). 

Introduction 

Many authors agree that at the end of the last glaciation 
(ca. I OOOOBP) landscapes dominated by chestnut ( Castanea 
sativa) at mid-altitudes ( ca. 300- 1100 m) in the Cevennes 
mountains of southern France was a mixed deciduous oak 
forest (mainly Quercus pubescens, but also Quercus petraea 
and their hybrid xQuercus streimi), with intermingled coni
fers including pines, junipers and possibly other taxa (Pons 
eta!. 1974; de Beaulieu & Pons 1978; Pons 1981; Arnaud & 
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Bouchet 1995). However, over the past millennia, and 
especially in the last few centuries, the deciduous oaks and 
other trees were progressively removed and replaced, espe
cially by Castanea sativa tree farms and coppice stands 
planted on acidic to neutral soils. Similar processes oc
curred in the matorral or garrigues woodlands south of the 
Cevennes, and at lower elevations, mostly on limestone 
(Rei Ile & Pons 1992; Bonin & Romane 1996; Debussche et 
al. 1996; Barbero etal. 1998). 

The economic importance of these Castanea sativa groves 
or orchards for nuts, and coppice stands for timber and 
wood, fluctuated over the centuries and reached a maximum 
in the middle of the 19th century (Arnaud & Bouche! 
1995). Over the past few decades, however, the impact of 
agriculture has drastically decreased. This trend has been 
reinforced in the Cevennes because of the attacks of the 
chestnut blight (Cryphonectria parasitica), and more re
cently as a result of the set-aside land policy of the Euro
pean Union (Bourdeau 1992). Similarly, Quercus ilex cop
pices in the garrigue zone, long exploited for fuclwood, 
charcoal and tannin, as well as acorns for livestock, are 
now increasingly abandoned. 

Thus the question arises: 'Quo vadis? Or, what is to be 
the future of these ecosystems with Quercus ilex and 
Castanea sativa? Will they persist or will they progres
sively return to pre-existing vegetation? In the case of the 
Quercus ilex coppice stands in the garrigue woodlands, 
where the role of invasive species is minor, we have al
ready shown that Quercus pubescens germinates and be
comes established more readily than Quercus ilex. In this 
case there is no threshold to prevent a return of the original 
vegetation (Bran et al. 1990; Li & Romane 1997). In the 
case of the Castanea sativa dominated zones, experimental 
results obtained (Romane etal. 1992; Bacilieri etal. 1993, 
1994) led us to hypothesize that spontaneous recovery by 
the prehistoric deciduous oak forest was possible. We 
analysed two critical vegetation dynamics processes to test 
this hypothesis: (I) comparative germination of the for
merly dominant Quercus pubescens in Castanea sativa
dominated ecosystems on acidic and neutral soils, and (2) 
resistance to exogenous species that might compete with 
the oaks, and the chestnut, for light and other resources on 
land units in various stages of agricultural abandonment. 

Germination and survival: Quercus vs. Castanea 

Materials and Methods 
We conducted a germination trial at two climatically 

contrasting sites in the Gard region of southern France: 
I. Tourgueille (3°40'35"E, 44°7'30"N; rural district of 

St. Andre-de-Valborgne; 740 m a.s.l.), in the transitional 
zone between the Mediterranean and Atlantic climate zones. 
Estimated mean annual rainfall is 1600 mm, and mean 
annual temperature is about I0.0°C (Canel unpubl.); 

2. Falguerolles (3° 49'58" E, 44 ° l '34" N, near Colognac, 
580ma.s.l.) with a more Mediterranean climate. Estimated 
mean annual rainfall is 1400 mm, and mean annual tem
perature is ca. 12.0° C (Canel unpubl.). The germination 
trial was conducted (Bouchet 1993) in cages with a 5 mmx 
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5 mm metallic wire mesh partially buried 20 cm deep to 
deter birds, wild boars, livestock and small mammal 
granivores. We sowed 50 Quercus pubescens acorns and 
50 Castanea sativa nuts in each of four 1-m2 plots (i.e. one 
fruit/dm2). We sowed at the end of October by burying the 
fruits just below the soil surface after removing all leaf litter 
to be able to observe seedling emergence. Initially, the 
experimental design was set up 2 x in Tourgueille (T) and in 
Falguerolles (F) , but wild boars overturned the cages in 
one of the Falguerolles sites. 

Results and Discussion 
In site Tourgueille I, seedling survival rate after one year 

of observation showed (Table I) that Castanea sativa sur
vived (48.0%) at a significantly (p<0.001) higher rate than 
Quercus pubescens (23.0% ). In the Tourgueille II and 
Falguerolles sites, no significant differences were found 
between the seedling survival rate of the two species (36.0% 
and 31.5% in Tourgueille I, and 41.5% and 38.5% in 
Falguerolles ). 

The results clearly showed that Quercus pubescens is 
able to germinate in the Castanea sativa understorey, even 
if it is at much lower rates than in Quercus ilex coppice 
stands (Bran eta!. 1990; Li & Romane 1997). This tends to 
support our original hypothesis of a possible autogenic 
return of Quercus pubescens in these Castanea sativa 
dominated ecosystems. Nevertheless, the higher, or nearly 
equal, germination rate of Castanea sativa suggests that 
Castanea sativa can spontaneously maintain populations in 
these landscapes for a long time to come. This supposition is 
supported by the observation that there are very few adult, 
seed-producing Quercus pubescens individuals remaining 
in the Castanea sativa-dominated life zones and ecosystems 
in the mid-altitude Cevennes. Notably, we did not find any 
evidence in these Castanea sativa ecosystems on acid soils 
of an allelopathic-like process inhibiting the germination of 
Castanea sativa as was demonstrated for Quercus ilex ger
mination in Quercus ilex coppice stands on limestone 
(Bacilieri etal. 1993; Pana"iotis 1996; Gonzalvez unpubl.). 

Resistance to the invasive Pinus pinaster 

Pinus pinaster was introduced in southern France and 
western France at the end of the last century for turpentine 
and timber production. In the Cevennes where it was 
introduced for gallery timber production, Pinus pinaster 

Table 1. Seedling survival rate (%) of Castanea sativa and 
Quercus puhescens in the Tourgueille and Falguerolles 
(Cevcnnes) sites. 

Sites Tourgueille I Tourgueille II Falguerolles 

Castanea sath'a 
Average 48.0 36.0 41.5 
Standard Deviation 4.1 3.6 6.6 

Quercus pubescens 
Average 23.0 31.5 38.5 
Standard Deviation 3.3 5.0 7.6 

very quickly escaped cultivation and began invading the 
Cevennes, among other areas. What is its state today? Is it 
still invading the remaining Castanea sativa stands, or 
have dynamic processes of autogenic restoration begun to 
block or resist such invasions? At a third site in the Cevennes, 
Pallieres, we initiated a preliminary study of this problem. 

Study site and experimental design 
The Pallieres site (3° 56' 34" E, 44° 4' 28" N; ca. 450 m. 

a.s.l. is located on deep, sandy granitic substrates with pH 
4-5). Mean annual rainfall is 1100mm, and mean annual 
temperature is 12.5°C (Marek unpubl.), which points to a 
transitional position between Mediterranean and Atlantic 
climate zones. 

The experimental design (Fig. I) wa~ a 40 mx I OOm rectan
gle where eighttransect lines were established which tra
versed four successive zones of ca. 25m each (for measure
ment we used exactly 25 m): 
ZoneA(0-25 rn): a Pinus pinaster woodland planted ca. SO yr ago; 
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Fig. I. Left: Sketch of the experimental design of Pallieres 
(Gard, Southern France) to study the dynamics of Pinus 
pinaster. A is the Pin us pinaster area, D the Castanea sativa 
area, B and C the intermediate areas. Right: Frequency 
distribution (N) of the height of young Pinus pinaster in the 
areas A, B et C. 
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Zone B (25 - 50 m): appeared to be a 50-yr old fallow which was 

heavily invaded by Pinus pinaster, probably starting ca. 40yr ago; 

Zone C (50- 75 m): also an old fallow, but here P. pinaster started to 

invade only IO - 20 yr ago; 

ZoneD(76-100m): abandoned ca. 40 yr ago; Castanea saliva grove, 

with very few pines present. 

Along the 8transect lines, 260squares (2.5mx2.5m each) 
were randomly selected, with an average of 40 squares per 
transect. We recorded the tree height - known to be corre
lated with age, and the coordinates of each Pinus pinaster 
individual. 

Results and Discussion 
Data were analysed separately in each zone (A to D) by a 

frequency distribution curve of tree heights. In zone A, 
where 381 pines were recorded, we observed a high number 
of large individuals whose size ranged from 18.0 to 23.5 m 
in height, i.e.40 - 50 yr old (bottom of Fig. I). These are 
probably individuals of the first generation, and intention
ally planted. In this zone A, a second group of individuals 
ranged from 12 to 16 m in height (25 - 35 yr old), probably 
belonging to the second generation. A third generation was 
also observed (4-9m, 15-20yr) as well as a fourth one (less 
than 4.0m). 

In zone B, the number of tall pine trees decreased as well 
as the number of individuals in younger generations (mid
dle of Fig. I). In contrast, the number of young saplings was 
again high; there were 317 individuals in all. In zone C, 
fertile individuals (i.e.>5 m) became rare and were all< 9.5 
m tall. There were only 196P. pinaster individuals in all. In 
zoneD, where Castanea sativa trees dominated, there were 
only 25 P. pinaster individuals present and their maximum 
height was 0.5 m. 

These results suggest that the invasion by P. pinaster was 
slow because there were only one or two generations in 
zone C. If this invasion would have been quicker we would 
have observed three or four pine generations in this zone, 
just as in zones A andB. This can be asserted since the jay 
(Garrulus glandarius) and other animals known to dis
perse pine (and oak) seeds are abundant in the area (Glutz 
vonBlotzheim & Bauer 1993; Cramp & Perrins 1994). 

The horizontal pattern of P. pinaster individuals in the 
4000 m2 study area supported the idea that the pine inva
sion proceeded slowly at the border of the first pine woodlot, 
i.e. only 30-40m over a period of ca. 50 yr. Similar results 
have been reported for coniferous vegetation in other parts 
of the Mediterranean region. For example, Acherar etal. 
(1984) found that 91.8% of Pinus halepensis seeds fell to 
the ground less than 12 m from the mother trees and 97 .0% 
less than 24 m. Trabaud & Cam pant ( 1991) also found that 
94% of the seeds of Pinus nigra ssp. salzmannii fell less 
than 14m from the mother trees. This rather short-range 
dissemination of P. pinaster, as well as the decreasing 
speed of this invasion, has been recently confirmed, also in 
the increasingly rare open areas (Pillet unpubl.; Shater 
unpubl.). 

Concluding remarks about the sustainability of the 
chestnut ecosystems 

The available pieces of the jigsaw describing the vegeta
tion dynamics in this Cevennes region where human influ
ence is drastically decreasing, allow us to say that this 
dynamics is rather slow considering the time scale of 
several decades and probably slower than in the nearby 
garrigue area where Quercus ilex is dominant. 

It also appeared that the resilience (sensu Westman 1986) 
of these Castanea sativa ecosystems was sufficient to 
enable a return to original forest states (Allen 1989; Aronson 
eta!. 1993). Nevertheless, elasticity of these ecosystems, 
i.e. the time needed for autogenic restoration to take place 
following a perturbation (Orians 1975; Westman 1978, 
1986), is very low, especially due to the fact that the oaks 
have been removed almost totally throughout the area to 
make way for crops or groves during the last centuries. 
Thus, if full restoration is sought, extra measures to accel
erate the process may be necessary. Alternatively, if in 
some areas at least it is desired to preserve Castanea sativa
dominated landscapes and ecosystems, interventions to 
restrain re-colonisation by Pinus pinaster and Quercus 
pubescens will clearly be required. 

What about the role of Pinus pinaster in this dynamical 
process? It is difficult to forecast its dynamics in the 
Cevennes in the long run, as was attempted by Carcaillet et 
al. ( 1997) for the Corsica. Nevertheless, our results show 
that the speed of invasion of this species was probably 
slower than that of some decades ago when it first began to 
escape cultivation in the Cevennes. This process is probably 
due to the fact that the vegetation is denser now than when P. 
pinaster was first introduced. 

However, an unknown factor remains: fire. Many au
thors consider that this factor is very important in P. pinaster 
dynamics (Carcaillet et al. 1997) and also for other pine 
species (Bergeron ct al. 1997). Nevertheless, it appeared to 
us that the dynamics of P. pinaster could not lead to a 
'paraclimax' in the Cevennes of the same type of those 
described by Barbero etal. (1998), this because of the results 
obtained with the Quercus pubescens germination trial. 

Additional pieces of the puzzle that will need to be put in 
place in order to predict, and advise land managers dealing 
with the future of these ecosystems, clearly include graz
ing, and the dynamics of seed dispersal by birds, rodents 
and other mammals. Ultimately, however, decisions will 
also have to be made on social, especially economic and 
environmental grounds, in order to develop a proper man
agement of the increasingly abundant, and more or less 
consciously 'set-aside' lands throughout southern Europe. 
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Abstract. Constraints on species abundances are examined 
through time using permanent plot data from the Buell-Small 
Successional Study. Abundance is represented by the cover of 
species in 1-m2 quadrats. Variance of total cover of species 
was compared to a patch based null model, which assumes no 
interactions between species. We found significant variance 
deficit in the total abundance of species in each year of the 
secondary succession, except the very early stage. The deficit, 
interpreted as the degree of constraint on abundance, fluctu
ates over time with no simple trend. We explain this pattern as 
a competition-based assembly rule in secondary succession. 
Our results suggest that assembly rules are more clearly ex
pressed during the process of community assembly than in 
mature communities. If functional groups are considered sepa
rately, the variations of their abundances show significant 
deviation from randomness only during the period when the 
particular functional group is dominant across sampling units. 
Extending the 'Three phase' model of Gitay & Wilson ( 1995 ), 
we propose a 'Multiple phase' model for forest succession, 
that is, a composition of three-phase dynamics of distinct 
functional groups. 

Keywords: Assembly rule; Community structure; Functional 
group; New Jersey: Permanent plot; Spatially constrained null 
model. 

Introduction 

Succession of vegetation is often represented as changes 
in the abundance of species based on average counts, 
where the sequence of species is explained by population 
level attributes (Noble & Slatyer 1980; Pickett et al. 1987; 
Walker & Chapin 1987; Tilman 1988; Pickett & McDonnell 
1989). For practical reasons, most of these works focused 
on dominant species and attempted to explain the pattern of 
average abundances over time. Much less is known about 
the contribution of subordinated species and about the 
development of multi-species patterns in succession. 

Recently, attempts have been made to develop methods 
for detecting plant community structure compared to null 
models of independent species distributions (e.g. Watkins 
& Wilson 1992; Bycroft et al. 1993; Bartha et al. 1995; 
Leps 1995;Palmer& van derMaarel 1995; Wilson &Gitay 
1995). The aim of these methods has been to find assembly 
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rules (Diamond 1975; Drake 1990; Wilson 1994), i.e. 
regularities in the collective patterns of species occur
rences and abundances which could be the result of 
interspecific interactions limiting species coexistence. Most 
studies examining community structure used presence/ 
absence data (e.g. Palmer 1987; Wilson 1989; Wilson et al. 
1992, 1995a, b, Klimes 1995; Mucina & Bartha 1999) and 
found surprisingly few deviations from randomness. Wilson 
& Gitay ( 1995) proposed to examine the spatial patterns in 
species abundances as a potentially more sensitive indica
tor of assembly rules. 

Here we examine assembly rules for abundance, repre
sented by cover data, from a 33-yr-long permanent plot 
study of oldfield succession. We expect a general increase 
in constraints on species coexistence over time due to 
cumulative effects of mechanisms generating patterns. In 
parallel with increased deviation from randomness at the 
community level, more complex patterns of assembly rules 
are expected at the level of functional groups. 

Study site 

The Buell-Small Successional Study (BSS) is one of the 
longest continuous studies of old-field succession. The 
study site comprises 10 old fields around an old growth 
forest, the Hutcheson Memorial Forest (HMF), located 11 
km from New Brunswick, NJ, USA (40° 30' N, 74° 24' W). 
The climate is subcontinental temperate with 1120 mm of 
precipitation distributed evenly throughout the year. Mean 
annual temperature is 11.7 °C, mean January temperature 
is O °C, mean July temperature is 24 °C. Soil is silt loam, 
shallow, poorly horizonated, endodynamomorphic soil. 
Each field contains a regular grid of 48 0.5 m x 2 m 
permanent plots. The distance between neighbouring 
quadrats is IO m. Vegetation was sampled yearly in late 
July or early August from 1958 to 1979, and in alternate 
years since 1980. Field C-3, abandoned unplowed in the 
autumn of 1958 after a crop of soybeans (Glycine max) and 
sorghum (Sorxhum vulxare), was chosen for the present 
study. For details about the post-agricultural vegetation 
trends sec Pickett ( 1982). 

Methods 

For detecting constraints on the abundances of co
occuring species we used an index that was proposed by 
Wilson & Gitay ( 1995). Instead of biomass we used visu
ally estimated cover values. RV"= V0 b/Vcxp' where V0 b, is 
the observed variance of total cover per quadrat, and Vcxr is 
the variance of cover per quadrat under the null model if 
there is no interaction among the species. Vexr is estimated 
as the average over 2500 randomizations. The variance 
deficit is calculated as the difference between V

0
b, - Vexp· 

To avoid the obscuring effects of environmental heteroge
neity we used a patch-based null model (Watkins & Wilson 
1992) with the algorithm of restricted swapping (Wilson & 
Gitay 1995). Our sampling units formed a rectangular grid. 
The cover value of a species was exchanged with one of the 
non-zero cover values of the same species chosen ran-
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domly among six quadrats in its closest neighbourhood. 
I 000 swaps were used in each step of the analyses. The 
significance (i.e. probability of the observed result under 
the null model) was obtained from randomization tests as 
the proportion of the 2500 randomizations in which Ve,p is 
more extreme than Vohs· RV, was calculated for the whole 
community, for herbs, shrubs+ woody vines, and trees (i.e. 
functional groups based on morphology and life form), 
separately. In the case of the functional groups the total 
cover of species belonging to each group was calculated. 
We classified species into functional groups according to 
Gleason & Cronquist ( 1991 ). 

Results and Discussion 

We found significant variance deficits in the total abun
dance of species during the 33-yr period of secondary 
succession, except in the I st and the 3rd year (Fig. I a). Our 
result suggests an assembly rule (i.e. the restricted co
occurrence of species) structuring the plant community in 
succession. The assembly rule simply means that the abun
dance of a particular species is limited by the abundance of 
other species. This rule implies that if one species is locally 
more abundant, the abundances of other species are re
stricted, i.e. V

0
i,, < Vexp (Wilson & Gitay 1995). Lower 

values of RV, suggest stronger constraints. With similar 
methods, but based on the variation of species richness, a 
temporary loss of community structure (i.e. the relaxation 
of assembly rules) was reported after disturbance followed 
by a recovery of structure (Wilson et al. 1992, 1995a). 
Studies on secondary succession (Palmer 1987; Zobel at al. 
1993) found variance deficits in species richness in the 

early stage ( 1 - 5 yr) of succession, and in the older stages 
either a significant increase of variance or randomness. 
Palmer (1987) and Zobel et al. (1993) applied a complete 
randomization of observed values among the quadrats (Site 
model, cf. Watkins & Wilson 1992). Therefore they de
tected an increasing variance and patchiness of species 
richness due to the increasing environmental heterogeneity 
over time. In the present study we used a spatially restricted 
randomization (a patch model, cf. Watkins & Wilson 1992) 
that removes the effects of habitat patchiness on the de
tected variance. This randomization helps to reveal the 
regularities and constraints on local coexistence within a 
habitat patch. The difference between non-spatial and spa
tial null models explains why we got more significant 
values and a consistent variance deficit over time despite 
the continuous changes in species composition. The most 
likely reason for this regularity is a competition-based 
assembly rule (Wilson & Gitay 1995) that is operating 
constantly in secondary succession. 

If functional groups are considered separately, the con
sistent patterns disappear and there is more randomness in 
the variance of abundances (Fig. 1 b-d). Each group shows 
significant RV, values only during a restricted period, when 
that particular group is the most abundant in succession, 
and it dominates most of the sampling units (Fig. 2). 
During this period the variance of total cover of the func
tional group is constrained by species within that group, 
and the contribution of members of other functional groups 
is probably insignificant. Within the period of dominance 
of a functional group there is a decreasing trend of RV, of 
the group over time, suggesting a cumulative effect of the 
mechanisms that constrain coexistence of species. This 
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trend appears for herbs during the first IO yr of succession 
and for shrubs and woody vines between the I 0th and the 
23th yr. When a functional group is losing dominance there 
is an increase of RVc, indicating the relaxation of within
group constraints. Such relaxation happens after the I 0th 
yr for herbs and after the 23th yr for shrubs and woody 
vines. 

Although the most probable explanation for variance 
deficit in abundance is competition, the interpretation of 
patterns of RVc requires caution. For example, the non
significant RVc values of herbs after yr 13 of succession 
does not necessary mean that their abundances are uncon
strained and no assembly rules are operating. Rather, herbs 
become subordinated and gradually overgrown by shrubs, 
woody vines and trees. Interpretation can be improved by 
analysing permanent plot data (Rejmanek & Leps 1996) 
and by taking temporal contingencies into account. In our 
case, analysing temporal variation of the abundance of 
herbs reveals a clear decrease over time and suggests that 
some constraints are operating on their abundance. Signifi
cant variance excess of the total cover of herbs was de
tected in yr 21 and 27 of succession. The most probable 
explanation is that the abundance of herbs increased locally 
in small gaps which opened temporally in succession. In 
certain years (yr 14, 16, 17,22 and 28) there is no signifi
cant variance deficit in any of the functional groups but 
only in the whole community. This suggests mutual con
straint between functional groups. Previous studies found 

surprisingly few assembly constraints in the spatial varia
tion of guilds (defined by vertical stratification of the 
vegetation) in mature forests (Wilson 1989; Bycroft et al. 
1993; Wilson et al. 1995b). Possible reasons for these 
results are that within-guild assembly rules are masked by 
between-guild constraints and such between-guild assem
bly rules are more expressed during the community assem
bly e.g. secondary succession than in steady-state forests. 

There are numerous studies discussing methodological 
problems of detecting and interpreting assembly rules de
rived from presence/absence data (e.g. Bycroft et al. 1993; 
Bartha et al. 1995; Leps 1995; Palmer & van der Maarel 
1995). Uncertainties of interpretation are considerably de
creased by examining abundance instead of presence/ab
sence data, and the application of a patch model helps to 
remove the effects of environmental heterogeneity (Wilson 
& Gitay 1995). Our analyses were based on visually esti
mated cover values instead of biomass which was origi
nally proposed by Wilson & Gitay ( 1995). Compared to 
biomass, cover value is a less precise estimate of abun
dance. Still, we found many significant deviations from the 
null model, and consistent patterns of deviations over time. 
Variance tests of community structure based on cover 
values can be applied if the covers of individual species are 
estimated independently and the estimated value of one 
species does not influence the estimates of other species. If 
the cover of subordinated species are systematically under
estimated, randomization tests would detect variance defi
cit. There is a potential for this artefact in quadrats with 
overlapping tree canopies. In our case, such quadrats are 
present in ca. 20% of the sampling units beginning with the 
20th yr of succession, still the first significant variance 
deficit in the functional group of trees appeared only in yr 
31. Therefore, we believe that this potential sampling arte
fact did not influence our results. 

Gitay & Wilson ( 1995) proposed a 'Three-phase' model 
of succession. Succession starts with distinctly unpredict
able species composition in the first, 'Pioneer' phase be
cause of the unpredictable dispersal limitation. Then a 
more predictable or constrained community structure de
velops in the second, 'Building' phase, mainly due to 
increased competition. In the third 'Mature' phase, hetero
geneity increases due to spatially varying competitive ex
clusion and the greater differentiation of microhabitats. 
Our results can be interpreted in the frame of the 'Three
phase' model of Gitay & Wilson, if it is applied to each 
functional group separately. There are years with no sig
nificant deviation from randomness in the composition of 
herbs at the beginning of succession ('Pioneer' phase) (Fig. 
I b ). It is followed by a period of abundance constancy and 
increasing constraints on coexistence ('Building' phase). 
After the 11th yr of succession a new phase is starting with 
no detectable variance deficit but with a variance excess in 
a few cases, indicating increasing heterogeneity. However, 
it is still not a 'Mature' phase of the herbs, rather a 'Transi
tional' phase, which overlaps with the 'Building' phase of 
shrubs and woody vines, and the 'Pioneer' phase of trees. 
The 'Three phase' pattern is also recognizable for the 
functional group of shrubs and woody vines (Fig. le), 
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while our 33 yr data set shows only the 'Pioneer' phase, and 
the beginning of the 'Building' phase of trees (Fig. Id). 
Gitay & Wilson ( 1995) developed their 'Three phase' 
model for grassland succession, a succession with only the 
functional group of herbs. Based on the results of our 
analyses, we propose a 'Multiple phase' model for forest 
succession that is a composition of several three-phase 
dynamics of distinct functional groups representing the 
development of vertical strata. 
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Abstract. It has been suggested that increased dominance by 
'grassy' species is occuring on some British lowland heaths. 
However, the exact cause of this change is unclear. A number 
of possible causes have been put forward, including increasing 
nitrogen deposition and changes in management or climate. 
Here we present the design and development of a spatial 
simulation model of interactions between Ca/luna vulgaris 
and grasses on British heathlands. This simple model was 
constructed to allow investigation of the relative importance 
of environmental factors on vegetation composition and dy
namics. The model takes a life history based approach, param
eter values and transition probabilities being derived from 
field studies and the published literature. In this paper we 
describe the design and sensitivity analysis of the model and 
discuss some of the parameters highlighted as being of impor
tance in determining the relative performance of grasses and 
Calluna vulgaris. 

Keywords: Calluna vulgaris; Cellular model; Competition; 
Deschampsia flexuosa; Heathland-grassland transition; Re
generation. 

Introduction 

Lowland heaths dominated by Calluna vulgaris (hereaf
ter referred to as Calluna) are found throughout the British 
Isles, where they occupy free draining soils low in nitrogen 
and phosphorus. Heathland is a scarce and declining 
habitat in Europe, loss of area having mainly occurred as 
a result of changing land-use, with heathlands on poor 
soils being taken into cultivation as agricultural tech
niques improved, afforested or used for urban expansion. 
Possibly the best known example of this decline is Dorset, 
in the south of England, where heaths have been reduced 
from 40 000 ha in 1750 to less than 6000 ha in 1978 (Webb 
& Haskins 1980). 

Since 1983 a new threat to the integrity of heathland 
communities has become apparent. Eutrophication as a 
result of atmospheric nitrogen deposition was first ob
served in The Netherlands (Heil & Diemont 1983 ), where 
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grasses including Deschampsiaflexuosa (hereafter referred 
to as Deschampsia) and Molinia caerulea became domi
nant following damage to Calluna by the heather beetle 
(Lochmaea suturalis). Experimental work subsequently 
showed that high levels of aerial nitrogen deposition were 
almost certainly a contributory factor causing the change in 
these heathlands (Heil & Diemont 1983; Brunsting & Heil 
1985; Aerts et al. 1990). Nitrogen deposition has been 
linked to a 30% increase in grass cover on Dutch heath
lands (Heil & Aerts 1993 ). 

During the early 1990s the first reports of an increase in 
grass cover on British heaths appeared. The Breckland 
heaths in East Anglia were one of the first sites where large 
increases in grass cover, particularly Deschampsia and 
Festuca ovina, were reported by heathland managers 
(Pitcairn et al. 1991; Dolman & Sutherland 1992; Marrs 
1993). A number of potential reasons for this change have 
been suggested including climate, management and nitro
gen pollution effects (Marrs 1993). By building a theoreti
cal model of Callunalgrass dynamics we hope to under
stand the relative effects of climatic factors, nitrogen pollu
tion and management regimes on British heathlands and to 
discover if these heaths are likely to experience similar 
changes to those seen in The Netherlands. 

Model design 

A spatially explicit cellular model was chosen as the 
most appropriate type for investigating the dynamics of 
invasion of grasses into Calluna heathland. Deschampsia 
was chosen as the model grass species since it is a common 
component ofheathlands throughout the United Kingdom. 
The methods of spread of the two species have important 
differences. Calluna has a large seed bank that may persist 
for many years and enables it to exploit any gaps in the 
vegetation that may be created as a result of senescence 
of older plants, herbivory or management. Deschampsia 
has no persistent seed bank and germinates directly from 
seed shed in the early autumn. Thus Deschampsia is only 
able to exploit gaps which occur within the maximum 
dispersal distance for a seed. We modelled these proc
esses of dispersal along with the Calluna cycle (as de
scribed by Gimingham 1972) which is a major component of 
heathland dynamics. 

The model takes the form of a two dimensional grid of 
cells, each cell representing a 1 m x I m square of vegeta
tion. This cell size was chosen to be approximately equiva
lent to the area occupied by a single mature Calluna bush. 
Cells may occupy one of four states: Calluna, grass, empty 
or Calluna-grass mix. The 'age' of each cell (i.e. the length 
of time it has occupied a particular state) is also recorded. 
Each iteration of the model represents one year. 

Transitions between cell types are governed by prob
abilities. Each cell state has an associated 'life history', 
which describes the amount of bare ground within the cell 
at any age and also determines the life-span of the species 
if it is non-clonal. For example, in the case of a Calluna 
cell, the life history follows the Calluna cycle as described 
by Gimingham ( 1972). After 30 yr if the cell has not been 
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colonised by a new Calluna plant it 'dies' and becomes an 
empty cell. Cells occupied by grasses do not have a deter
minate life span and are maintained in the 'closed sward' 
stage until colonised by Calluna. 

At each time step of the model, the probability of inva
sion into each cell by Calluna or Deschampsia is calcu
lated. The probabilities of invasion of the cell by 
Deschampsia or Calluna are each calculated slightly dif
ferently to take account of the variation in dispersal strat
egy between the two species. Calluna germinates predomi
nantly from the seedbank and is modelled as having a 
constant germination probability in each cell. The prob
ability of Deschampsia germinating is proportional to the 
number of surrounding Deschampsia cells, since it germi
nates directly from shed seed. The model uses only the four 
nearest neighbour cells, which share a boundary with the 
cell of interest, in its calculation of the proportion of 
Deschampsia neighbours. This method was used for sim
plicity, but may be a limitation of the model. Increasing the 
size of the neighbourhood interrogated around each cell or 
using a hexagonal grid might alter the dynamics of the 
model and would be an area for further investigation. For 
each species this probability of germination is then multi
plied by the proportion of bare ground available within the 
cell to give a probability of successful establishment. Ran
dom numbers are used to decide which species colonise, 
based on the calculated establishment probabilities. The 
cell state at the next time step is then determined by the 
species that have colonised, as shown in Table 1. All cells in 
the grid are updated synchronously, at each iteration of the 
model. 

Calibration 

Parameters used in the model, such as the amount of bare 
ground available in cells of certain ages and vegetation 
types and the probability of species invading a cell, were 
derived from measured field values from experimental 
work undertaken as part of this project where possible 
(Britton 1998). Additional data was derived from the pub
lished literature or, where nothing had been published, 
parameters were estimated from field observations. Table 2 
shows the main parameters used in the model and their 
sources. 

Table 1. Possible cell type transitions within the model. C = 
Calluna, D = Deschampsia, E = empty, M = mixed, 0 = none. 
* Age changes to beginning of mature phase. t Age changes to 
0 yr. 
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Table 2. Internal parameters used in the model and their 
sources. Proportion of bare ground available within cells is 
given for each stage in the cell type life history. 

Parameter 

Calluna germination 
probability 

Maximum Deschampsia 
germination probability 
(four Deschampsia neighbours) 

Proportion of bare ground 
within Calluna cells 

Proportion of bare ground 
within Deschampsia cells 

Proportion of bare ground 
within mixed cells 

Sensitivity analysis 

'Normal' value Data source 

0.095 Britton ( 1998) 

0.05 Britton (1998) 

Pioneer: 0.88 Gimingham (1972) 
Building: 0.07 
Mature: 0.22 
Mature2: 0.40 
Degenerate: 0.59 
Dead: 0.79 

Seedling: 0.87 A.J. Britton pers. obs. 
Patchy: 0.50 
Mature: 0.12 
Mature2: 0.02 

Seedling: 0.87 A.J. Britton pers. obs. 
Patchy: 0.50 
Mature: 0.00 

The effects of variation in Calluna germination probabil
ity, Deschampsia germination probability, initial grid species 
composition and initial ages of cells were tested by a 
sensitivity analysis. The analysis was conducted for each 
of the parameters in turn, by running the model with the 
calculated values for the parameter being tested, then vary
ing the parameter between its extremes whilst all other 
parameters were held fixed. Simulations were run with a 
grid of 100 x 100 cells (equivalent to I ha) for 100 yr. 
Although the model is stochastic, the variation between 
simulations for any given set of initial parameters was 
extremely low. This may have been a result of the large 
total number of cells in the grid (IO 000), as simulations 
using smaller grid sizes showed much greater variability of 
outcome. 

All of the modelled parameters were shown to have some 
effect on the outcome of the simulations suggesting that 
there is no redundancy in the design. In addition none of the 
parameters were overly sensitive to small changes and it 
would appear that the model is relatively robust to errone
ous parameterization. Results are shown here for variation 
in Calluna and Deschampsia germination probabilities. It 
can be seen (Fig. 1) that raising the value for Calluna 
germination above the normal value of 0.095 leads to a 
reduction in Deschampsia cover and rate of spread whilst a 
reduction in this value allows Deschampsia to increase its 
cover faster. When the Deschampsia germination probabil
ity is varied above and below its normal value of 0.025 
(Fig. 2) a similar pattern is seen, with Calluna cover 
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reduced when Deschampsia germination is high and in
creased when it is low. It is clear that it is the ratio of these 
two germination probabilities which is of importance in 
determining the outcome of the simulations. 

Testing 

For many ecological models getting adequate data for 
calibration and testing can prove problematic. If a model is 
calibrated with one set of data its performance must be 
tested using an independent set of data. There are no 
available data sets for heathland species composition which 
cover the time-scale or level of detail generated by this 
model. However, results from a study of historical aerial 
photographic material available for the Breckland region 
of Eastern England (Britton 1998), were used to give some 
idea of the typical variation in species composition through 
time that a single site may experience. When parameterized 
with data collected for a field site in this region the model 
results were within the range shown by the historical data. 
For example, between 1946 and 1995 Calluna cover at 
Cavenham heath in Breckland ranged between 35% and 
11 % with an overall downward trend, while grass cover 
varied between 20% and 46% with a general upward trend. 
When run for a 50-yr period, the results of the model 
showed a steady increase in grass cover from 20% to 46%, 
while Calluna varied between 30% and 7% but with an 
overall slight downward trend (Britton 1998). It must how
ever be taken into account that the basic model described 
here does not include the impacts of the environmental 
factors or management activities that would affect the real 
data. The small number of time points available in the 
historical data set precludes a more detailed statistical 
comparison of modelled and real data. 

Conclusions 

Although the model uses a very simple rule based ap
proach it generates dynamics that appear to fall within the 
range seen in the field. A comprehensive testing of the 
model remains problematic due to the lack of suitable field 
data for comparison. Sensitivity analysis of the model 
parameters highlighted the importance of the ratio between 
Calluna and Deschampsia germination probabilities for 
determining model outcome. A reduction in Calluna ger
mination rate alone is sufficient to allow Deschampsia to 
expand without the need for an increase in its germination 
rate. Since Calluna seedlings are known to be sensitive to 
desiccation during the summer months (Gimingham 1972), 
this might suggest a potential for strong climatic effects on 
heathland dynamics. Further development of the model 
aims to explore this area. 
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Abstract. Farmland area in Sweden has decreased dramati
cally last century and woodland increased correspondingly. 
Most abandoned fields were planted with Picea abies, a meas
ure much criticized by conservationists. In south Sweden the 
cover of understorey vegetation species on six arable fields 
and three pastures planted with spruce was observed on small 
permanent plots. Observations took place between 1966 and 
1994. The period spanned 50 yr after plantation using a com
bined time-series and space-for-time-substitution approach. 
One permanent pasture, one managed mature forest stand and 
two protected old-growth forest stands served as references. 
The behaviour of 'ecological' groups (weeds, grassland, wood
land species) was studied. 

Arable field vegetation was dramatically reduced in cover 
and species number the first 25 yr. Weeds, starting with com
plete dominance, had practically disappeared after 15 yr. Grass
land species dominated after IO yr and then declined, but were 
still important after 50 yr. Woodland species started colonizing 
the arable field already the first year. They were codominants 
with grassland species after 15 yr and then declined. The total 
species number fell from maximum 88 to minimum seven. 

On pastures succession was slower and species turnover 
less. The initially dominant grassland species declined and 
forest species increased during the first 20 yr, then all gradu
ally decreased. Species number fell from maximum 114 to 
minimum 24. From widely different start field and pasture 
communities approached the managed and the natural forest 
communities regarding species content and dominance. It is 
concluded that some of the species richness may be restored 
later by appropriate thinning of stands. 

Keywords: Old field; Old pasture; Permanent plot; Species 
richness; Spruce plantation. 

Nomenclature: 6sterdahl ( 1985 ), Rosen ( 1988 ). 

Introduction 

During the 1960s and 1970s a lively debate between 
conservationists and silviculturalists was waged on the prac
tice of turning abandoned farmland into woodland in Swe
den (Maimer 1973; Romell 1964; Samuelsson 1968). These 
decades witnessed a sharp rise in the abandonment of arable 
fields and pasture and afforestation, mainly with Picea 
abies and mainly in southern Sweden. Planting of farmland 
in forest-dominated regions was supported by the state. 
One concern of the conservationists was that a great number 
of plant communities associated with the agricultural land
scape were impoverished or eradicated and replaced by 
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species-poor woodland communities (Ryberg 1968, 1975). 
In Europe several studies on the understorey vegetation 

of abandoned farmland planted with conifers have been 
carried out (Bornebusch 1925; Hill & Evans 1976; K0ie 
1938; Malmstrom 1937; Nihlgard 1970; Ovington 1955; 
Warming 1919). The present paper is based on studies by 
Brakenhielm ( 1977) and Persson ( 1989). 

The aim is to show how and at which pace the understorey 
vegetation of field and pasture turns into forest vegetation 
as compared with the vegetation of managed mature and 
protected 'natural' old-growth forest sites in the region. 
The main stress is on species number and quantity in 
ecological groups of plants. 

Sites and Methods 

On the eastern slope of the south Swedish uplands, in the 
community of Vetlanda (57° 22'; 15° 24') six arable fields 
and three permanent pastures planted with Picea abies 
(Norway spruce) were selected on the basis of representa
tiveness for the region and similarity with each other. The 
area of the sites ranged from 0.35 to 1.7 ha. The arable 
fields were abandoned between 1941 and 1965 and the 
pastures between 1936 and 1962. They were afforested 
either immediately following the last harvest, or within a 
few years. The densities of the spruce plants ranged ini
tially between 1700 and 4900 per ha. (See Brakenhielm 
1977 for details.) 

The cover values of all species in the field (vascular 
plants) and bottom (bryophytes, lichens) layers and of the 
planted spruce were visually estimated on 50 cm x 50 cm 
plots, 23 - 30 at each site, systematically distributed. Obser
vations were carried out almost annually over 1966-1974 
(Brakenhielm 1977) and in 1987 (Persson 1989) and 1994. 
For each site and year the number of species and the mean 
cover of each species were calculated. 

All sites were subjected to one or more of the normal 
silvicultural measures such as cleaning and thinning of the 
planted trees and colonized broadleaved trees, measures 
which affected the understorey vegetation. 

For 'anthropogenic' references the species contents of 
one adjacent permanent pasture and one mature managed 
forest stand were inventoried. The forest stand had been 
pasture land about 50 yr previously and thus represented a 
later stage of development than the plantations. For 'natu
ral' references two protected unmanaged old-growth sites 
were selected: Norra Kvill National park and Aneboda 
Nature reserve, situated 50 km NE and 60 km SW of the 
main area, respectively. They served as Integrated Moni
toring sites (Anon. 1990). The species number and cover 
were derived from one plot with subplots at each of the two 
sites using roughly the same sampling procedure as at the 
plantations. 

The species were assigned to 'ecological' groups based 
on their life form and preferences in the region: annuals and 
perennial weeds (e.g. Erophila verna, Veronica arvensis, 
Elymus repem), grassland species (e.g. Galium verum, 
Plantago lanceolata) and forest species (e.g. O.mlis aceto
sella, Ptilium crista-castrensis). 
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Fig. 1. Plant cover (e) in the understorey of spruce plantations on arable fields and pastures during succession after planting and 
cover of planted spruce (0). Cover sum is the mean of the sums of all species on all subplots per site per year. Each year between one 
and five values are given according to the number of sites observed that year. 

Results 

Overall dynamics 
The overall succession during the first 50 yr after aban

donment and conifer planting was, as could be expected, 
characterized by a dramatic decline of the understorey 
vegetation as regards both cover (Fig. 1) and species number 
(Fig. 2). There was a general convergence in species con
tent and cover from the two widely different starting points, 
the open soil of the arable field and the dense grass sward of 
the pasture, towards the mature managed forest and the 
natural old-growth forest. 

On the arable field a rapid secondary succession took 
place after abandonment, marked by an explosive develop
ment of biomass, invasion of new species and increased 
competition. The succession had hardly reached a some-
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what more stable stage about IO years after planting when 
the planted spruce began to influence the understorey. Both 
cover and species number were much reduced already 15 
years after planting. Each time the spruce was thinned the 
understorey vegetation rapidly responded by increasing its 
cover, mainly the bottom layer, but the general trend was 
downward. 

The pasture succession was considerably slower than 
that on the arable field. The thick grass sward only slowly 
reacted on the growing spruce stand, which also had more 
gaps in it, due to spots with drier soil. The number of 
species was initially higher than on the arable field and then 
declined more slowly. There was a marked decline in cover 
and species number 15 - 20 yr after planting but both 
parameters stayed above those of the arable fields even 
after 40 yr. 
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Fig. 2. Number of plant species in spruce plantations on arable fields and pastures (e) during succession after planting, on adjacent 
permanent pastures (£) in mature managed forest <•) and in protected natural old-growth forest (D). Only species appearing on 
permanent subplots were included. Each year between one and five values are given according to the number of sites observed that year. 
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Fig. 3. Number of plant species in the understorey of spruce plantations on arable land and pasture through 41 and 58 yr succession 
respectively. Only species belonging to three different ecological groups appearing on the permanent subplots were included. Each 
year between one and five values are given according to the number of sites observed that year. 

Species number 
The number of species present increased on the arable 

fields the first IO yr and then started declining (Fig. 2). On 
the pasture the species number was initially higher - about 
100 compared with about 55 on arable land - and it de
clined steadily all the time. The total number of species 
present at any site throughout the years was 282 at the 
arable field sites and 225 at the pasture sites, a difference 
probably accounted for not only by the more frequent shifts 
of communities on the fields, but also by the fact that the 
arable sites were double as numerous as the pastures. The 
highest number of species any year at any site was 88 and 
114 respectively, the pasture sites being species richer. The 
smallest number of species present any one year was seven 
on an arable field and 23 on a pasture. The turnover of 
species throughout succession was considerable, but will 
not be dealt with here. At the only observation on the 
adjacent permanent pasture there were 111 species, on the 
managed mature forest 90 and on the plots at the two 
protected old-growth sites only 36 and 32 respectively. 

Behaviour of 'ecological' species groups 
The ecological species groups described below behaved 

similarly with respect to both cover and species number. 
Therefore only graphs of species number are presented 
here (Fig. 3). Only the spruce plantations are considered, 
not the mature managed nor the natural forest. 

I. Arable field sites. Annuals and perennial weeds (56 
species) dominated the scene completely the first three 
years (Fig. 3 left). About 15 yr later their cover had been 
reduced to near zero and almost all species had disap
peared. Concurrently many grassland species (68 species) 
colonized and reached a peak of cover and species richness 
about IO yr after plantation. Then most of them disap
peared and the few remaining species were reduced to 
insignificance as the spruce plantation closed. Forest species 
(48 species) started colonizing the field already the first 
year after abandonment, increased till about 15 yr later and 
then decreased only to dominate in the mature old-growth 
forest. A general feature during the period 20- 50 yr after 
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planting was the small cover, where few species had more 
than one per cent. This occurred from around 20 yr after 
planting. The species number was very low from 25 yr 
onwards. 

3. Pasture sites. The most striking difference from the 
arable field sites was the higher species richness - though 
declining - throughout succession, the few annuals and 
weeds ( 16 species) and the many grassland and forest 
species (82 and 49 respectively) from the very beginning 
(Fig. 3 right). Since there was a well established, species
rich sod of grass and herbs from the beginning the succes
sion was much slower and the turnover of species much 
smaller than in the arable field succession. The most rapid 
decline of species number and cover took place ca. 20 yr 
after planting, but after it the change was rather small. The 
succession in general was characterized by decline in species 
richness and cover of grassland species. 

3. Mature managed and natural protected old-growth for
est sites. There was a marked difference between the ma
ture managed and the natural forest communities. The 
mature forest adjacent to the plantations was species rich -
it contained several species characteristic of both grassland 
and open forest as well as forest species. The natural forest 
was species-poor and contained no grassland species. How
ever, the natural forest sites, besides having an entirely 
different history and being situated far from the cultural 
landscape, had also poorer and drier soil, which may ac
count for some of the difference. 

Discussion 

The species richness of the main cultivated landscape 
elements, the arable fields and the pastures, is rapidly 
reduced under afforestation with Picea abies. Some of the 
species groups, e.g. weeds and grassland species, arc more 
or less eradicated and should the succession continue with
out management measures then there would be a very 
species-poor flora left at least till natural gaps had devel
oped. However, under repeated thinning and selective cut
ting, the stand is opened up and species from the soil bank 
and the adjacent open landscape are given an opportunity 
to germinate and recolonize. 

The landscape in the region studied is characterized by 
small-scale variation in topography, soil and moisture as 
well as in land use. In such a landscape there are numerous 
edge, point and line habitats favouring a rich flora. For a 
broader study of the effects on a landscape basis of affores
tation such habitats must be included. In this study they 
have not been considered. 

It may be surprising that the natural forest houses so few 
species, compared with the cultural sites. However, some 
facts must be borne in mind: (I) man's activities for millen
nia in the cultivated landscape has created a number of 
habitats for synanthropic plants, (2) the natural sites are 
less fertile than the cultural ones, (3) if more habitats than 
one in the natural forest had been studied the number of 

species would have been greater and ( 4) the cpiphytcs, 
which are abundant in the old-growth forest and scarce in 
the plantation, were not considered in this study. 

In conclusion it may be stated that afforestation with 
spruce on cultivated fields and pasture land is a disaster for 
the local vegetation and flora under a short term perspec
tive. However, later there are opportunities for a different 
but comparatively rich forest flora to become established, 
provided that the stands arc opened up by thinning. 
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Abstract. This study discusses competitive interactions be
tween Spartin a maritima, Arthrocnemum perenne and Arthro
cnemum fruticosum, considering the successional implica
tions. Our results explain the origin of some of the most 
characteristic plant formations of the low and middle topo
graphic levels of Mediterranean marshes. 

Keywords: Accretion;Arthrocnemumperenne;Arthrocnemum 
fruticosum; Facilitation; Monospecific sward; Redox poten
tial; Spartina maritima; Stability. 

Introduction 

The processes determining plant distribution in tidal 
marshes have been a topic of some controversy. The idea of 
successional change has underpinned most of the numer
ous treatments of coastal salt marsh vegetation, either 
explicitly or implicitly, since the early part of the 20th 
century (Chapman 1974 ); in contrast, the direct evidence 
for the existence of chronosequences, as opposed to spatial 
zonation, is actually rather limited ( e.g. Adam 1990; Gray 
1992; de Leeuw et al. 1993; Olff et al. 1997). A succes
sional sequence involving replacement of Spartina maritima 
by Arthrocnemum perenne on the lower parts of the salt 
marshes in southwest Europe has been inferred by Beeftink 
1977. Castellanos et al. 1994 suggested the existence of a 
variety of successional mechanisms (facilitation, inhibi
tion, tolerance) in the interactions between Spartina 
maritima ( Gramineae) andArthrocnemum perenne ( Cheno
podiaceae) in the low topographic levels of the marshes. In 
this study we test our hypothesis, eight years later, about 
successional mechanisms for primary colonist species, ex
plaining the origin of some of the more characteristic pat
terns in low and middle Mediterranean salt marshes. We 
analysed physiographic properties, sediment accretion rates, 
redox potential changes and modifications in population size 
and development of the plant communities in two sites of the 
Odie I salt marsh in 1990 and 1997, where S. maritima, with 
small tussocks, was the first colonist (Castellanos 1992), to 
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test if facilitation by S. maritima is the principal process 
involving salt marsh succession in this area. The aim of this 
work was to contribute to a better understanding of zonation, 
succession and mosaic formation in changing environments. 

Methods 

The results presented are based on the comparison of 
different recordings made during 1990 (Castellanos ct al. 
1994) and 1997, using identical methodologies in two 
coastal lagoons. The work was carried out in the Odiel 
marshes (Huelva, SW Spain), in two closed lagoons with 
very different drainage properties: one of them (Lagoon I) 
with a low accretion rate and with impeded drainage by 
sand spits such that standing water persists for a long time 
after high tides, and the other (Lagoon 2) well-drained and 
a high accretion rate. A more detailed description of the 
study area can be found in Castellanos et al. ( 1994). 

Values of the redox potential (E7 ) on top of the S. mar
itima tussocks (0- IO cm) previously selected in 1990 were 
recorded in situ using a Crison pH/mV meter and rcdox 
electrode system. The top level of tussocks, relative to 
Spanish hydrographic zero (mean sea level at Huclva is 
+ 1.85 m relative to the Spanish hydrographic zero level), 
was recorded with a Zeiss Wolzhauscn theodolite; the 
reference point was determined in relation to measure
ments of tidal extremes using the method of Ran well ct al. 
(1964 ). Flooding period at the top of the tussocks was 
calculated using the datum chart of the Port of Huclva and 
our own data on topographic levels. 

The area occupied by each species in the tussocks was 
calculated. The aboveground biomass of the species was 
recorded in transects across three of the previously selected 
tussocks at each lagoon in 1990. All transects were situated 
in a belt across the maximum diameter of a tussock, with 
contiguous quadrats 15 cm (radially) x 25 cm. Dry mass 
was determined after drying at 75 °C for 48 h. 

The vertical distribution of belowground biomass of 
species was determined by taking five replicate cores ( I 0.5 
cm in diameter x 25 cm deep) at each area dominated by 
each one of the species present in the tussocks. Cores were 
divided into 5-cm layers, before roots and rhizomes were 
carefully separated. Dry mass was determined as previ
ously mentioned. 

Results and Discussion 

After eight years, environmental parameter changes were 
less clear in Lagoon I than in Lagoon 2 (Table I), although 
the same differences between the two sites as described in 
Castellanos et al. 1994 were observed. In Lagoon 1, perma
nent flooding of sediments maintained low accretion rates 
and low rcdox potential, preventing the invasion of A. 
perenne, which needs better-oxygenated sediments if it is 
to compete successfully. In this site tussocks of S. maritima 
increased their area greatly and sometimes coalesced. This 
is the beginning of the stable monospecific swards of S. 
maritima, frequent in Mediterranean low and protected 
marshes (Castellanos et al. 1998). Primary colonization 
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Table 1. Comparison of some abiotic and biotic factors in two lagoons of Odie! saltmarshes during 1990 and 1997. Lagoon 1, n = 20; 
Lagoon 2, n = I 0. SHZ = Spanish Hydrographic Zero. *Without coalesced tussocks, n = 8. 

Lagoon I Lagoon 2 
1990 1997 Increase(%) 1990 1997 Increase (o/,;) 

Increase (ck) 

Redox potential on the top (mV) -275±7 -299±12 -184±07 +166±03 
Top level of tussocks over SHZ (m) 2.53±0.02 2.61±0.02 3 2.42±0.02 2.57±0.03 6 
Flooding period at the top (C/r hours/year) 21 18 26 8 
Maximum surface of tussocks (m') 15±2 36±6* 140 41±4 64±6 56 
Arthrocnemum perenne surface (m') 10±3 25±4 150 
Spartina mnritima surface (m') 15±2 36±6 140 31±3 39±3 25 
Ratio Arthrocnemum/Spartina 0.32 0.64 
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Fig. 1. Diametric transects 
across a representative tussock 
of Spartina maritima invaded 
by Arthrocnemum perenne at 
Lagoon 2, showing above
ground dry mass of Spartina 
(white bars) and A. perenne 
(black bars) in contiguous 15 
cm x 25 cm quadrats recorded 
in 1990 and 1997. 

Distance from centre of the tussock (m) 

events that lead to clonal tussocks, which themselves may 
coalesce into larger, irregular clumps, have been docu
mented for other Spartina anglica marshes on the coast of 
Britain (Hubbard 1965; Thompson et al. 1991). 

In Lagoon 2, with high accretion rates and positive redox 
potential values on sward tops and a marked decrease in the 
period of flooding, the area covered by A. perenne increased 
more than that by Spartina, and the A. perennis/Spartina 
ratio doubled (Table I). Accretion, helped by the presence of 
S. maritima stems, resulted in fewer hours of flooding and 
better soil oxygenation. Such conditions favour the radial ex
pansion of A. perenne. This, once established, grows over the 
stems of Spartina, which remains confined to the periphery 
of the clone, where the redox potential is still very negative 
(unpubl.). The dense canopy of A. perenne, with high values 
of aboveground biomass (Fig. 1 ), together with a similar 
preponderance in the belowground structures (Ca5tellanos et al. 
1994 ), makes it difficult for the stems of S. maritima to move 
into zones already occupied by A. perennis, whose presence is 
limited to a very few isolated ramets. Such is the origin of a 
Mediterranean middle marsh ofArthrocnemum. However, this 
process looks like it had not been finished yet. 

Thus, in lagoon 2, during the last three years a new 
Chenopodiaceae, Arthrocnemumfruticosum invaded some 
tussocks (Fig. 2), growing over tussocks tops (from 2.70 to 
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Fig. 2. Diametric transect across a representative tussock of 
Spartina maritima invaded by Arthrocnemum perenne and 
Arthrocnemumfruticosum at Lagoon 2, showing aboveground 
dry mass of Spartina (white bars), A. perenne (black bars) and 
A. fruticosum (grey bars) in contiguous 15 cm x 25 cm 
quadrats recorded in 1997. 
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Fig. 3. Vertical distribution ofbelowground dry mass 
in tussocks of Spartina maritima invaded by 
Arthrocnemum perenne and Arthrocnemumfrutico
sum at Lagoon 2 recorded in 1997. a. below-ground 
dry mass in the area dominated by Spartina; b. 
below-ground dry mass in the area dominated by A. 
perenne; c. below-ground dry mass in the area domi
nated by A. fruticosum. Spartina (white bars), A. 
perenne (black bars) and A. fruticosum (grey bars). 
Means(± SE) for five replicates tussocks are shown. 
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2.73 m over SHZ) with higher redox values in sediments 
(from +156 to +193 mV), higher than those in zones 
colonized by A. perennis. Although S. maritima extends its 
belowground system under the whole area occupied by the 
tussocks invaded by A.fruticosum, its abundance decreased 
progressively (Fig. 3): at the edges it was completely 
dominant, but in the highest, central part, its presence was 
very scarce, and it was displaced to deeper zones, while A. 
fruticosum occupied the surface levels. In the area of the 
tussocks dominated by A. perenne, although S. maritima 
extended its belowground biomass more uniformly through 
the soil profile, the belowground mass was clearly domi
nated by the belowground structures of A. perenne. Thus, 
when one of these species is dominant in a particular area 
of a tussock, it is so in terms of both above- and belowground 
structures. 

Finally, positive interactions (facilitation) is the main 
process involving successional mechanisms in this area, 
when the drainage is not impeded by sand spits. So, in well 
drained and high accretion rate areas, the main change 
taking place between 1990 and 1997 was the existence of 
competition involving three species, against the two in 

Belowground dry mass (g/m2
) 

1990, with A. fruticosum being the last species to arrive. 
Castellanos et al. ( 1994 ), still dealing with only two 
species, show a variety of successional mechanisms 
(Connell & Slatyer 1977) including facilitation, inhibi
tion, and tolerance, in the relationship between A. perenne 
and S. maritima. Although the appearance of A.fruticoswn 
means a higher level of complication, future monitoring of 
this process will be of interest, because changes in the 
situation could explain the plant formations of Mediterra
nean middle marsh, with a large cover of A. perenne and 
isolated individuals of A. fruticosum. 
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Abstract. A newly abandoned field located in the south of the 
Czech Republic was used to determine how plant community 
development can be directed by varying the level of enrich
ment of the soil with di as pores of plants typical of species-rich 
meadows, while regular mowing is applied. Two types of 
di as pore enrichment were used at the experimental 2 m x 2 m 
plots (each type with three levels, giving eight combinations) 
arranged in five completely randomized blocks: seed mixtures 
of plants characteristic of species-rich meadows (high diver
sity mixture of 15 spp., low diversity mixtures of 4 spp. and 
unsown control) and blocks of vegetation transplanted from a 
species-rich meadow to the plots (blocks transplanted in spring, 
autumn and control). In addition, soil from the source meadow 
was broadcasted on all plots with meadow blocks to test, if soil 
organisms present at the meadow could positively affect de
velopment of the plant community. Vegetation cover in plots 
and meadow blocks has been estimated annually since the start 
of the experiment in 1996. 

Data analysis revealed that there is a significant effect of 
sown species on species representation and this effect is larger 
in plots sown with a high diversity mixture. There are signifi
cant changes in species composition inside transplanted 
meadow blocks. Broadcasting soil did not show any signifi
cant effect on species composition. 

Keywords: Constrained ordination, Grassland; Species rich
ness; Trisetum .flm·escens; Vegetation removal. 

Nomenclature: Rothmaler ( 1978). 

Introduction 

Intensifying human impact on (semi)natural communi
ties, is associated with the overall decline of their species' 
diversity, to the extent that preservation and restoration of 
biodiversity has become one of the key issues of nature 
conservation. It is supposed that many ecosystem features 
such as stability, productivity, respiration, decomposition, 
nutrient and water retention are, in many cases, diversity
dependent. Impacts of species diversity on population dy
namics and ecosystem functioning have long been debated, 
with many theoretical explorations and field studies (Tilman 
et al. 1994, 1996, 1997; Naeem et al. 1994; Hooper & 
Vitousek 1997; Scherer-Lorenzen 1998; Sy ms tad et al. 1998). 

I provide results from direct experimental manipulation 
of diversity using meadow plant communities which dif
fered in the number of species. These communities were 
artificially established onto a recently abandoned field. 
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Two kinds of diaspore enrichment were used: seed mix
tures of meadow species and blocks of vegetation trans
ferred from a species-rich meadow ('stepping stones'). 

The aims of the experiment are both theoretical and 
applied: (I) to study the effects of community complexity 
as well as of the manipulation of community development 
by increasing plant species diversity and by regular mow
ing; and (2) to examine if, and how, a stepping stone 
approach may be used to enhance the colonization of bare 
soil in an abandoned field by the addition of plant diaspores 
and soil (micro)organisms typical of the desired succes
sional stages. 

Material and Methods 

Study site 
The experimental field was located near the village 

Benesov nad Lipou, in the southwest corner of the Bohe
mian-Moravian Upland, Czech Republic, at an altitude of 
665 m a.s.l. The locality has a moderately humid climate 
typical of the highlands (mean annual temperature 6.4 °C, 
mean annual precipitation 677 mm). The field was with
drawn from agricultural use after its last crop harvest in 
autumn 1995; the experiment was established in spring 
1996. 

Desig11 rif the experiment 
Two types of diaspore enrichment were combined (each 

with three levels, giving nine combinations) in five com
pletely randomized blocks in 2 m x 2 m plots with 2 m 
walkways. Treatments were (I) seed mixtures of plants 
characteristic of species-rich meadows (high diversity mix
ture of 15 species, low diversity mixture of four species, 
and unsown control), and (2) blocks of vegetation ('step
ping stones') transferred from a species-rich meadow to the 
plots (stepping stones transferred in spring, autumn, and 
control). All the plots were regularly mown. 

Percentage species cover was estimated at mid summer 
in three successive years ( 1996-1998). Three data sets were 
collected: (I) l-m 2 samples of centre of each 2 m x 2 m plot; 
(2) samples of vegetation of transplanted stepping stones; 
and (3) 25 cm x 25 cm samples of vegetation adjacent to 
each stepping stone. 

Seed mixtures 
Some main factors were taken into account before the 

selection of species suitable for seeding: (I) relatively wide 
ecological range with an optimum in Arrhenatherion and 
Cy11osurio11 grassland communities; (2) presence in a local 
flora pool of native grasslands in the vicinity of the study 
site; (3) balanced ratio of functional plant groups; and ( 4) 
availability of a sufficient amount of seeds. 

Another problem has also emerged concerning the sup
ply of sufficient seed mixtures as well as the preservation 
of genetic diversity respecting a certain region. Seeds used 
in this experiment were received from several Czech com
panies (Planta Naturalis in Markvartice u Sobotky, and 
others), because it was the only possible way of obtaining 
such a number of meadow species. 
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Based on specific plant characteristics, the functional 
groups were assembled as grasses, legumes, and other 
forbs. 15 species (five per functional group)-the first five 
grasses - were sown as a high diversity (HD) treatment: 
Cvnosurus cristatus Festuca ruhra Holcus lanatus 

Phleum pratense Trisetumflm·escens Centaurea jacea 

Galium ,·erum Lathyrus pratensis Lotus corniculatus 

Lychnisflos-cucu/i Medicago lupulina Plan/ago lanceolata 

Prunella vulgaris Trifolium dubium Trifolium pratense 

Four species assemblages (two grasses, one legume, and 
one forb) were sown as low diversity (LD) treatment. The 
unsown plots were established as a control natural coloni
sation (NC) treatment. Different species combinations in 
LD treatment were used in each block. In both HD and LD 
seed mixtures a constant seed density per plot was used, 
with each species sown in proportion (grasses: 2500 seeds/ 
m2, legumes: 500 seeds/m2, and for the other forbs 500 
seeds/m2 yielding altogether ca. 4.35 g/m2). 

Before sowing the field in spring 1996, soil samples 
were collected to determine the field seed bank. The amount 
of available nitrogen was determined in the second year. 
Detailed results are summarized by Hejcman ( 1997). The 
most frequent species found in the seed bank are: 
Fal/opia con\'0/vulus. Mvosotis an•ensis, P/a111ago major. Poa annua. 

Spergula cir,·ensis. Veronica arvensis and Veronica persica. 

Stepping stones 
The first half of stepping stones was transplanted in April 

1996 and the second half in October 1996. This design 
allowed to test for the transplantation season which was 
less harmful to the meadow plants. A relatively species
rich meadow was chosen as a source for the stepping 
stones. The most dominant species were: 
Poa pratensis. P. tri,·ialis.Alopecuruspratensis.Alchemilla montirnla. 

Dact_l'/is glomerata, Phleum pratense. 1c1raxacum spec .. Ranunculus 

auricomus, R. acris and Veronica serpyllifolia. 

The size of each stepping stone was 25mx25cm and ca. 20 
cm in depth; four stepping stones were transplanted per one 
2 m x 2m plot. 

In addition, in April 1996, the top soil from the source 
meadow was distributed on all 2 m x 2 m plots assigned to 
the spring and autumn stepping stones. Soil was taken after 
the removal of a thin sod layer (2 - 3 cm), homogenized 
(visible plant material was sorted out) and dispersed as IO I 
per plot. To determine which plant diaspores were present, 
10 I of homogenized soil were collected and the seed bank 
was determined using standard methods (McDonald 1993 ). 

Data analysis 
The data on changes in species composition were evalu

ated using the program CANOCO (ter Braak & Smilauer 
1998). The following nominal explanatory variables were 
used (with classes in brackets): sowing (HD, LD, NC) and 
stepping stones (spring, autumn, no stepping stones trans
planted). These factors are coded as a series of dummy 
variables (Jongman et al. 1987). Factor time is coded as a 
sole quantitative variable. Because the changes of particu
lar treatments in time were confirmed to be linear and the 
majority of explanatory variables were nominal ones, the 

Redundancy Analysis (RDA) was used for evaluating the 
results of the experiment. All data sets are in the form of 
repeated measurements, and the analyses have to reflect 
this fact (including the permutation scheme in the Monte 
Carlo permutation test). In all the analyses, the sown spe
cies were made passive. This means that one is interested in 
the response of natural colonizers. 

Similarly, as in the univariate repeated measures, the 
interaction term of treatment with time corresponds to 
differential development. If the interaction is zero, then all 
differences from the beginning are conserved over time; 
this means that the successional trajectories are parallel. So 
the difference in development means a non-parallel succes
sional trajectory. In practice, this usually means that plots 
under differing treatments become more dissimilar with time. 

Two types of analyses were used: standardized and non
standardized. Standardization in this paper means stand
ardization by sample norm. In this way one is able to 
distinguish differences in the absolute representation of 
species (in our case, species cover) and relative representa
tion (proportion of species cover within a community). 
This distinction is important because the total cover of 
natural colonizers differs between treatments. Consequently, 
a significant result from non-standardized analysis shows 
that there are some differences between treatments; the 
species respond to the treatment, but it is not clear whether 
the species differ in their response (the proportion of spe
cies need not be changed). If the standardized analysis 
shows some significant differences, one can conclude that 
species respond, and that not all species respond in the 
same way. The results of CANOCO analyses were dis
played as ordination diagrams using the CanoDraw 3.1 
program. 

Results 

Emergence of seedlings from the source-meadow seed 
bank was observed in 21 species, of which only eight were 
perennials. The similarity according to Sorensen's Index, 
between the actual meadow vegetation and the meadow 
seed bank, was 43%. 

Most of the sown species have become established, 
except Lychnisjlos-cuculi, Medicago lupulina and Galium 
verum. The highest species number of natural colonizers 
was observed in the first year. Total percentage cover of 
natural colonizers was negatively correlated with the diver
sity treatment and this relation became more intensive in 
the second and third years: two-way ANOVA, year (p << 
0.000 I); treatment (p << 0.000 I); treatment x year (p << 
0.000 I). The HD, LD, and NC plots were compared re
gardless of the stepping stone treatment, because only a 
few stepping stone species have spread through the whole 
plots so far. The effect of the stepping stone treatment is 
included in the CANOCO analyses. 

Redundancy analysis 
The following variables were used to characterize the 

results of particular analyses (with abbreviations in brack
ets): the sum of all constrained eigenvalues - i.e. the ratio 
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Table 1. Results of the RDA analyses. Explanatory variables are environmental variables in the CANOCO terminology; factors, 
whose effect was excluded from the analysis are listed as covariables. If standardization by samples was applied, the results of a 
particular analysis are given in brackets. Names of variables: T = time; D = diversity treatment (HD, LD, NC); S =steppingstone 
treatment; R = season of stepping stone removal (spring/autumn); B = block; A= samples originating from areas adjacent to the 
central squares. The interactions of couples of treatments are indicated with an asterisk. 

Questions and answers of particular analyses 

(I) Is the species composition related to explaining variables'' YES 
(2) Is there a common successional trend in species composition? YES 
(3) ls there any effect of sown plants on species composition° YES 

Explanat. variables Covariables S all constr. 

T, D. S, T*D, T*S 
T 

0.35 (0.34) 
0.26 (0.25) 
0.07 (0.07) 

p 

(4) Is there any large-scale effect of stepping-stone treatment on species composition? YES 
(5) Is there any small-scale effect of stepping-stone treatment on species composition? YES# 
(6) Did the season of the stepping stone transplantation and/or the kind of the treatment 

D,D*T 
S, S*T 
A,T*A 

B 
B,D,S 
B, S,T 
B,D,T 

B.D,T, R 
0.02 
0.03 

0.002 (0.006) 
0.01 (0.01) 

0.002 (0 002) 
0.04 
0.002 

(sowing) have any effect on the composition of the stepping stone vegetation° 
Is there any effect of time? YES 0.20 0.01 

(7) Is there a common successional trend in species composition inside stepping stones? YES 
(8) Did the stepping stones differ with respect to the season of transplantation? YES 

R,D,T 
T 

R, R*T 

B 
B,D,R 
B,D, T 

0.08 (0.08) 0.008 (0.008) 
0.05 0.002 

(9) Did the stepping stones differ according to the diversity treatment of the plot'' 
WEAK SUPPORT D,D*T B.R.T 0.02 0.08 

# Comparison of samples recorded from the central I m2 of each 2m x 2m plot and from 
the areas adjacent to the stepping stones. 

of variability explained by all the explanatory variables used 
in the test (S all constr.); corresponding probability value 
obtained by Monte Carlo permutation test (P) - i.e. the type 
one error probability in testing the hypothesis that the effect 
of all explanatory variables is zero. Results are summarized 
in Table 1. The sown species, although passive in the analy
ses, were also displayed in the ordination diagrams. 

First, all environmental variables were used as explana
tory ones to obtain the total part of explainable community 
variability and then separate tests were used to single out 
the effects of the particular treatments from each other. The 
first overall analysis revealed that the constrained canoni
cal axes explained about 35% of the data variability (S all 
constr. = 0.35). The first axis was determined mainly by the 
factor time, whereas the differentiation along the other 
axes was mainly due to the type of sowing (HD, LD, NC). 
Stepping stone treatment had the weakest explanatory 
power. The greatest explanatory power (26% of total data 
variability, i.e. about 70% of constrained variability calcu
lated in analysis 1) could be ascribed to the time (analysis 
2). Species with a high score on axis I, i.e. those with 
increasing density, were few: Paa trivia/is (it spread from 
both the stepping stones and the area surrounding the site 
into the field), Trisetum flavescens (sown species which 
became dominant wherever it was sown) and Taraxacum 
spec. Low scores on the first axis were found for a number 
of annual weed species: 
Veronica an·ensis, V. persica, Fallopia con\'Olvulus, Viola an•ensis. 

Plantago major, Polygonum persicaria, P. hydropiper. Galeopsis 

tetrahit and Poa annua. 

The cover of Trifalium repens has slightly decreased. 
Despite the fact that few seedlings were recorded from the 
seed bank (Hejcman 1997), this species reached almost 
40% cover in the field in the first year. Similar results were 
experienced by McDonald (1993). The density of Agropy
ron repens (the second most frequent natural colonizer 
after Trifalium repens) did not show any common trend in 
time, and hence it was not depicted in the ordination space. 

The other question is whether there was any effect of 
sown species on the proportion of natural colonizers: a 
third analysis yielded that only 7% of total variability, i.e. 
about 20% of constrained variability, could be ascribed to 
the effect of sown species. The ordination diagram has 
shown that sown species were partly able to suppress the 
most problematic and persistent weeds Agropyron repens 
and Trifolium repens. 

The hypothesis that the application of stepping stones 
and meadow soil will enhance the succession was tested by 
analyses 4 and 5. This environmental variable explained 
only 2% of total variability. The most successful colonizers 
originating from the stepping stones were Paa trivia/is, 
Achillea millefalium, Cerastium halasteoides, Stellaria 
graminea, and Agrostis tenuis. Only a very slight positive 
effect of the stepping stone treatment on sown species was 
observed: Festuca rubra and Prunella vulgaris performed 
better in the vicinity of stepping stones. 

Data on vegetation changes of stepping stones were 
tested separately (analyses 6-9). Similarly, as in the case of 
data from the central l-m2 samples, all environmental 
variables were used as explanatory ones to obtain the total 
part of explainable community variability and then sepa
rate tests were calculated to single out the effects of the 
particular treatments from each other. In analysis 6 with all 
environmental variables, the first ordination axis was de
termined mainly by time, whereas the differentiation along 
the second axis was mainly due to the season when the 
stepping stones were transplanted (environmental vari
ables explained together only 20% of total community 
variability). Results are displayed in the ordination dia
gram (Fig. I). The comparison of sums of all constrained 
eigenvalues from the particular tests revealed that the most 
powerful explanatory variable was time (ca. 10% of the 
total variability); season of transplantation explained ca. 
5%; and statistically significant differences among step
ping stones transplanted into different diversity treatments 
were not found. 

~/ 
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Fig. 1. Ordination diagram showing the changes of plant 
community inside stepping stones (analysis 6). The density of 
Veronica serpyllifolia decreased probably due to the more 
intensive competition for light. Anthoxanthum odoratum per
formed best after the autumn transplantation. Trisetum 
flavescens and Lathyrus pratensis are the only sown species 
which were able to expand inside stepping stones. The dia
gram explains 20% of the variance in the fitted species data. 
For clarity, only species with the highest correlation with the 
ordination axes are displayed. HD= high diversity treatment; 
LD = low diversity treatment; NC = natural colonization 
treatment; autumn/spring = season of stepping-stone trans
plantation. 

Discussion 

It can be stated that sowing of meadow plants was 
successful: most species became established and have cre
ated a community quite similar to the desired hay meadow. 
The levels of dry matter yield (t·ha-1-yr- 1) were I 0.08 for 
HD, 9.16 for LD and 7.92 for NC (Smilauer & Leps pers. 
comm.). The values were as high as those obtained from 
intensively fertilized high-productive species-poor mead
ows (Oomes 1990, 1992). Oomes observed a significant 
decrease in dry matter production, especially during the 
first three to five years (depending upon the soil type) after 
fertilization had been stopped and regular mowing began. 
Similar changes are also expected in our experiment. 

Results show that there are significant differences among 
the three diversity treatments. Sown species were able to 
compete successfully with natural colonizers and their 
effect was more intense in the high diversity treatment. The 
higher competitive ability of a species-richer community 
can be ascribed primarily to the following reasons: 

First, the more diverse ecosystems are more likely to 
contain some species which thrive well in particular envi
ronmental conditions (Tilman & Downing 1994; Naeem et 
al. 1994; Symstad et al. 1998). The presence of such 
dominant species may have great effect on ecosystem 

-~~~~~~~~~ 

functioning and in some cases may be more important than 
the species number per se (Symstad et al. 1998). Our data 
imply that the difference between the HD and LD treat
ments is partly caused by the absence of such well-thriving 
species in some of the five alternative species assemblages 
used in LD treatments. 

Second, plant productivity and resource utilization are 
usually greater at higher diversity (Tilman et al. 1996; 
Naeem et al. 1994; Symstad 1998; Scherer-Lorenzen 1998), 
so that more intensive competition for resources, notably 
nutrients or light may occur. Under such conditions, plants 
with pure ruderal strategy (annual field weeds in our case) 
may be strongly outcompeted by C-S-R strategists (late
successional meadow species). For the same reason. the 
weaker ability of sown species to compete with Agropyron 
repens and Tr(folium repens - plants having C-S-R to C-R 
strategy (Grime 1988) - was observed. Such species 
(ruderal-perennials sensu Grime 1979) are most abundant 
in circumstances in which the impact of disturbance is 
less intensive. Both A. repens and T. repens are clonally 
spreading perennials. 

Agropyron repens has an extensive rhizome system which 
allowed the plant to cover a large area. A. repens was only 
rarely recorded from the seed bank but it regenerated from 
numerous rhizome fragments (Hejcman 1997). Experi
ences of many researchers (for example, Schmidt & Brubach 
1993; Grime 1979) confirm that it is species which did not 
change either its spatial pattern or mean annual cover for a 
long time: it is the most persistent natural colonizer in the 
site. Trifolium repens is intolerant to shade (Grime 1988), 
and hence it could be partly suppressed in the tall vegeta
tion of HD as well as LO-treated plots. 

The other natural colonizers show a predominantly strong 
decrease, which is independent of the kind of treatment. 
These results imply that the plants are weak competitors 
specialised on the colonization of bare soil. 

With regard to the performance of sown species, the 
absolute dominance of sown Trisetwnflavescens (ca. 54% 
in HD as well as LD treatment) can hardly be explained in 
a straightforward way; there are more alternative explana
tions here. T. flavescens has an early seed set and almost 
intermediate germination has been documented in sites 
subject to summer drought. This may be an advantage in 
hayfields. (Grime 1988). T. jlavescens appears to show 
only modest specialization towards any ecological factor 
or turf structure, and Grime concluded that the species is a 
'congenital subordinate', i.e. never more than a minor 
component of grassland communities, which is in contrast 
to our observations. One can argue that T. flavescens is a 
quite frequent component of mesic upland meadows in the 
Czech Republic but, unfortunately, it is often caused by 
resowing those sites with mixtures containing cultivars of 
T. flavescens. For the same reason it is still not clear 
whether the clone used in our experiment originated from 
an unaffected source. 

Lychnis jlos-cuculi, Medicago lupulina, and Galium 
verum did not survive in any experimental design probably 
due to their poor germination. The low densities of 
Centaurea jacea (one percent in LD only) are probably 

" 
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also due to weak germination. I have evidence from an
other similar experiment close to our field, where C. jacea 
was sown and performed very well (Leps & Srutek pers. 
comm.). The other sown species are present in amounts 
close to values expected for comparable meadow commu
nities. 

From the botanical point of view, the transplantation of 
stepping stones can be considered as 'medium successful'. 
Although almost all species survived the transplantation 
and performed well, the stepping stones had only a slight 
impact on the surrounding vegetation. They contributed 
significantly to the spreading of Poa trivia/is. This is a 
grass with a high potential for the colonization of such 
recently disturbed habitats that are dominated by larger 
perennials and it has often been observed in disturbed 
meadows (Grime 1979, 1988; McDonald 1993). Other 
stepping-stone species have spread only occasionally while 
the pool of species invading stepping stones was consider
ably larger. Since insignificant differences between the 
spring and autumn stepping stones were observed, it could 
therefore be concluded that both ways of transplantation 
are possible. 

Dispersing soil on the stepping stone plots did not show 
any significant effect on species composition. A positive 
result can hardly be expected with regard to the known 
composition of a source-meadow seed bank. 

Comparison of the stepping stone transplantation versus 
simple sowing revealed in our case a clear answer: the 
stepping stone approach can be recommended only as a 
'last chance' practice if all alternatives to preserve some 
extremely rare habitat have failed and there is the possibil
ity to remove the vegetation to a place close by. 
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Abstract. Investigations of successional relationships along 
both horizontal and vertical profiles have been carried out in 
the central and western Balkans over the last 20 years, in all 
belts and climatogenic climax communities, from the Eu
mediterranean zone towards the Mediterranean mountain belt 
(from sea level to 900 m a.s.l.). For the data collection a 
modified version of the Ziirich-Montpellier school was used. 
Certain progressive-regressive patterns were detected on the 
basis of the presence of plant species - indicators of regressive 
or progressive trends in the development of plant communi
ties, and on the basis of habitat determinants. Particular atten
tion was paid to so called transitional communities in which 
the most intense competitive relations are present. Climatogenic 
vegetation of the study area is represented by the Quercion 
ilicis in the Mediterranean belt; Paliurion aculeati, Carpinion 
orientalis and Quercion trojanae in the Sub-mediterranean 
belt, Quercion frainetto, Seslerio-Ostryon and Quercion 
petraeae-cerris in the mountain belt, and Quercion petraeae, 
Fagion moesiacae and Fagion illyricae in the Mediterranean 
mountain belt. Besides the presence of certain patterns in the 
directions and development of vegetation, there are pronounced 
features and patterns in relation to type of climatogenic veg
etation. In each of the communities of the above-mentioned 
alliances of climatogenic vegetation numerous successional 
stages were found including shrublands, meadows, rocky grass
lands, screes and cliff vegetation. 

Keywords: Dinaric Alps; Mediterranean; Secondary succes
sion, Sub-mediterranean; Syndynamics; Xerophilous vegeta
tion. 

Nomenclature ofsyntaxa: Lakusic et al. ( I 978); Jovanovic et 
al. (1986). 

Introduction 

Anthropogenic influences on the Balkan peninsula were 
very intensive and heterogeneous in the past. This pro
duced significant changes in the spatial and temporal or
ganization of natural or climatogenic phytocoenoses and 
vegetation cover in general. The results of many studies 
(e.g. Horvat et al. 1978; Horvatic 1934, 1973; Lovric 1993; 
Redzic et al. 1991 /1994) carried out in this region have 
confirmed that vegetation cover of the Balkans is very 
heterogeneous, both in floristic and phytocoenological com
position. Many thermophilous forests, low forests, 
shrublands, meadows, rocky grasslands, screes, rock fis
sures, are present here. There are specific syndynamic 
relationships among these plant communities. 

Various patterns of succession are established in each 
climatogenic or oroclimatogenic community, going from 
the most complex communities and their development 
stages to the most degraded and floristically poorest com
munities, such as rock fissures and screes. 

So-called secondary successions play an important role 
in the establishment of general patterns of vegetation de
velopment. In studies of vegetation diversity and develop
ment of vegetation the greatest attention was paid to these 
successions, since they contain essential information for 
the estimation of ways and patterns of other types of 
succession, such as regeneration succession, cyclic dy
namics, patch dynamics, gap dynamics, fluctuation, as 
well as certain ways of development of primary and sec
ondary successions ( van der Maarel 1978, 1988; Redzic 
1984; Lakusic et al. 1984 ). Although in secondary 
successions plant communities directly participate in de
termination of syndynamic and development patterns, 
patches, populations and individuals, the state of the eco
systems in question also plays an important role. 

Particularly significant changes in both structure and 
dynamics of plant cover occurred in arid and warm regions 
of the central and western Balkans, notably the Mediterra
nean and Sub-mediterranean regions. The documentation 
of the main directions in the development of vegetation, as 
well as recognition of syndynamic relationships among 
certain plant communities in this region were the main 
objectives of this study. 

Material and Methods 

A slightly modified method based on the Ziirich
Montpellier school (Braun-Blanquet 1964) was used as the 
basic method of data collection. In certain cases permanent 
plots (Kent & Coker 1992) were used. Definition of certain 
progressive-regressive stages was carried out on the basis 
of the presence of certain plant species, indicators of re
gression or progression, trends in the development of plant 
communities, as well as on the basis of habitat determi
nants: geological foundation, physical, chemical and bio
logical features of soil, ecoclimatic conditions (hydro
thermal regime, intensity and direction of wind, snow 
cover, aspect and slope of terrain, etc.) (Redzic 1988a; 
Redzic & Barudanovic 1981 ). 

General characteristics of the investigated area 

The study area is located between 40° and 46° N and 12° 
and 22° E. 

Geology. The central and western Balkans are heterogene
ous as regards geological and petrographic characteristics. 
Mesozoic limestone sediments dominate in the whole re
gion. In the Mediterranean and Sub-mediterranean belts 
Paleogenic sediments cover large areas, and in the hilly
mountain belt towards Pannonian Jurassic and Triassic 
sediments are dominant. Palaeozoic sediments occur here 
and there, as well as basic and ultrabasic eruptives. 

The larger part of the Balkans was not under the influence 
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of the last glaciation, except for the peaks of the highest 
mountains. However, there are indirect glacial influences. 
This follows from i.a. degradation of rocks, formation of 
colluvium in the valleys and sediments in karst depressions. 

Orography. The Balkan mountains range from northwest 
to southeast. The region is intersected by numerous river 
valleys with a direction north - south. The vertical profile 
from the Adriatic sea towards the peaks in the littoral 
mountains is ca. 2400 m. Many karst fields and depressions 
occur on the plateaus surrounded by a dynamic relief. As a 
result there are clearly differentiated belts: Eu-medi
terranean, Sub-mediterranean, hilly belt, mountain belt, 
subalpine, alpine and subnival to nivale belts. 

Ecoclimate. As regards the climate, the region is very 
heterogeneous and dynamic. Along the profile of ca. 2400 
m towards the Adriatic, there is regular succession of 
ecoclimatic types from the Eu-mediterranean towards the 
subnival and nival belts. This is region with the highest 
temperature and precipitation extremes and dynamics in 
Europe. Mean annual temperatures are (Lakusic 1975): 
Eu-mediterranean belt 20 - 16 °C 

Sub-mediterranean belt 

Hilly region 

Mountainous belt 

Alpine belt 

Subnival belt 

15 - 12 °C 

11 - 8 °C 

7 - 4 °C 

3- 0°C 

0- -4 °C 

Absolute maximal temperatures in the Eu-mediterranean 
belt are around 50 °C, while the absolute minimal tempera
ture in mountain belt are down to -42 °C. Over the year 
certain places (e.g. Gorski Kotar and Orjen) receive more 
than 3000 mm of precipitation, mostly in the early spring and 
late autumn. During the vegetation period precipitation is 
significantly lower and arid conditions prevail in summer. 

The wind is most frequently from the southwest and 
this wind has also a strong influence on the formation of 
vegetation cover. 
Soil conditions. There is a mosaic of soil types. However, 
there are certain global patterns in the distribution and 
genesis of basic types of soils on the horizontal and vertical 
profile. The main pedogenetic factors in this region are 
humidity, temperature, wind and snow cover. From the 
most arid towards the most humid habitats the system of 
pedogenesis begins with the formation of lithosols, regosols 
and sirozems, which in more humid conditions and on 
gentle slopes show gradual transitions to calcomelanosols, 
rendzinas, and in even more humid situations in calco
cambisols, and terra rossa in the Eu-mediterranean belt. 

Luvisols are developed on gentle slopes and in the ab
sence of strong winds. On silicate rocks, humus silicate 
soils or rankers, as well as distric cambisols and distric 
luvisols are developed. 

Phytogeography. Concerning the large number of plant 
species the region of the Balkans is similar to the richest 
subtropical regions of the world. There are numerous en
demic and relict plant species (Trinajstic & Sugar 1972; 
Lakusic et al. 1978; Jovanovic et al. 1986). 

The vegetation can be divided into three regions: 
- Mediterranean, including the Adriatic province; 
- Eurosiberian, with the Ilirian, Moesian and the province 
of relic pine forests; 
-Alpine- high nordic, with the province of the high Dinaric 
Alps (Lakusic 1969). 

The belt of xerotherm oak and moesian beech forests 
represents the optimal habitat for human populations. Un
der anthropogenic influence significant transformation in 
vegetation cover happened in this region. 

Results and Discussion 

Forest and shrub vegetation 
Xerotherm vegetation on the vertical profile of this part 

of the Balkans reaches its optimum in the Mediterranean, 
Sub-mediterranean and one part of the hilly belt. It can be 
found in the mountain belt only on southern aspects and 
steeper slopes. Variation in ecoclimatic, orographic, geo
logical and pedological conditions caused the development 
of variation in climatogenic vegetation on vertical profiles 
of certain regions on Balkan peninsula, from the Eu
mediterranean, towards the Sub-mediterranean hilly and 
the Mediterranean montane belt. 

Basic types of climatogenic communities in the regions 
and altitudinal belts, as well as their syndynamical relation
ship are presented in Fig. I. 

In the littoral southeastern Dinaric Alps climatogenic 
xerotherm vegetation in the Mediterranean belt is represented 
by evergreen forests of the Quercetum ilicis, in the Sub
mediterranean belt from around 200m by low forests of the 
Aceri-Carpinetum orientalis, with many evergreen elements, 
and the Dioscoreo-Carpinetum orientalis with dominant 
broadleaved deciduous elements. At some locations, forests 
of Macedonian oak (Quercetum trojanae) intergrade with 
the Quercetum ilicis. 

The forests of the Seslerio autumnalis-Ostryetum carpini-

Sesleno-Fag~tum s1lva1tcae I f Sesleno-Fagetum moes1acae 

Quercetum petreae---cerns I 
Omo-Ouercetum cems Quercetum tametto Quercetum fametto-<:ems 

Sesleno-Ostryetum D1oscoreo-Carpmetum onen I I 

Carpmetum onentahs Acen-Carpmetum onen Querc1on troJanae I 

Pa11uretum acu/eat1 lauretum nobd1 

: •• - Orno-Quercetum 1llc1s Quercetum 1hc1s I 
Fig. I. Syndynamic relationships between the main forest- and 
low forest vegetation types in the Mediterranean and 
Submediterranean zones of the central and western Balkans. 
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foliae are developed in the hilly region and they often 
continue into the mountain belt. Forests of the Quercetum 
frainetto-cerris Quercetum cerris mediterrcmo-montanum 
arc found on gentle slopes and on deep soils, the latter 
forests reaching into the mountain belt. 

Communities of the Quercetum frainetto-cerris in the 
continental region are syndynamically related to the forests 
of Quercetum petraeae-cerris. Relict low forests of the 
Seslerio autumnalis-Ostryetum carpinifoliae on steep 
slopes, shallow soils and southern aspects are syn
dynamically related to thermophilous beech forests of the 
Seslerio autumnalis-Fagetum moesiacae (Fig. 1 ). 

The forests of the Orno-Quercetum ilicis, with a signifi
cant participation of broadleaved deciduous elements, oc
cur in the northwestern littoral Dinaric Alps in the Mediter
ranean belt. They merge with Carpinetum orientalis forests 
in the Sub-mediterranean belt, which, on warm sites and 
shallow and eroded soils, are syngenetically connected 
with the Paliuretum aculeati. These communities merge 
with the thermophilous Seslerio autumnalis-Ostryetum 
carpinifoliae, and on gentle slopes and on brown limestone 
soils with the Orno-Quercetum cerris, which in the moun
tain belt merge with the thermophilous beech forests of the 
Seslerio-Fagetum sylvaticae (Fig. 1 ). 

Intensive anthropogenic influences in the past caused 
significant changes in the structure and dynamics of the 
climatogenic communities, which is reflected today in the 
presence of numerous types of so-called secondary vegeta
tion - meadows, rocky grasslands, pastures, screes, and rock 
fissures. These secondary communities vary according to 
the type of climatogenic vegetation they are related to (Fig. 
I). Some patterns of development of vegetation and second
ary succession of xerotherm vegetation in the Eu-mediterranean 
and Sub-meditcrranean belts are presented in Fig. 2. 

Grasslands and rocky grasslands 
Pioneer communities of the Rhizocarpion and Ctenidion 

mo/lusci occur in most regions and vary with the ecoclimate 

belt and geographical and ecological position. The main 
patterns of development for the thermophilous vegetation, 
as well as syndynamical relationships, are presented in Fig. 
2. 

A dominant role in the Mediterranean belt, on eroded 
terra rossa soils, is played by rocky grasslands of the 
Cympopogo-Brachypodion ramosi, which, on more shal
low calcomelanosols and regosols, are syndynamically 
connected with Peltarion alliaceae scree vegetation, and, 
on hard limestone substrata and very arid soils, with rock 
fissure communities from the Moltkaeion petraeae, 
Ctenidion mollusci and Rhizocarpion. In the vicinity of the 
Sub-mediterranean belt, the Cympopogo-Brachypodion 
ramosi merges with Sub-mediterranean rocky grasslands 
oftheKoelerion pyramidatae and Peucedanion neumayeri. 
These are syngenetically related to the Alyssetum 
moelendorfianii and Thymetum aureopunctati, on the more 
shallow rendzinas, as well as with the Scabiosetum 
g raminifoliae and Koelerion pyramidatae on deeper 
rendzinas and calcomoelanosols. On eroded soils, the asso
ciations of the Peucedanion neumayeri syndynamically 
merge with the Sub-mediterranean rocky grasslands of the 
Satureion montanae with a very high floristic diversity, 
which in colder habitats are ecologically related to commu
nities of the Satureion spicatae. Sub-mediterranean rocky 
grasslands are related to arid pastures of the Fumano
Scabiosenion leucophyllae, which are syngenetically con
nected to the Xerobromion erecti, in cooler and wind
exposed habitats. 

Thermophilous meadows of the Chrysopogoni-Dantho
nion alpinae are related to Festucion illyricae Astragalo
Potentillion and F estucion va/lesiacae communities on 
more arid habitats and to mesa-thermal meadows of the 
Filipendulo-Danthonion and Cirsio-Bromion erecti (Meso
bromion erecti) in more humid habitats. Under the absence 
of anthropogenic influences these meadows may develop 
into Querctum frainetto-cerris, Quercetum petreae-cerri 
and Ostryo-Quercetum pubescentis forests, and on deeper 
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- Orno-Carp1netum orientsl!s - Ostryo-Carpinetum orientabs Quercetum farnetlo - cerns ....,. 

l__ 
Acen-Carp1netum onen 

Gerant0nsangu1ne1 - C1rs10-Brom1on ered1 

Festucion valles1acae 
- Chrysopogom-Danthomon 

Scorzonenon v1Uosae 

- Fumano-Scab1osen1on leuc ,; 
Astragallo-Potentill1on 

~ Hypochoenchon maculatae Festucion illyncae 

Fig. 2. Patterns of secondary suc
cession of xerophyllous vegetation 
in the Eu-mcditerranean and Sub
mediterranean zones of the central 
and western Balkans. 
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calcocambisols, the Lathyro-Quercetum petraeae. 
In the northwestern Dinaric Alps, communities of rocky 

grasslands on deeper soils and gentle slopes, in the zone of 
Quercus cerris and Fraxinus ornus forests, are connected to 
Sub-mediterranean meadows of the Hypochoeridion macu
/atae and Scorwnerion villosae, and to Geranion sanguinei 
borderline communities. They may further develop through 
stages of the Orno-Carpinetum orientalis into the climato
genic Orno-Quercetum cerris (Fig. 2). 

The depth of the soil profile is positively correlated with 
degree of vegetation cover. Vegetation of the alliances 
Rhiwcarpion, Ctenidion mollusci, Peltarion and Amphori
carpion is developed on soils with a (A)-C profile, of the 
Alyssetum, Thymetwn, Satureion, Fumano-Scabiosenion 
and Xerobromion are linked to an A-C profile and Hypo
choeridion, Scor::.onerion. Chrysopogoni-Danthonion and 
Cirsio-Bromion erecti to an A-(B)-C profile. 

As to the factor snow, vegetation of rocky meadows, 
Fumano-Scabiosenion leucophy/lae is usually developed on 
the places where snow lasts very shortly. In the vicinity, in 
places with deeper snow, the Bromo-Danthonietum kitaibelli 
is found. 

Riter-Studnicka ( 1956), Gazi Baskova & Segulja (l 978) 
and Ilijanic & Hecimovic ( 1981) have shown very different 
directions of succession depending on the bedrock. Usu
ally, after pioneer stages of the Rhiwcarpion on silicates 
and shallow rankers, H)perico-Scleranthion communities 
develop, and on limestone and shallow calcomelanosols and 
rendzinas rocky grasslands of the Peucedanion neumayerii, 
and Koelerion pyramidatae, Chrysopogoni-Danthonion and 
continental rocky meadows of the Fumano-Scabiosenion 
leucophyllae (Redzic 1984; Lakusic et al. 1984 ). Relations 
between climatogenic vegetation and ecoclimatic condi
tions have also been demonstrated elsewhere (Piotrowska 
1988; Poli Marchese et al. 1988). 
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Abstract. The population dynamics of the main woodland 
clearing species were studied in southern taiga forest (Tver' 
region, Russia). Clear-cutting areas of different age were 
selected in different forest types. For each species I 00 - 300 
clones were excavated and studied. So-called, 'age state' 
descriptions were defined for the following clonal species: 
Chamaenerion angustifolium, Ca/amagrostis epigeios, C. arun
dinacea, Rubus idaeus and Juncus effusus. 

Age structure diagrams were produced for each species 
against age after cutting (or successional stage). The herb 
population structure in I - 2 yr clearings is of an invasive type 
with mainly virginile ramets. Sexually reproducing ramets 
predominate in 3-4 yr clearings. The senescence of Chamae
nerion angustifolium and Calamagrostis epigeios populations 
starts after 4 - 5 yr as a result of competition with birch and 
spruce saplings. Senescence of Rubus idaeus, Ca/amagrostis 
arundinacea populations starts later ( after 6- 7 yr) and follows 
tree canopy closure (aspen and birch). Within l O yr Rubus 
idaeus and herb ramets are mostly senile; the population 
density decreases drastically. Sparse colonies with I - 2 shoots 
of formerly dominating species remain under the young forest 
canopy. Partial rejuvenation of populations is possible after 
stand clear-cuttings or at disturbed microsites. 

Keywords: Calamagrostis epigeios; Calamagrostis arundi
nacea; Clear-cutting; Chamaenerion angustifolium; Juncus 
effusus; Forest succession; Population structure; Rubus idaeus. 

Nomenclature: Czerepanov ( 1995). 

Introduction 

Recognition of age states has greater significance than 
calendar age in analysing the structure and dynamics of 
populations. Individual plants of different age states may 
play different roles in a plant community (Rabotnov 1978, 
1985). The renewal and ontogenetic development of plants 
results in a complex utilization of habitat resources both in 
space and in time. That may contribute significantly to the 
coexistence of many species in diversified plant communi
ties (Watt 1947; Rabotnov 1978; Uranov 1975; Grubb 
I 977). Thus the role of a plant in the community is deter
mined more by its age state than by the number of years 
lived (Gatsuk et al. I 980). Furthermore, the definition of 
calendar age of many herbs and woody plants is practically 
impossible, for example for Calamagrostis arundinacea, 
whereas a classification hy age states is quite feasible 
(Ulanova l 995a,b). 

I used the Russian classification of age states accord
ing to Rabotnov (I 978, 1985), Uranov ( 1975 ), and their 
co-workers (Gatsuk et al. 1980; Zhukova 1985) (Table I). 
The ontogeny of plants may be divided into periods or 
stages based on the rise and extinction of the reproductive 
function and on certain juvenile and adult characteristics: 
on this basis pre-reproductive (juvenile), reproductive 
(adult) and post-reproductive (senile) periods can be dis
tinguished. 

The aim of our investigation was to describe the ontog
eny and its age states of abundant species during succes
sion after clearings in spruce forests. They were 
Calamagrostis epigeios, Calamagrostis arundinacea, 
Chamaenerion angustifolium, Juncus effusus and Rubus 
idaeus. 

Material and Methods 

The investigations were carried out mainly in the taiga 
(southern taiga zone) of the Central Forest Reserve in the 
centre of the Russian plain in the southwestern part of the 
Valday Uplands at the watershed of the Volga and Western 
Dvina rivers (Karpov 1973). Climatically this is a humid 
forest area with Picea abies as the dominant tree. The 
spruce forests found here vary in composition, depending 
on the geomorphology. 

The study plants were carefully collected in such a way 
that the whole individual was preserved. After careful 
morphological description the individuals were classified 
into age states. 

About 300 clones of Chamaenerion angustifolium and 
Rubus idaeus, I 000 tufts of Calamagrostis epigeios, 200 
tussocks of Juncus e.ffusus and Calamagrostis arundinacea 
were carefully excavated and described. 

The chronosequence approach ( 'space-for-time substitu
tion' was used for the description of the succession (Pickett 
I 989) by taking 6- 8 clearings in similar environments but 
of different periods after cutting. The resulting vegetation 
sequence is assumed to be the successional sequences. If 
succession is a population process, an understanding of 
succession requires an understanding of the life histories of 
species. 

Table 1. Ontogenetic periods and age states of plants (Gatsuk 
et al. 1980 with some changes). 

Ontogenetic period 

Latent 
Pre-reproductive 

Reproductive 

Post-reproductive 

Symbol 

se 
pl 
j 

im 
VI 

v, 
v, 

gl 
g, 
g, 
ss 

Age state 

Seed 
Seedling 
Juvenile 
Immature 
Young virginile 
Mature virginile 
Old virginile 
Young reproductive 
Mature reproductive 
Old reproductive 
Subsenile 
Senile 
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Results and Discussion 

All the study species are perennial polycarpics. In clear
ings they exhibit some features typical of competitive 
ruderals (C-R strategists; Grime 1979). They adapt to habi
tats mechanically disturbed by such disruptive event as 
clear-cutting. Two of them, Chamaenerion angustifolium 
and Calamagrostis epigeios are in the group of the most 
expansive perennial herbs in recent times in the temperate 
zone of Europe (Prach & Wade 1992). They have the 
ability for intensive vegetative spreading by long horizon
tal rhizomes ( Calamagrostis epigeios), roots (Rubus idaeus), 
stolons (Chamaenerion angustifolium) or intensive lateral 
growth of tussocks (Calamagrostis arundinacea, Juncus 
effusus). At the same time they combine high seed productiv
ity and dispersibility of generative diaspores in their regen
erative strategy. Most of them are anemochorous and have 
light seeds with pappus. Such species can be very successful 
in expansion over large areas (Prach & Pysek 1994 ). 

Calamagrostis epigeios 
Seedlings can be found only on hardly disturbed 

microsites (Ulanova 1995a; Lehmann 1997), but then up to 
30 seedlings/m2. C. epigeios colonizes disturbed sites also 
by vegetative reproduction from surviving parts of rhi
zomes, during the first year since a clearing was formed. 
Then vegetative spread may be more that I m/yr and nearly 
IO new young plants may appear from one rhizome part. 

The population structure in 1-2 yr old clearings is of 
the invasive type, with a predominance of virginile tufts 
(Fig. I). The great speed of colonization allows C. epigeios 
to dominate even in 2-3 yrold communities. The number of 
tufts per m2 is near 180 in 2-yr old clearings while the 
maximum production is reached in 3-4 yr populations. The 
older populations of C. epigeios have regressive features 
with subsenile and senile plants. The further development 
of C. epigeios is determined by competition with Rubus 
idaeus, Betula pendula and Picea abies. The number of 
tufts per m2 decreases to 50 in 7-yr old clearings. Popula
tion degradation begins after IO yr and is finished at 15 yr 
after a close canopy of birch or spruce has developed. At 
open places the population can survive for many years, but 
the number of tufts will be not large. 

Chamaenerion angustifolium 
Chamaenerion angust(folium colonizes clearings by seeds 

(Broderick 1990; van Andel 1975; Zabelkin & Ulanova 
1995). In the first year the population expands; in the third 
year most plants flower (Fig. 2). Seedlings can be found 
only during the first 3 yr. Roots grow fast and can be 5 m 
long; colonies may occupy 15 - 20 m2. C. angustifolium is a 
dominant species 4 - IO yr after clearing when there are 
only reproductive plants. Subsequent abundance of the 
species is largely determined by vegetative propagation. 
After IO yr one can see some virginile colonies appearing 
after disintegration of senile colonies. There are two groups 
of secondary colonies: young and old. C. angust(fc,lium can 
survive for a longer time only not entirely closed tree 
canopy and in gaps. 
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Fig I. Age-spectra of Calamagrostis epigeios in clearcuts of 
different age; x-axis: age stages (Table I); y-axis: frequency (9'r ). 
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Fig 4. Age-spectra of Ruhus idaeus in clearcuts of different 
age; x-axis: age stages (Table I); y-axis: frequency (% ). 

Calamagrostis arundinacea 
Calanwg rostis arundinacea is a rather large tussock grass 

that is abundant in forests and clearings (Ulanova 1995b ). A 
tussock can reach up to I m in diameter. The high competi
tive ability is supported by the production of compact litter 
which decays very slowly. Because of this few herbs can 
coexist around a tussock up to a distance of I - 2 m. 

After clear-cutting Calamagrostis arundinacea tussocks 
survive partly and begin to grow actively at open places. 
New seedlings appear rather rarely, as there is no soil seed 
bank. This explains why the age state diagram in 2-yr 
clearings shows a predominance of generative tussocks 
(Fig. 3). A great number of seeds actively disperse and 
germinate during next spring. C. arundinacea exhibits R
strategy characteristics (Grime 1979). This is reflected by a 
high percentage of biomass allocated to generative repro
duction (Fiala & Zelena 1995). So in the third year clear
ings young immature plants dominate and mature plants 
are less abundant. This new generation forms an even-age 
spectrum again at the 5-yr clearing. C. arundinacea is a 
dominant species from the 5th until the I 0th yr. 

Senescence of C. arundinacea populations starts after 8 
- IO yr; it follows the closure of the tree canopy. Within I 0 
yr after the clearing most if not all tussocks arc mostly 
senile and subsenile; the population density decreases dras
tically. After 30 yr one can find remaining sparse tussocks 
with I - 2 shoots of former dominating species under the 
canopy of young forest. 

Rubus idaeus 
Rubus idaeus is a root sucker shrub. It colonizes clear

ings by recruitment from seeds (Ulanova & Davletshina 
1996 ). Seedlings can be found only during the first 3 yr 
(Whitney 1986). The population is of a typical invasive 
type during this period (Fig. 4 ). In 3- 4-yr clearings most 
plants are virginile. Flowering shrubs dominate at 4-5-yr 
clearings. Rubus idaeus is a dominant species with con
stant abundance from 5 till IO yr since clear-cutting. Senes
cence process starts after IO yr as a result of competition 
with birch and spruce. The population has regressive fea
tures when a tree canopy closes up. There are two peaks in 
the age-state chart: first with young virginile and second 
with subsenile and senile shrubs. In young forests Ruhus 
idaeus is rather rare but it could survive in gaps or near tree 
trunks. 

Juncus ejfusus 
Juncus effusus is a large perennial tussock plant. It grows 

on wet hardly disturbed soils. Many seedlings appear from 
seed bank at first summer since clear-cutting (Minaeva & 
Ulanova 1991 ). They grow rapidly and the same year most 
of them reach virginile age state. The population has typi
cally invasive structure. Then it changes to the predomi
nance of generative plants. You can see really some senes
cence processes at the forth year clearing. Juncus can be 
dominant species from 2 till 6 year since clear-cutting. 
Tussocks of generative states are rather big (half of meter 
in diameter, I m in height) with compact litter which 
decays very slowly. New seedlings can not appear in that 
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conditions. And there are only big flowering tussocks in the 
oldest clearings. Usually more competitive species as young 
trees or shrubs change the dominant role. From 12 yr 
onwards the population has regressive features. Plants can 
survive only in old roads or local depressions. 

Conclusions 

Population dynamics of all discussed species has many 
common features. Age-state distribution of populations 
change from the invasive type to normal and than to senile. 
During the first three years features of ruderal (R) species 
strategy prevail in the life strategy. After 5 yr we can 
observe a change from a R- strategy to a competitive (C) 
strategy. Later, after ca. IO yr the strategy type moves to 
stress-tolerant (S). This means that all species studied 
change their strategy during secondary succession and 
their position in the 'Grime triangle' during secondary 
succession. 
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Abstract. Previous analyses of the pattern and causes of 
earthquake-induced damage to forests in mountainous regions 
have usually focused on the complete removal, or inundation 
by, catastrophic landslides. In contrast, this study quantifies 
damage by the 1994 Arthur's Pass earthquake (M,.. 6.7) to a 
mountain beech forest [Nothofagus solandri var. clijfortioides 
(Hook. f.) Poole] in New Zealand's Southern Alps at indi
vidual tree, stand and landscape scales. Data from randomly 
located permanent plots (400 m2) established in 1970 through
out Basin Creek (28 plots in 920 ha), 10 km southeast of the 
epicentre, and Broken River (34 plots in 2060 ha), 30 km 
southeast of the epicentre, were used to determine the distribu
tion, intensity, and causes of earthquake damage. Assessments 
of earthquake-induced damage in 1995 showed, on average, 
there was 24.0±5.9% tree mortality and 22.5±4.0% tree injury 
on Basin Creek plots, but only 0.6±0.2% tree mortality and 
3.3 ± 1.1 % tree injury on Broken River plots. As a conse
quence. average stem biomass declined from 149± 13.8 Mg/ha 
in 1993 to 114± 15.3 Mg/ha in 1995 on Basin Creek plots. Low 
intensity stem biomass mortality was common in Basin Creek 
with 25% of plots losing I to< 20% of their live stem biomass. 
Of note was our observation that 2.0 ± 0.9% of trees emigrated 
up to 100 m off the plots during the earthquake but still 
remained alive in 1995. Earthquakes with a magnitude of>6.0 
are common events in New Zealand forests with return times 
likely well within the longevity of dominant tree species. Thus 
it is not surprising that these forests may have a structure 
reflecting past disturbance by earthquakes over extensive areas. 

Keywords: Disturbance; Forest; Landslide; Mortality; Per
manent plot. 

Introduction 

Although the distribution, intensity. and frequency of 
earthquakes are readily determined for forested areas using 
seismological data. their impacts on forest structure and 
dynamics is poorly quantified. On a global scale, earth
quake epicentres are concentrated along the tectonically 
active major plate boundaries, and the boundary of the 
Pacific Plate forms a zone of intense earthquake activity 
(Fig. I; Strahler 1981 ). Several studies determining how 
earthquakes impact on forests have been conducted in this 
zone (e.g. Robbins 1957; Simonett 1967; Veblen & Ashton 
1978; Garwood ct al. 1979; Jacoby et al. 1988; Nakashizuka 
et al. 1993). Forests described in these studies occur on 

steep mountainous slopes and most of these studies have 
determined the area where forest has been completely 
removed. or inundated. by earthquake-induced catastrophic 
landslides (e.g. Simonett 1967; Veblen & Ashton 1978; 
Garwood et al. 1979). This denudation is striking and can 
be a considerable proportion of relatively large areas. For 
example, in the Madang area, Papua New Guinea. interpre
tation of aerial photography showed that 25% of a 240 km2 

area was denuded by a force 8.2 earthquake (Johns 1986). 
However, such studies likely underestimate earthquake 
damage because they only include the impacts of large 
landslides. This contribution summarizes a study by Allen 
et al. ( 1999) that quantified the pattern and causes of 
immediate earthquake-induced damage at the individual 
tree, stand and landscape scale. 

Methods 

We quantified the immediate impact of an earthquake 
(M.,. 6.7 in 1994) on a Nothojagus solandri var. clif.fortioides 
(mountain beech) forest in the Southern Alps, New Zea
land. Because mountain beech is the only canopy tree 
species present we were able to examine patterns and 
causes of damage without differences among species con
founding the results. Data from randomly located per
manent plots (400 m2) established in 1970 throughout 
Basin Creek (28 plots in 920 ha), IO km southeast of the 
epicentre, and Broken River (34 plots in 2060 ha), 30 km 
southeast of the epicentre, were used to determine the 
distribution, intensity, and causes of earthquake damage 
(see Allen et al. 1999). Such a network of plots allowed us 
to demonstrate the utility of having many small dispersed 
plots to capture disturbance impacts. Trees were tagged 
and diameters measured on all plots in 1974, 1976, 1978, 
1980, 1983, 1985, 1987, 1995 and 1996 (Allen 1993). 
Basin Creek plots were also measured in 1993 (six months 
before the earthquake) and Broken River plots in 1994 (six 
months after the earthquake). 

Results and Discussion 

68% of Basin Creek plots were affected by earthquake
induced landslides compared with only 6% of Broken 
River plots. Assessments of earthquake-induced damage 
in 1995 showed, on average, there was 24.0±5.9% tree 
mortality and 22.5 ± 4.0% tree injury on Basin Creek 
plots, but only 0.6±0.2% tree mortality and 3.3± 1.1% 
tree injury on Broken River plots. As a consequence, stem 
biomass declined from 149±13.8Mg/hain 1993to 114± 
15.3 Mg/ha in 1995 on Basin Creek plots. On average, 
earthquake-induced landslides caused 74% of stem biomass 
mortality in Basin Creek. Although landslide-caused mor
tality was greatest on steep slopes there was no relationship 
between mortality and 1993 stand structure or previous 
forest dynamics. Low intensity stem biomass mortality 
was common in Basin Creek with 25% of plots losing I to 
<20% of their live stem biomass. Damage intensity here 
depended on the scale of observation; 100% mortality 
occurred on 7% of 400 m2 plots, 15% of IO m x IO m 
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Fig. 1. Global distribution of earthquake epicentres for the period 1961-1967. Epicentres of earthquakes with a magnitude of< 8.0 
(•)and~ 8.0 (0) are mapped (modified from Strahler 1981 and reprinted with permission of Harper and Row Limited). 
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subplots, and 21 % of 5 m x 5 m subplots. 
The higher frequency of complete stem biomass mortal

ity at smaller scales suggests partial loss at the 400-m2 

scale is mostly the result of complete loss at smaller scales. 
In Basin Creek, tree injury was largely the result of damage 
by other trees. There was no difference in the diameter, or 
previous diameter growth, of undamaged versus injured 
trees occurring on the same plot. Of note was our observa
tion that 2.0±0.9% of trees emigrated up to I 00 m off the 
plots during the earthquake but still remained alive in 1995. 

Our results show that although an earthquake can cause 
catastrophic damage, much of an earthquake's immediate 
impact is through widespread, low intensity damage to 
forests (Allen et al. 1999). 54% of Basin Creek plots had 
partial stem biomass mortality, and 46% of these had less 
than 20% stem biomass mortality. Nearly as many trees 
were injured in the earthquake as died, and these could well 
contribute to significant ongoing tree mortality and the 
long-term dynamics of these beech forests. Earthquakes 
with a magnitude of>6.0 are not an unusual event in South 
Island forests with return times likely well within the 
longevity of dominant tree species (Fig. 2). Thus it is not 
surprising that existing South Island forests may have a 
structure reflecting past disturbance by earthquakes over 
extensive areas (Wardle 1980; Wells et al. 1998). Earth
quakes do not impact on forests in isolation from other 
disturbance events, and in our study area we have quanti
fied a sequence of disturbance events over a 26 year period 
that have influenced forest structure, including: snow, wind, 
pathogens, and earthquakes (Harcombe et al. 1998; Allen 
ct al. 1999). This combination of events has resulted in a 
catchment level mean plot stem biomass decline of 19% in 
Broken River and 35% in Basin Creek (Allen et al. 1999). 
It is unlikely that a similar sequence of events will occur in 
our study area over another 26-yr time period, and as a 
consequence we suggest that any forested area is subjected 
to a sequence of disturbance events that may not be re
peated in time or space. 

Acknowledgements. This research was partly funded by the 
New Zealand Foundation for Research, Science and Technol
ogy (Contract C09806). Numerous individuals have contrib
uted to the collection of data used in this article and the data 
from this beech forest dynamics project is archived in the 
National Vegetation Survey database. 

References 

Allen, R.B. 1993. A permanent plot method jbr monitoring 
changes in indigenous forests. Landcare Research, Christ
church. 

Allen, RB., Bellingham, P.J. & Wiser, S.K. 1999. Immediate 
damage by an earthquake to a temperate montane forest. 
Ecology 80: 708-714. 

Garwood, N.C., Janos, D.P. & Brokaw, N. 1979. Earthquake
caused landslides: a major disturbance to tropical forests. 
Science 205: 997-999. 

Harcombe, P., Allen, R.B., Wardle, J.A. & Platt, K.H. 1998. 
Spatial and temporal patterns in structure, biomass, growth, 
and mortality in a monospecific Nothofagus solandri var. 
cliffortioides forest in New Zealand. 1. Sustain. For. 6: 
313-345. 

Jacoby, G.C., Sheppard, P.R. & Sieh, K.E. 1988. Irregular 
recurrence of large earthquakes along the San Andreas 
fault: evidence from trees. Science 241: 196-200. 

Johns, R.J. 1986. The instability of the tropical ecosystem in 
New Guinea. Blumea 31: 341-371. 

Nakashizuka, T., Iida, S., Suzuki,W. & Tanimoto, T. 1993. Seed 
dispersal and vegetation development on a debris avalanche 
on the Ontake volcano, Central Japan. J. Veg. Sci. 4: 537-
542. 

Robbins, R.G. 1957. Direct effect of the 1855 earthquake on the 
vegetation of the Orongorongo Valley, Wellington. Trans. 
R. Soc. N. Z. 85: 205-212. 

Simonett, D.S. 1967. Landslide distribution and earthquakes in 
Bewani and Torricelli Mountains, New Guinea-a statistical 
analysis. In: Jennings, J.N. & Mabbutt, J.A. (eds.) Land
form studies from Australia and New Guinea, pp. 64-85. 
Australian National University Press, Canberra. 

Strahl er, A.N. 1981. Physical geology. Harper and Row, New 
York, NY. 

Veblen, T.T. & Ashton, D.H. 1978. Catastrophic influences on 
the vegetation of the ValdivianAndes, Chile. Vegetatio 36: 
149-167. 

Wardle, P. 1980. Primary succession in Westland National Park 
and its vicinity, New Zealand. N.Z. J. Bot. 18: 221-232. 

Wells, A., Stewart, G.H. & Duncan, R.P. 1998. Evidence of 
widespread, synchronous. disturbance-initiated forest 
establishment in Westland, New Zealand. J. R. Soc. N. Z. 
28: 333-345. 



Proceedings IA VS Sn11posiu111, pp. R7-R9, 2000 
<DIA VS; Opu/us Press Uppsala. Primed in the UK 

Spatial distribution and regeneration 
of Laur us azorica in a laurel forest 

on Tenerife 

Arevalo, Jose Ramon & 
Fernandez-Palacios, Jose Maria 

Departamento de Ecologia, Universidad de La Laguna, 

Tenerife, Islas Canarias, Spain; 
Fax +349223183 l!: E-mail jarevalo@ull.es 

Abstract. We conducted a study to assess the spatial distribu
tion of trees (>4 cm DBH) and the effect of these distributions 
in the regeneration of Laurus a::orica. Univariate spatial analy
sis (performed with Ripley's K1) revealed that all species 
showed significant aggregation at short distances. but two 
groups could be differentiated: shade-intolerant species showed 
a significant trend towards aggregation at all distances (espe
cially Erica scoparia) and shade-tolerant species only showed 
significant aggregation at short distances (L. a::orica and 
Prunus lusitanica). Spatial analysis of trees using Ripley's 
bivariate K1_2 showed no significant differences in the spatial 
distribution of analysed species pairs. 

Univariate spatial analysis for L. awrica seedlings revealed 
that in all the plots the distribution tended to be clumped up to 
3 m and the remaining distances analysed also showed clumped 
distributions (IO m was the maximum distance analysed), 
except for two plots. For saplings. five plots revealed clumped 
distributions up to 3 m, and only two up to 10 m. 

We suggest that the high rate of asexual regeneration by 
basal sprouts and the environmental conditions arc the most 
important factors in the spatial organization of trees, seedlings 
and saplings of L. a::orica. 

Keywords: Ripley's K: Sapling: Seedling; Shade tolerance: 
Spatial pattern. 

Nomenclature: Hansen & Sunding (1985). 

Introduction 

Spatial patterns of trees help reveal the nature of forest 
dynamics. They reveal aspects of canopy replacement (Horn 
1975; Busing 1996), regeneration (Condit et al. 1992: 
Norton I 991 ), changes of forest dynamics under distur
bance (Alekseev & Zhercbtsov 1995; Vacek & Leps 1996) 
and spatial relationships between tree species (Duncan 
1991; He et al. 1997). Also, the spatial distribution of trees 
could be an important factor in the process of management 
of natural areas (Moeur 1993 ). 

This paper describes the spatial relationships among the 
trees of the laurel forest and the spatial distribution of the 
most abundant sapling and seedling species of the laurel 
forest, Laun1s azorica (Arevalo 1998). 

87 

Material and Methods 

Study site 
The study was conducted in the Anaga Natural Park in 

the northeast corner of Tenerife, Canary Islands (28° 19' N, 
16°34' W). The park encompasses a 7 to 8 million year old 
basaltic massif (Ancochea et al. 1990) covering ca. 130 km2 

and representing 7% of Tenerife ·s area. We selected two 
stations in the park as representing the best conserved 
laurel-forest remnants of Anaga: 'El Moquinal' on the 
windward slope and 'Monte de Aguirre' on the leeward 
slope. We chose ca. 300 ha of the best conserved forest at 
each station. 

The canopy height of Anaga's laurel forest varies be
tween 10 and 20 m depending on slope. Dominant species 
include Lllurus a-::.orica, Erica scoparia, E. arborea, flex 
canariensis, Prunus lusitanica, Myricafaya and Viburnum 
tin us ( V. ti nus is a short understorey tree which occasion
ally reaches the canopy, so it was not considered a canopy 
tree in this study). Further information about the study site 
is given in Arevalo ( 1998 ). 

Data collection 
In June and July of 1996, we randomly selected four 625-

m2 square plots in each of the two sites with different 
altitude and aspect (plots I to 4 were situated in Moquinal 
and plots 5 to 8 in Aguirre). We defined 'trees' as stems of 
at least 4 cm DBH. ·saplings' as stems taller than 50 cm and 
less than 4 cm DBH with a sexual origin, and "basal sprouts' 
as sapling-size stems of asexual origin (connections with 
parent stems, with some exceptions, were apparent). Previ
ous studies recommended these classes in accordance with 
the physiognomy and phenology of this forest (Fernandez
Palacios & Arevalo 1998). We mapped all trees, saplings and 
basal sprouts of the plots (with an accuracy of 0.05 m). A 
detailed summary of tree density, basal area and sapling and 
seedling density of the plots can be found in Arevalo ( 1998 ). 

Spatial analysis 
We studied the spatial distributions of canopy tree spe

cies categories with more than JO stems per plot using the 
univariate Ki(t) function, which is the expected number of 
other individuals within a distance t of any individual, and 
the bivariate K

1
_it) function, which is the expected number 

of other individuals of other species within a distance t 
(Ripley 1977). These analyses are effective in detecting 
spatial relations between points on a map (Bailey & Gatrell 
1995) and arc recommended when information of multiple 
neighbour (closest regenerative stems to every tree) dis
tances are available (Busing 1996). The null hypothesis is 
the complete randomness of the spatial distribution of tree 
stems of one species for K1 (t) and complete randomness of 
spatial distribution of tree stems for each pair of species for 
Ki.Pl- Because a minimum number of stems is required 
for carrying out these analyses, the number of plots in 
which we ran the analyses differs for the different species. 

The spatial distribution of seedlings and saplings of 
Laurus a::.orica were analysed with the univariate K

1
(t) 

function. For a graphical representation we used the transfor-
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mation of the K1 (t) to the W1 (t) proposed by Szwagrzyk 
( 1992). This graphical display allowed us to visualize in 
only one curve which of the values of the index at differ
ent distances differ from a random spatial distribution 
(for p < 0.05). When the spatial distribution of the stem at 
the given distance does not differ from a random distribu
tion, the value of the curve at that distance is 0. When 
aggregation is detected, the values of the curve are posi
tive (the value will increase depending on the differences 
among the expected value and observed value). Negative 
values of the curve indicate repulsion at the given distance. 

Results 

The univariate spatial analysis revealed significant clump
ing for species at different distances (Table 1 ). All species 
showed significant aggregation at short distances, but two 
groups could be differentiated: shade-intolerant and indif
ferent species showed significant aggregation at all dis
tances in the majority of the plots calculated (especially 
Erica scoparia) and shade-tolerant species only showed 
significant aggregation at distances < 2 m (Laurus awrica 
and Prunus [usitanica). All the trees included in the analyses 
use asexual reproduction (primarily by basal sprouts), and 
consequently all the species are aggregated at short dis
tances. Clumped distributions of trees have been observed in 
other studies (Okuda et al. 1997; Kohyama et al. 1994 ). 

As to the spatial relationships between different tree 
species as revealed by the Ripley's bivariate K1.2, no sig
nificant differences were shown in the spatial distribution 
of analysed species pairs and random distributions for all of 
the analysed distances. 

Figs. 1 and 2 represent the values of the transformation 
Wt of Ripley's univariate K1(t). Figs. la and 2a show that 
the analysis of seedlings in all the plots revealed aggrega
tion up to 3 m in all the plots, and except for two plots, the 
rest of them showed significant aggregation up to IO m (the 
maximum distance analysed). For saplings (Figs. I b and 
2b), the aggregation distribution is not as consistent as seen 
in seedlings. Only five plots showed significant aggregation 
up to 3 m, and only two plots up to IO m. 

Table 1. Results of Ripley's univariate K1(t) function analysis 
for species with a density per plot> I 0. No significant repul-
sion has been detected in any of the plots. Data in the table 
indicate number of plots that showed significant (p < 0.01) 
aggregation at the given distance. 

Distance (m) No. I 2 3 4 5 6 7 8 9 10 
plots' 

Species 
Eric<1 scoparill 3 3 3 3 3 3 3 3 3 3 2 

flex cmwriensis 8 8 8 7 s 3 3 2 2 2 2 

Laurus cr::.oricu 8 8 4 2 I 0 0 0 0 0 0 

Mwica.f,m, 5 s s 5 4 I I I I 0 0 

Prunus lusitanica 4 4 3 0 0 0 0 0 0 0 0 

*Number of plots where the analysis was developed. For the other plots 
the data were not sufficient to satisfactorily run the analysis. 

Discussion 

Shade-intolerant species could be characterized by their 
dependence on light (Myrica faya) and the preference of 
the species (Erica arborea and E. scoparia) for a transi
tional habitat between laurel forest and pine forest or 
mountains peaks lashed by winds. The dependence on 
these habitats result in a clumped spatial distribution. The 
univariate spatial analysis placed /lex canariensis in the 
group of shade-intolerant species. The effect of seed preda
tors, herbivores, or pathogens is not documented, but since 
these factors should lead to spatial repulsion (Augspurger 
1983; Clark & Clark 1984), our results suggest that they 
play a minor, if any, role. We assumed that the proximity of 
different or the same species would not affect the saplings' 
ability to reach the canopy as much as other factors (space, 
light, physiology of species). Asexual regeneration, mainly 
by basal sprouts in these forest, plays an important role in 
the spatial distribution of the trees 

The univariate analysis of spatial distribution of seed
lings of Laurus awrica showed a strong trend of aggrega
tion. This trend was less evident for the sapling class, and 
was almost non existent for the trees, which maintained 
aggregation only at short distances due to the asexual 
regeneration. The change from significant clumped to 
significant regular spatial distribution with increasing 
age of the sterns has been reported in different studies 
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Fig. 1. Values of the index Wt for seedlings (a) and saplings (b) 
in the four plots (I, 2, 3 and 4) of El Moquinal. The index was 
calculated every m up to IO m. 
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Fig. 2. Values of the index Wt for seedlings (a) and saplings (b) 
in the four plots (5, 6, 7 and 8) of El Monte de Aguirre. The 
index was calculated every m up to IO m. 

(Whipple 1980; Good & Whipple 1982). Significant regu
lar distribution of the stems has been related with later 
successional stages of the forests (Oliver & Larson 1990), 
but in this forest, the high rate of asexual regeneration 
could be responsible for the lack of repulsion or random 
distribution. 

With these results, we suggest that the environment 
could be a more important factor than species interactions 
on the spatial distribution of the trees, saplings and seed
lings of Laurus azorica. The effect of the environment on 
the spatial distributions has been shown in other studies 
(Manabe & Yamamoto 1997). A low number of species 
could confirm this hypothesis for the laurel forest. 
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Abstract. Species composition and stand structure of second
ary forests affected by pine wilt disease were studied in 
western Japan. On the basis of species composition, the veg
etation was divided into four types; I. Claclonia rangiferina; 2. 
Wikstroemia sikokiana; 3. Quercus g/auca and 4. Gleichenia 
japonica type. Height of trees increased from the C. rang1jerina 
type to the Q. glauca type, whereas conversely the number of 
trunks decreased. Relative basal area of Rhododendron 
reticulatum and Juniperus rigida in the C. ranglferina and W 
sikokiana types was larger than that in the Q. glauca type. 
Relative basal area of Quercus serrata, C/ethra harbinervis 
and Eurya japonica in the C. ranglferina and W sikokiana 
types was smaller than that in the Q. g/auca type. The numbers 
of species and components of evergreen broad-leaved natural 
forests were reduced because pine forests in the study area had 
been cut frequently and the land had degraded. Although pine 
wilt disease has shifted the dominance of pine forests from 
Pinus denstjlora to deciduous oaks such as Quercus serrata, 
seed dispersal of evergreen oaks seems to be important for 
succession to evergreen broad-leaved forest. 

Keywords: Degradation; Distribution pattern; Evergreen 
broad-leaved forest; Mortality rate; Phytosociology; Pinus 
densijlora; Quercus serrata; Species-poor forest; Succession; 
Topography. 

Nomenclature: Ohwi & Kitagawa ( 1983) for seed plants, 
Ohwi & Nakaike (1978) for ferns and Yoshimura (1974) for 
lichens. 

Introduction 

One of the most representative vegetation types in west
ern Japan is Pinus densijlora forest, since most natural 
evergreen broad-leaved forests have been converted to 
secondary pine forests after disturbances such as clear
cutting, land clearing and fire. In addition, many forest areas 
have been degraded because of frequent and severe artificial 
factors, especially in the eastern part of the San-yo district. 
The numbers of species and individuals of evergreen broad
leaved trees, which are the main component oflucidophyllous 
forests, are small in this area. After the 1960s, however, pine 
forests were abandoned and succession has been progress
ing. Pine wilt disease has also affected the vegetation of 

pine forests and landscapes. Stand-level dieback has been 
reported from many kind of forests (Mucller-Dombois 
1991) and pine wilt disease is considered to result in stand
level dieback (Fujihara 1996, 1997; Toyohara & Fujihara 
1998). Some of the disturbed pine forests have changed to 
evergreen broad-leaved forests after the disease, especially 
in the case of species-rich pine forests (Fujihara 1995, 
1997). Abrams & Scott ( 1989) documented a hypothetical 
example of disturbance-mediated accelerated succession. 
Fujihara (1996) clarified that the growth of suppressed 
Quercus serrata was accelerated after pine wilt disease and 
the dominant species changed through pine to deciduous 
oak from the growth of individual trees of dominants. 
Disturbance influences the stand structure through modifi
cation of the physical environment (White & Pickett 1985). 
However, the response of each tree species to disturbance 
by pine wilt disease and structural changes in the forests arc 
still not clear, especially in species-poor forests. 

The aim of this study was to examine the structure of 
pine forest affected by pine wilt disease and to clarify the 
process of vegetation recovery after the disease in the 
degraded area. 

Study site and Methods 

The study site (3.79 ha) is located at 205 to 237 m a.s.l. in 
the San-yo district at 34° 28' N and 133° 48' E. Geologi
cally, rhyolite covers the site. Mean annual temperature 
and annual precipitation are 15.2 °C and 1202 mm, respec
tively, at Kurashiki, the nearest meteorological station 
(Anon. 1982). In the study area much bare ground is 
present, and land degradation has occurred because of 
previous forest fires and frequent cutting over a long pe
riod. Pine wilt disease occurred around 1970 (Fujihara 
1996). 

The field surveys were carried out from 1989 to 1990. 
Cover-abundance and sociability (Braun-Blanquet 1964) 
were recorded in 63 quadrats established randomly in the 
study area. Classification of communities was made on the 
basis of species composition using phytosociological meth
ods (Braun-Blanquet 1964; Muller-Dombois & Ellenberg 
1974 ). A vegetation map was made based on the occur
rence or absence of the differential species by the field 
survey. 

In order to clarify the structure of stands, eight plots (40 
to I 00 m2) were established on two belt transects on an 
east-facing slope (Fujihara 1996). Cover-abundance and 
sociability (Braun-Blanquet 1964) of all vascular plants in 
each layer were recorded in each plot. Species name, tree 
height (H) and trunk diameter at breast height (DBH) were 
recorded for living trees taller than I m in each plot. 
Species name and number of dead trees were also recorded. 
To estimate the severity of disturbance by pine wilt disease, 
mortality rates of pine trees were calculated using the 
following equation: 
Mortality (pine)= (number of fallen dead pine trees/total 
number of dead and living pine trees) x 100 

To estimate change in structure after pine wilt disease, 
mortality of light-demanding trees (Juniperus rigida, Rho-
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Table 1. Species composition of forest vegetation in the degraded area. 25 species occurring with low frequencies are omitted. 

Vegetation type 1 Cladonia Wikstroemia 
rang(!Crina .\ikokimw 

type type 

N um her of stand 5 18 
Mean number of species 21 16 

I. Pin us densijlora group 
Pi nus <lensi flora V' 2-4 1 V 1-5 

2. Rhododendron reticulatum group 
Rhododendron reticu/arum V 1-3 V 2-3 
Quercus serrata V +-I V +-2 
Lyonia oral~folia var. e/hptic(l IV 2 V +-3 

3. Cladonia rangiferina group 
C/adia aggregata V +-I 
Cladonia rangffl'rina V + 

4. Wikstroemia sikokiana group 
Miscanthus sinensis V +-2 IV +-I 
R/u)(/odendron kaempferi V 1-2 V +-I 
Wikstroemia sikokimw IV +-I Ill +-I 
\.i1ccinium bracteatum IV I II +-I 

5, Quercus glauca group 
Dendn>pmwx trifidus I + 
Myrica rubra I + 
Pi nus densi-thunhergii 
Ligustrum japonicum 

6, G/eichenia japonica group 
Gleichenia japonica I + 

7. Euryajaponica group 
Eurya japonica V 1-2 V 1-3 

8, Pieris japonica group 
/lex pedum·u/osa V 1-2 V 1-3 
Clethra barhinen'i.\· V +-I Ill +-2 
llex trenat(I V +-2 V +-I 

9. Others 
Smilax china V +-I V +-I 
Juniperus rigida V 3 V 2-.J 
RJ,us trichocaqw V + V + 
Vaccinium o/dhamii V 1-2 V 1-.J 
Dicranopteris linearis Ill +-I V +-5 
Sympl<Jcos prun(folia II + I + 
Ternstroemia gymnanthera I +-I 

1 All vegetation types belong to Quern, glaucae-Pinetum densUlorae: 
'Frequency (Braun-Blanquet 1964); 'Range ofcover-ahundance (Braun-Blanquet 1964). 

dodendron reticulatum, Vaccinium oldhamii and Lyonia 
ovalifolia var. elliptica) were calculated from the following 
equation: 
Mortality (light-demanding trees) = (number of standing 
dead light-demanding trees/total number of dead and liv
ing light-demanding trees) x I 00 

Results 

Vegetation t)1Jes 
Vegetation types were classified into four types on the 

basis of species composition (Table I). The Cladonia 
rangiferina type is characterized by the occurrence of li
chens, such as Cladonia rangiferina and Cladia aggregata. 
The Wikstroemia sikokiana type is characterized by the occur
rence of full-light demanding plants, such as Wikstroemia 
sikokiana, Rhododendron kaempferi, Miscanthus sinensis and 
Vaccinium bracteatum. The Quercus glauca type is character
ized by the occurrence of evergreen broad-leaved trees, such 
as Dendropanax trifidus, Myrica rubra and Ligustrum 
japonicum. The Gleichenia japonica type was character
ized by the dominance of G.japonica. Evergreen Quercus 

Quen·us Gleichenia 
glauca japonica 

type type 
---

30 7 
17 9 

IV 1-5 IV 1-2 

V +-3 V +-2 
V +-4 IV +-4 
V +-3 Ill 1-3 

I + 

Ill + 
II +-2 
II +-2 II +-I 
II + 

I +-2 V 4-5 

V 2-5 V 4-5 

V 1-2 IV 1-2 
V +-5 IV +-2 
V +-I II + 

V +-I V +-2 
V 1-3 V 1-2 
V +-I II + 
Ill +-I 
IV +-5 
IV +-3 
II +-I 

fii='.3 Cladonia rangiferina type 

[Ilil]Il] Wikstroemla sikoklana type 

~ Quercus g/auca type 

!mW} Glelchenia Japonica type 

Fig. 1. Vegetation map for 1989 based on the field survey. 
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and Castanopsis were not found in the quadrats. 
The number of plant species in each vegetation type was 

small (9 to 21) in the present study area, indicating that 
severe disturbances such as fire, clear-cutting, land clear
ance had occurred frequently. 

Fig. I shows the distribution of each vegetation type. The 
Cladonia rangiferina type was located on ridges. The 
Wikstroemia sikokiana type was located on ridges and the 
upper parts of slopes, whereas the Quercus glauca type was 
located on the middle and lower parts of slopes. Plot WI 
belonged to the Cladonia rangiferina type, plots W2, W3 
and W4 to the Wikstroemia sikokiana type, and plots W5, 
W6, W7 and W8 to the Quercus glauca type (Fujihara 
1996). 

Mortality rate of Pinus trees 
Mortality rate increased from the Cladonia rangiferina 

type (mean +s.d.: 0.0 % ) through the Wikstroemia sikokiana 
type ( 12.8 + I 0.2 % ) to the Quercus glauca type (58.8 + 
36.8% ). The basal area of dead pine trees was larger for the 
Quercus glauca type (12.0+ 10.0 m2/ha). Pine wilt disease 
was severe in the late successional stages. 

Basal area of trees in each vegetation f}pe 
Fig. 2A shows the basal area (BA) and relative value of 

basal area (RBA) of trees. Total basal area increased from 
the Cladonia rangiferina type to the Quercus glauca type. 
The relative basal area of Pinus densiflora, Juniperus 
rigida, Rhododendron reticulatum, and R. kaempferi was 
larger in the Cladonia rangiferina and Wikstroemia 
sikokiana types than in the Quercus glauca type. Pinus 
densiflora still dominated in the Cladonia rangiferina and 
Wikstroemia sikokiana types after pine wilt disease. The 
basal area and relative basal area of Quercus serrata, Eurya 
japonica, Clethra barbinervis and Rhus trichocarpa were 
large in the Quercus glauca type. After pine wilt disease the 
growth of Quercus serrata increased markedly (Fujihara 
1996) and Quercus serrata, Clethra barbinervis, and Pinus 
densiflora became the co-dominant tree species in the 
Quercus glauca type. 

Density of trees in each vegetation type 
Total tree density decreased from the Cladonia rang/ferina 

type (786/100 m2) through the Wikstroemia sikokiana type 
(227 to 479/100 m2) to the Quercus glauca type (122 to 
189/100m2) (Fig. 28). These densities were higher than 
those of species-rich pine forests. The densities and rela
tive value of densities of light-demanding trees, such as 
Pinus densiflora, Juniperus rigida, Rhododendron reticu
latum, R. kaempferi and Lyonia ovalifolia var. el!iptica 
were higher in the Cladonia rangiferina and Wikstroemia 
sikokiana types than in the Quercus glauca type. Relative 
density values (RN: relative number of trees) for Eurya 
japonica and Clethra barbinervis were higher in the Quercus 
glauca type than in the Cladonia rangiferina and Wik
stroemia sikokiana types. There were no evergreen oaks, 
which are the dominant species of natural evergreen broad
leaved forests in western Japan. 

Height of trees in each vegetation f}pe 
Mean height of trees in each layer is shown in Fig. 2C. 

Tree height increased from the Cladonia rangiferina type 
to the Quercus glauca type. Differences in size were not 
related to age. Mean height of pine trees exceeded 8 m in 
the Quercus glauca type, compared to less than 6 m in the 
Cladonia rangiferina and Wikstroemia sikokiana types. 
Quercus serrata constituted a shrub layer in the Cladonia 
rang/ferina and Wikstroemia sikokiana types, while Q. 
serrata constituted an upper canopy layer in the Quercus 
glauca type. 

Morta/if}' of light-demanding trees 
The mortality oflight-demanding trees (Juniperus rigida, 

Rhododendron reticulatum, Vaccinium oldhamii and Lyonia 
ovalifolia var. elliptica) was higher in the Quercus glauca 
type (mean+ s.d.: 60 + 5 % ) than in the Wikstroemia sikokiana 
type (20+2 %) and the Cladonia rangiferina type (15+ JO 
%). 

Discussion 

The density of trees decreased from the Cladonia 
rangiferina type through the Wikstroemia sikokiana type to 
the Quercus glauca type, whereas conversely, the size of 
the trees increased. Soil conditions in the Cladonia 
rangiferina and Wikstroemia sikokiana types appear to be 
dry, because they are located on ridges and the upper parts 
of slopes. On the other hand the soil conditions seem to be 
mesic in the Quercus glauca type, because it is located on 
the lower parts of slopes. 

Disturbance influences the structure of stands through 
modification of the physical conditions (White & Pickett 
1985), and disturbance releases resources to surviving 
plants (Chanham & Marks 1985). In low-diversity biomes, 
where only a few canopy species dominate the vegetation 
cover, these dominants often play a key role in the dynam
ics of such ecosystems (Muller-Dombois 1991 ). The canopy 
layer of pine forests was composed of pine trees before the 
appearance of pine wilt disease, and the disappearance of 
canopy pines affected the ecosystem drastically. The growth 
of previously suppressed small oak (Q. serrata) trees was 
accelerated after dieback of the pine trees (Fujihara 1996). 
In addition to Q. serrata, Eurya japonica and Clethra 
barbinervis became co-dominant trees after the disease in 
the Q. glauca type. 

After the rapid growth of Q. serrata and other species, 
light conditions seem to have changed. Mortality of light
demanding trees was higher in the Quercus glauca type than 
in the Cladonia rangiferina and Wikstroemia sikokiana types. 
Light-demanding tree species were considered to have died 
during this decade, because most of the dead trees were 
standing. Light conditions became dark and soil conditions 
became moist after the rapid growth of Q. serrata and other 
species in stands that were severely affected by the disease. 
The main component species changed from light-demand
ing plants to relatively shade-tolerant ones in terms of 
basal area and number of trees, thus creating physical 
conditions for shade-tolerant evergreen broad-leaved trees. 
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In the species-rich forests, the dominant species change 
from pine to evergreen broad-leaved types directly after 
pine wilt disease (Fujihara 1995, 1997). At the present 
study site, the numbers of species and individuals of com
ponents of natural evergreen broad-leaved forests were less 
than those in species-rich pine forests. To stimulate the 
succession from deciduous oak to evergreen oak forests in 
degraded areas, it is important to establish evergreen broad
leaved trees, such as Quercus glauca and Castanopsis 
cuspidata. 
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Abstract. Three hypotheses are tested concerning size and 
diversity of the seed bank composition in primeval deciduous 
Tilio-Carpinetunz forest in Bialowieza, NE Poland: I. In un
disturbed patches the seed bank is small and species-poor and 
dominated by the herbs on the forest floor; 2. There is no 
difference in seed bank between primeval forest and regenera
tion forest at least 90 yr old; 3. In the seed bank from patches 
of secondary tree stands more species from the aboveground 
vegetation are absent. 

During 4-yr observations the primary tree stand had 316 7 
seeds/m 2 belonging to 40 species, the secondary tree stand 
3827/m2 with 42 species. There were no significant differ
ences between the primary tree stand and the 90-yr old 
regeneration stand. As to hypothesis 3. species absent or 
scarce in the herb layer were more abundant in the secondary 
tree stand. 

Keywords: Disturbance; Herb layer; Primary tree stand; Sec
ondary tree stand; Tilio-Carpinetum. 

Nomenclature: Tutin et al. ( 1964-1980). 

Introduction 

One of the soundest generalizations concerning soil seed 
banks of primeval. temperate deciduous forest community 
is that they are small and species-poor and diverge from 
the standing vegetation at the site (Pickett & McDonnell 
1989; Thompson 1992). The main components of such 
banks are early successional, light demanding species, which 
life strategy is connected with periodically appearing distur
bance. 

The aim of the present study is to test three hypotheses 
concerning the size and diversity of seed bank species 
composition in a natural deciduous forest community, as 
well as in a comparison of such bank with the bank deriving 
from the patches within the secondary tree stand that spon
taneously appeared 90 yr ago after clear-cutting. 
I. In undisturbed patches of the natural Carpinus forest the 
seed bank is small, species-poor and dominated by the 
herbs present on the forest floor. 
2. There is no difference between the size and species 
diversity of the seed bank in the primary Carpinus forest 
and patches where the regeneration process after clear
cutting began about 90 yr ago. 
3. The seed bank taken from the patches within the second
ary tree stand is characterized by a higher percentage of 
species absent in aboveground vegetation 
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Study sites 

The studies were conducted in a part of the primeval 
forest in the Bialowieza National Park assigned to the Tilio
Carpinetum (Faliriski et al. 1988). There are three parallel 
forest belts with a secondary tree stand originating from a 
clear-felling (ca. 90 yr ago), each I 076 m (I verst) x 108 m; 
they alternate with, and are enclosed by, primary forest. 
The primary forest is dominated by Carpinus, Tilia and 
Quercus with abundant Acer and Picea, while the patches 
within the secondary tree stand is dominated by Betula and 
Populus with some Picea, all of which invaded spontane
ously. In both forest types there is virtually no shrub layer, 
and the moss layer is sparse and species-poor. The herb 
layer is species-rich and quite similar in composition in the 
two forest-types. 

Methods 

The seed bank was estimated by the seedling emergence 
method. Plots for the study of the herb layer structure and 
the seed bank were established within the permanent site of 
the Bialowieza Geobotanical Station of Warsaw University 
(Faliriski et al. 1988). The dominance structure of vascular 
plants in the herb layer was determined by analysis of 
species frequency in 50 plots 2 m x 2 m each. The soil 
samples were taken early spring 1993 from these 50 plots 
which were situated in primary forest (25 plots) and in 
forest with a secondary tree stand. Altogether 50 samples 
(31 cm x 31 cm x 5 cm) were dug from the centre of each 
2 m x 2 m quadrat. The litter layer was removed from 
samples, while stolons and rhizomes and larger roots 
were pulled out, and was then replaced. Soil samples were 
kept in an unheated glasshouse, observations were made 
at I 0-day intervals during the growing season from April 
1993 to 30 October 1996. On each occasion the numbers 
of identifiable seedlings were recorded by species, and 
the seedlings then removed. After each recording the soil 
surface of each soil monolith was stirred to a depth of 2 -
3 cm avoiding only seedlings left to grow on. When the 
sample yielded no new seedlings at two successive re
cording sessions, and no seedlings were left to grow on, 
the soil was stirred to its full depth. Identification was 
based on the forest herbarium of seedlings and the atlas of 
Csapody ( 1968). 

Results 

The hypothesis that the seed bank of a natural deciduous 
forest community would be poor in species and of low 
density has not been confirmed. In 25 soil samples taken 
under the primary tree stand 7610 seedlings (3167 /m2) and 
40 species were recorded during the four-year observation, 
whereas in the samples from the secondary tree stand were 
9195 (3827 /m2) seedlings of 42 species occurred. In both 
stands there were 46 species in total, and 36 were common 
(Fig. I). Of all seedlings 319 grasses and 4 dicots were not 
identified by species. 

The mean number of seedlings per sample amounted to 
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Fig. 1. Percentage of number of species occurring in the soil seed bank and herb layer of a deciduous forest with primary and 
secondary tree stands. 
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304.4±220.2 for the samples taken under the primary stand 
and 367 ± 187 .8 for those taken under the secondary one. 
The mean number of species was 15 ±3.4 in the seed bank 
of the primary tree stand and 17.2 ± 3.5 in that of the 
secondary one. 

The diversity of the seed banks in each forest stand 
turned to be very similar, the Shannon Index amounted to 
2.21 for the primary tree stand and 2.25 for the secondary 
one. In both forest types the seed banks were dominated by 
herbs (Table I, Fig. 2). 

It was found that in both cases the species structure of the 
herb layer was similar to that of the seed bank in 68o/c for 
the primary and 67o/c for the secondary tree stand. In both 

types of the species that appeared exclusively in the seed 
bank or vegetation cover was very similar. 

The hypothesis that species absent from the herb layer or 
present there only sporadically are much more abundant in 
the seed bank from forest with secondary tree stand was 
confirmed (Fig. 3 ). This group includes: Juncus e.ffusus, 
Cllrex sylvlltica, Hypericum perforatum, Trifolium repens, 
Epilobium montanum, Ajugll reptans, Veronica serpyllifo!ia, 
Scrophu!llria nodosa. The seedlings of these species con
stituted more than one third of all seedlings that emerged in 
the samples from the secondary tree stand and only 5'7c in 
those from the primary one. 

Table. 1. Numbers of seedlings emerged from soil the seed bank (bank) originated from forest with primary and secondary tree stand. 
Frequency of species in current herb layer (herb I.). Number of sample 11 = 25 + 25 (P + S). Size of sample 31 cm x 31 cm x S cm. 

Perennials 
Urtica dioica 
Chrysosplenium a/rernifolium 
Juncus e.ffusus 
Geranium roberrianum 
Ora/is acetosel/a 
Rmzunculus lanuf?h1<Jsus 

Ranuncu!us repens 
Geum urbanum 
Anemone nemonJsa 
Stachys silratfr·a 
Glechonw hirsuta 
Stellaria nenwrum 
Rumex sanguineus 
Carex sylvahca 
Hypericum pe,foratum 
Uuniastrum galet,bdol<m 
Taraxacum <ifidnale 
Trffolium repens 
Circaea /utetiana 
Mentha arvensis 
Scrophularia nodosa 
Aegopodium podagraria 
Carda mine amara 
Cirsium arl'ense 
Epilt,bium montanum 
Myce/is muralis 
Ajuga reptans 
Asarum europaeum 
Lathyrus vernus 
Veronica serpyllffolia 
Viola reichenhachiana 

Annual and biennial plants 
lmpatie11s n<>li-ta11gere 
Cardamine.flextu,so 
l.apsana communis 
Moehringia trinerria 
Galeopsis tetra/zit 
Stellaria media 
Polygrmum hydropiper 
Gnap/w/ium u/iginosum 
Capsella bursa-pastoris 

Shrubs 
Ruhus idaeus 
Cornus sanguinea 

Trees 
Betula pendulu 
Carpinus hetulus 
Picea abies 
Ti/ia cordata 

Gramineae 

Unknown 

Primary tree stand 
r Mean no. /sample± SE Frequency 

2571 
1183 
340 
237 
173 
42 
34 
31 
23 
22 
16 
16 
14 
9 
8 
7 
6 
6 
5 
5 
4 
3 

2 

0 
0 
0 
0 
0 

1083 
660 
288 
262 

32 
20 

3 
I 
0 

21 

192 
14 
4 
2 

260 

2 

102.84 ± 
47.32 ± 
13.60 ± 
9.48 ± 
6.92 ± 
1.68 ± 
1.36 ± 
1.24 ± 
0.92 ± 
0.88 ± 
0.64 ± 
0.64 ± 
0.56 ± 
0.36 ± 
0.32 ± 
0.28 ± 
0.24 ± 
0.24 ± 
0.20 ± 
0.20 ± 
0.16 ± 
0.12 ± 
0.08 ± 
0.08 ± 
0.08 ± 
0.08 ± 
0.00 ± 
0.00 ± 
0.00 ± 
0.00 ± 
0.00 ± 

167.43 
44.70 
26.09 
11.84 
6.24 
3.86 
3.50 
3.05 
1.66 
2.88 
1.08 
0.86 
0.87 
0.57 
1.07 
0.84 
0.83 
0.52 
0.50 
1.00 
(U7 
0.44 
0.28 
0.28 
0.28 
0.40 
0.00 
0.00 
0.00 
0.00 
0.00 

52.19 
± 40.61 

43.32 ± 
26.4 

11.52 ± 
10.48 ± 

1.28 ± 
0.80 ± 
0.12 ± 
0.04 ± 
0.00 ± 

50.17 
20.86 

2.03 
2.27 
0.44 
0.20 
0.00 

0.84 ± 1.89 
0.12 ± 0.44 

7.68 5.0 I 
0.56 0.65 
0.16 0.37 
0.08 0.28 

10.40 ± 15.6 

0.08 ± 0.40 

hank herh I. 
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20 
16 
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16 
8 
8 
4 
8 
4 
0 
() 
0 
0 
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76 
76 
44 
76 
44 
24 
8 
4 
0 

32 
8 

96 
52 
16 
8 

60 

4 

76 
72 

0 
68 
92 
64 

8 
36 
80 
32 
76 
88 
16 
4 
0 

96 
0 
0 

16 
0 
4 

40 
12 
0 
0 
8 
0 
0 
4 
() 

8 

72 
48 
36 
64 
16 
8 
0 
0 
0 

16 
() 

4 
76 
12 
30 

r 

1445 
1549 
2824 

230 
Ill 

54 
II 
9 

16 
35 
14 
27 

208 
152 

6 
1-l--1 
62 

0 
99 

0 
4 

29 
I 

29 
I 

9 

779 
837 

29 
59 
28 
4 
6 
0 

101 
4 

197 
() 

0 

59 

Secondary tree stand 
Mean no. /sample± SE Frequency 

57.80 ± 74.65 
61.96 ± 79.26 

112.96 ± 117.51 
9.20 ± 10.16 
4.44 ± 4.26 
0.32 ± 0.80 
2.16 ± 7.73 
0.44 ± 1.64 
<U6 ± (J.75 
0.64 ± 1.32 
1.40 ± 2.42 
0 56 ± 1.64 
1.08 ± 3.58 
8.32 ± 11.80 
6.08 ± 11.06 
().()8 ± 0.28 

0.24 ± 0.66 
5.76 ± 6.6 
2.48 ± 8.75 
0 00 ± 0.00 
3.96 ± 14.36 
0.00 ± 0.00 
0.16 ± 0.62 
0.12 ± <U3 
1.16 ± 3.09 
().()-1 ± 0.20 
1.16 ± 1.68 
0.()-1 ± 0.20 
0 08 ± 0.28 
0.36 ± 0.96 
0.08 ± 0.28 

31.16 ± 26.32 
33.48 ± 38.77 

1.16 ± 3.94 
2.36 ± 3.33 
1.12 ± 3.19 
0.16 ± 0.-!7 
0.24 ± 0.66 
0.08 ± 0.28 
0.()4 ± 0.20 

4.04 ± 3.81 
0.16 ± 0.37 

8.<XJ ± 5.72 
0.00 ± 0.00 
0.0-l ± 0.20 
0.00 ± 0.00 

2.36 ± 2.68 

0.08 ± 0.28 
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Conclusion 

In natural and not disturbed patches of Carpinus forest 
the seed bank is relatively species-rich and dense. How
ever, if we compare the results given in this study with 
those for early successional communities, it seems obvi
ous that such communities are characterized by more abun
dant seed banks (Symonides 1986; Leck & Parker 1989; 
Falinska 1999). 

The results of the study show that in the patches with 
primary and secondary 90-yr-old tree stands seed banks do 
not differ in their density and species composition. There is 
only visible difference in the contribution of species absent 
from the herb layer. In the seed bank of the patch, where the 
trees were cut about 90 yr ago, there are many more species 
missing from the herb layer; those missing are character
ized by high light-demand. It seems highly probable that 
these species would appear abundantly in the gaps as soon 
as the trees were cut, whereafter they began to withdraw 
from the forest tloor as a result of the closing of the tree 
canopy and shading. In the ecological literature many data 
show that these are ubiquitous long-lived seeds that occur 
in the seed banks of entirely different plant communities 
(Thompson et al. 1997). 
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Abstract. The effects of fire on landscape changes were 
investigated in eastern Korea. Three types of fire in the order 
of decreasing intensity were recognized: crown fire, severe 
surface fire, and light surface fire, and their occurrences were 
depicted on a fire map. Fire types were different according to 
vegetation type: most pine forests were disturbed by crown 
fire, while oak and mixed forests were disturbed by light 
surface fire. As a result of an analysis using GIS, the area 
disturbed by crown fire was the largest, followed by light 
surface fire. The regeneration strategy in burned areas was to 
make sprouts from burned oak stumps. The species composi
tion of burned pine forest changed similarly to that of oak forest, 
but changes in the burned oak forest were small. A higher 
density and growth rate of oak sprouts, as compared to the 
unburned areas, facilitated vegetation succession from P 
densiflora forest to oak forest and consequently led to change of 
landscape pattern. 

Keywords: Landscape change; Fire type; GIS; Pinus densi
jlora; Regeneration strategy. 

Introduction 

Changes in landscape pattern are significantly correlated 
with the type of artificial or natural disturbances and the 
intensity, probability and frequency of that disturbance 
(Franklin & Forman 1987; Turner & Bratton 1987). Hu
man activity is one of the important causal factors of 
disturbance (Holzner et al. 1983; Zonneveld 1989; 
McDonnell & Pickett 1990). Fire has been considered as 
the most important natural and human-induced disturbance, 
inducing ecosystem and landscape heterogeneity because 
of its intensity and high frequency (Romme 1982; Pickett 
& White 1985; Turner & Bratton 1987; Turner et al. 1994; 
Trabaud & Galti 1996). 

Ignition sources of forest fires in Korea are generally 
artificial, such as misuse of fire for agricultural and forest 
management, burning of rubbish, and accidental fire from 
discarded cigarette butts (Forest Research Institute 1996). 
Propagation of forest fires is largely influenced by weather 
and forest conditions (Whelan 1995). The resistance of trees 
to fire varies among species. For example, broadleaved trees 
composing climax forests are not burnt easily. However, 
most post-fire invaders of secondary forest tend to burn 
easily (Nakagoshi 1984; Nakagoshi et al. 1987). 

The regeneration sources of plant species in burned stands 
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are sprouts from burned stumps, belowground organs, bur
ied seeds, and newly invading seedlings (Nakagoshi 1987). 
Regeneration strategies by those sources are influenced by 
fire intensity, burning season, and fire interval (Malanson 
1987). Therefore, it is necessary to understand the effect of 
fire as one of the disturbance factors causing changes in 
landscape pattern and landscape structure to establish the 
ecological framework for restoration of fire-disturbed veg
etation (Hong & Lee 1997). 

The purpose of this study is: ( 1) to map fire types through 
defining the landscape patch as identified by field survey 
according to fire intensity; (2) to evaluate the successional 
trends of vegetation after fire of different intensity; and (3) 
to predict changes in landscape pattern by analysing such 
results in relation to land-use pattern of the region. 

Study area 

The largest forest fire in modern history of Korea oc
curred in 1996 in Kosung-Gun, eastern Korea. Kosung
Gun is located on the east of the Taeback Mountains, which 
divides Kangwon Province into the Youngdong region and 
Youngseo regions. 

The total area of Kosung-Gun is 62 138 ha, the vegetated 
area is 46 920 ha (75 .5 % ), and the area burned by the 1996 
fire is ca. 5000 ha (8.0% ). Before the fire the vegetation in 
this area was mainly composed of Pinus densiflora forest 
and pine-oak mixed forest (ca. 65o/c of the total vegetation 
cover) (Table I). This pine forest, situated in a rural region, 
had been dominated by traditional landscape management 
practices, such as logging for timber and harvesting under
growth for fuel, compost, and feed for livestock, slash and 
burn agriculture. Additionally, edible mushrooms (Tricho
loma matsutake) are a remarkable economic asset and this 
product also contributed to the conservation of the pine 
forest. 

Methods 

This study focused on changes of landscape structure 
and pattern by disturbance of fire. Fire was classified into 
three types. When whole parts of tree including crown and 
stem as well as undergrowth on the forest floor were burnt, 
it was classified as crown fire. When all parts below the 
crown were burnt, it was classified as severe surface fire. 
When only the lowest part of the tree was burnt and the 
cambium under the bark was not burnt, so that most tree 
leaves remained alive, it was classified as light surface fire. 

Fire types were mapped on a topographic map at scale 
I :25 000. The smallest patch size on the map was 625 m2 

(25m x 25m). Smaller patches were ignored. LANDCADD 
(GIS supported by AutoCAD) was used for mapping veg
etation and fire types. We established permanent I OO-m2 

quadrats at each site with different fire types. Location of 
all woody plants within each permanent quadrat was plot
ted. Successional trends were interpreted by analysing 
changes of importance value and diameter (mature tree: 
diameter at breast height, seedling and sapling: diameter at 
the base. Location of all woody plants within each perma-
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Table 1. Size (ha) and percentage of landscape elements in the 
fire-disturbed area of Kosung, Korea. 

Landscape element Size (ha) Percentage 

Pine forest 3134 45.6 
Mixed forest 1304 19.0 
Oak forest 407 5.9 
Plantation 24 0.3 
Agricultural land 1543 22.5 
lnhabitated area 350 5.1 
Aquatic area !08 1.6 

nent quadrat was plotted. Successional tendency was inter
preted by analysing changes of importance value and diam
eter (mature tree: using importance values for species with 
frequency values higher than I 0%. We addressed the effect 
fire facilitating succession by comparing the growth rate of 
height and diameter of regenerating individuals. 

Results and Discussion 

Vegetation prior to.fire 
Before the fire, vegetation tended to be distributed in the 

following order, moving from the coast to the inland areas: 
pine forest, mixed forest of pine and oaks, and oak forests. 
Pine forest was mainly dominated by Pinus densi.flora. Pine
oak mixed forest and oak forest were dominated by P 
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Table 2. Size (ha) and ratio (%) of fire types according to the 
landscape elements in burnt forest, Kosung, Korea. 

Landscape element Light Severe Crown 
surface fire surface fire fire 

Pine forest 722 (14.8) 700 (14.4) 1712 (35.2) 
Mixed forest 626 (12.9) 263 (5.4) 415 (8.5) 
Oak forest 206 (4.2) 23 (0.5) 178 (3.7) 
Plantation 24 (0.5) 

dens1jlora and Quercus mongolica, respectively. Agricul
tural land and residential areas were restricted to lowland 
near the coast and at stream sides. Table I presents the real 
extent of the different landscape elements. 

P densi.flora forest, especially in rural regions, is a 
secondary forest, and it has been periodically managed for 
the production of Tricholoma matsutaka. In addition, peri
odical cutting and thinning to obtain wood, fuel, feed for 
livestock, and organic fertilizer, have also played an impor
tant role in maintaining this forest type (Nakagoshi 1987). 
With decreased human disturbance, pine forest commonly 
succeeds to oak forest (Lee 1989). Large patches of pine 
forest occur in the lowlands only near areas frequently 
disturbed by people. By contrast, oak forest (with Quercus 
mongolica) was found only in remote places. 
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Fig. 1. Changes in importance values of domi
nant woody species with the lapse of years after 
fires at sites different in fire density and vegeta
tion type. a, b and c are pine forests; d is mixed 
and e is oak forest; they were disturbed by severe 
and light surface fires, respectively. 
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Fire-disturbance types 
The fire map showed that crown fire was mainly distrib

uted in the eastern part of the study area, while light and 
severe surface fires of low intensity were found in the 
western part. 

Fire types were different according to vegetation type 
(Table 2) (Johnson 1995; Whelan 1995). This is because 
fuel conditions govern the spread and intensity of fire and 
vary by vegetation type. In fact, most pine forests were 
disturbed by crown fire, while the ratio of light surface fire 
was the highest in the oak and mixed forests. We deduced 
that such a difference might be related to characteristics of 
bark of pine and oak which have different contents of 
flammable resins. Moreover, considering the fact that pine 
has a higher tolerance to water deficit than oak (Lee 1997), 
the higher intensity of fire in pine forests could be caused 
by a difference in moisture conditions. Consequently, the 
spreading of fire was likely determined by the synergism of 
the pine-dominated vegetation type and habitat conditions 
(e.g. wind, soil moisture). 

The effect of fire on succession 
In the pine forest disturbed by light surface fire, the 

importance value of P densiflora somewhat decreased, 
while those of oaks tended to increase. In the pine forests 
disturbed by severe surface and crown fires, there was 
heavy mortality of P dens/flora and the importance value 
of oaks increased and became dominant (Fig. 1 ). In oak 
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forest disturbed by light surface fire, the importance value 
of oaks more or less decreased but they remained the 
dominant species. Mixed forest and pine forest showed a 
similar pattern (Fig. 2). These results suggest that pine 
forest will be replaced by oak forest and oak forest will be 
maintained continuously. 

The size distribution of the major tree populations helps 
us to describe succession (Barbour et al. 1987 J. Fig. 2 
shows the size distribution of major woody species in the 
unburned pine (a), oak (b), and mixed (c) forests, and the 
burned pine, mixed, and oak forests that varied in fire 
intensity and time since fire (d-i). In all the pine and mixed 
forests, the P dens/flora population is composed of two 
groups: mature trees and young trees. From the size distri
bution, we see that seedlings and saplings of pine had been 
recruited before fire. This active recruitment of pine seed
lings probably started after cutting of pine or undergrowth 
including oaks considering that P densiflora is a shade
intolerant species. 

Oaks in the unburned pine forest were composed of 
young trees less than 10 cm in diameter (Fig. 3). Their 
diameter was smaller than that of young pine trees but their 
density (7100/ha) was higher than that of young pine trees 
(2300/ha). These data show that pine tends to be replaced by 
oak during succession. By contrast, most oaks that occurred in 
both unburned and burned pine forests were sprouts that 
originated from cut stumps. From this we deduce that succes
sion had been retarded by excessive artificial interference. 
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Fig. 2. Size class distribution of dominant woody 
species in permanent quadrats installed in sites 
different in fire intensity and vegetation type. a, 
band c show the results in unburned forests and 
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the interval of diameter class and the number of 
trees surveyed. 



102 Lee, C.-S. et al. 

12 
B ob I 0. mongo/1ca 

s 7 
~ 10 
s 

S 6 _§ 8 
: 5 ~ 

6 ~ 4 
Q) 

" S 3 s 4 
"' "' 6 2 6 

1 

0 

9 
Q. serrata B 6 er ]s _§ 6 

: 4 ~ 5 
Q) Q) 

" 3 
., 4 

§ 2 § 3 

6 1 52 
1 

0 0 

140 250 
120 0. dentata I 0. monaolica 

200 S 100 e u 80 u 150 
.c 

60 
] 

bO 
-~ 100 ijj :~r~ :r: :r: 

50 

0 

180 250 
160 

Q~ 

I 0. variabilis 
~ 140 200 
S 120 e 
~ 100 

~ 
3150 

-" 80 .:c 
.!!! .!!!100 Q) 60 " :r: 

40 :r: 
50 

20 
0 

95 96 97 98 99 95 96 97 98 99 

Years Years 

j-.-control ~ssf & ct ---\sf I j-e--control _......ssf & cf -.-1st) 

Fig. 3. Growth states of height and annual rings 
of some oak species, predicted as successors of 
pine in both unburned and burned pine forests. 
Control = unburned forest; ssf = severe surface 
fire; cf= Crown fire; lsf = Light surface fire. 

300 

250 r 
200 --

] 150 l • 0 

~6 100 

50 

0 
0 100 

Axis I 

• pine(control) 
• pine(1styr) 
• oak (1st yr) 
• mixed(1styr) 

.Iii 
• 

D 

• 
D e • 
• •t. •• 
200 300 

o oak(control) 
c pine (3rd yr) 
b. oak (3rd yr) 
o mixed (3rd yr) 

Fig. 4. Stand ordination of pine, oak and mixed forests. Con
trol indicates unburned stands. 

Most pine trees were killed by the fire except those in 
areas of light surface fire. The tops of young oaks under the 
pine canopy were killed but subterranean parts remained 
alive. Many plants have special life forms and survival 
strategies under the disturbance regime (Trabaud J 987) . 
After the disturbance, many oaks sprouted from subterra
nean regenerative buds, forming young oak stands (Fig. 3). 
In the area of light surface fire, most pine trees were alive 
and pine forest continued to dominate. However, in these 
stands the density of oaks increased greatly (Fig. 3). Their 
density (77000/ha) was higher and their growth was faster 
as compared with those under unburned pine forest (Fig. 
3). From those results, we estimated that fire facilitated 
succession from pine forest to oak forests and consequently 
induced change of landscape pattern. 

Changes of species composition in burned forests were 
analysed with DCA ordination (Fig. 4). Unburned pine 
stands are found at the right side of axis I and unburned oak 
and burned pine stands were at the left and central parts, 
respectively. Among the burned pine stands, those dis
turbed by light surface fire were located close to the 
unburned pine stands, while those disturbed by crown and 
severe surface fires were located far from them. On the 
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other hand, burned oak and mixed stands were located 
close to the unburned oak stands. These results show that 
species composition of burned pine stands was changed 
and such a change was more remarkable under severe fire. 
In addition, species composition of oak stand disturbed by 
light surface fire was hardly changed and that of mixed 
forest disturbed by severe surface fire was changed simi
larly to that of oak stands. But changes of species composi
tion with the lapse of years after fire were not striking. 

Fire as a cause rJf landscape chanies 
Wood production from pine forest is the main goal of 

forestry in this region. A special use of the forests is the 
collection of the edible mushroom Tricholoma matsutake. 
However, most pine forest were burnt and mycelia of this 
mushroom were injured by the fire. Consequently, the 
mushroom can no longer be collected in this area. In this 
way, fire might be an important causal factor inducing 
drastic changes in the landscape system (Turner & Bratton 
1987; Trabaud & Gal ti l 996 ). Many people who depended 
on the collection of mushrooms lost their valuable mer
chandise when the pine forest was destroyed. 
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Abstract. We recorded the presence of vascular plant species 
on microsites generated by the nearly complete windthrow of 
a Pinu.1· strobus forest. We classified microsites as unaltered 
forest floor, old soil uplifted with the root mass, soil on the 
mound which was newly exposed, and the pit. Ruderal species 
(e.g. Chenopodium album, Verhascwn thapsus, Cony;:a 
rnnadensis) were most frequent in the new soil microsites, but 
only once had > I Oo/r frequency in the unaltered forest floor 
quad rats. Species composition of old soil microsites was inter
mediate between that of forest tloor and new soil microsites. 
Dryopteris carthusiana and animal burrows were more fre
quent in the pits than in other microsites. Canonical Corre
spondence Analysis indicated that the species composition of 
the four microsites differed in the first years after the distur
bance. 14 yr later, the communities on the microsites have 
converged to a similar species composition, which is distinct 
from the pre-disturbance forest floor community, and similar 
to the current forest floor community. 

Keywords: Convergence; Disturbance; Habitat heterogene
ity; Microsite; Topography. 

Nomenclature: Kartesz ( 1994 ). 

Introduction 

Catastrophic windthrow of forest trees may create tipup 
mounds and pits, thus disturbing the ground layer and 
creating microsite heterogeneity (Foster 1988; Schaetzl et 
al. 1989b; Peterson et al. 1990). Vascular plant species 
have differential success on the different types of microsites 
(Ellison et al. 1993; Henry & Swan 1974; Putz 1983; Webb 
1988; Peterson & Pickett 1990), due to differing physical 
and chemical processes/ properties operating therein (Beatty 
1984; Schaetzl et al. 1989a; Peterson et al. 1990; Carlton & 
Bazzaz 1998a; Denslow et al. 1998). Differences in species 
composition among the microsites may remain over time 
as succession occurs on the site as a whole, or the microsites 

may converge in species composition due to increasing 
similarity in environmental conditions. There are few long
term studies on tipups beginning immediately after cata
strophic windthrow, and processes occurring on recent 
tipups may be different from those on long-established 
tipups (Beatty 1984; Peterson & Campbell 1993). 

We followed vascular plant species on pits and mounds 
and intact forest floor quadrats from two weeks until 14 yr 
after the storm event. We studied whether species responded 
to the type of microsite created by the uprooted trees and 
whether the species composition changed through time. 

Methods 

The study site, the Cedar Creek Natural History Area 
(CCNHA), is a U.S. National Science Foundation Long 
Term Ecological Research site in Anoka and Isanti Coun
ties, Minnesota. On July 3, 1983, straight line winds asso
ciated with a large thunderstorm blew down portions of 
several forests in CCNHA. Before the storm, the forest was 
dominated by Pinus strobus and Betula papyrifera, with a 
total density of 1104 stems/ha, and a basal area of 42m2/ha. 
The forest floor was essentially flat and no old tipups were 
visible (pers. obs.). It is likely that the trees colonized an 
old field. The storm reduced the forest to a density of 446 
stems/ha, and a basal area of 12 m2/ha. 14 yr later, the site 
had a few, large Pinus remaining, and the young canopy is 
dominated by Fraxinus nigra, Quercus rubra and Prunus 
serotina (Arevalo et al. this volume) 

We established 120 randomly located quadrats ( I m x 
Im) on the 'forest' floor within two weeks after the storm 
of July 1983. These were permanently marked in the two 
diagonal corners with iron reinforcement bars. As we could 
not guarantee the exact dates of revisits, we chose to record 
only the presence of vascular plant species. The quadrats 
were surveyed in July 1983, which is assumed to reflect 
pre-disturbance vegetation, and resampled in July of 1984, 
1985, 1990, 1993 and 1997. The presence of vascular plant 
species rooted in the new and old soil of the 56 ti pups was 
recorded beginning in 1984; the pit vegetation was sam
pled beginning in 1985. New soil encompassed all the 
disturbed soil above the level of the forest floor, and is 
equivalent to the 'mound + plate + under' of Carlton & 
Bazzaz (1998b ), or the 'mound' of Peterson et al. ( 1990). 
Old soil was that portion of the forest floor which had been 
uplifted, often to near vertical, but retained its soil structure 
intact, at least at first, thus is equivalent to the 'TOP' of 
Carlton & Bazzaz ( 1998b ). In the present study, pit included 
all exposed soil below the level of the forest floor, thus 
equivalent to the 'pit+ wall' of Peterson et al. ( 1990). 

The species data were ordinated with Canonical Corre
spondence Analysis (CCA; ter Braak 1987) using Canoco 
4 for Windows (ter Braak & Smilauer 1998). Explanatory 
variables were all dummy ( 1/0) variables representing the 
type of microsite (pit, new soil, old soil, forest tloor 
quadrats), separated by year. These dummy variables are 
represented by their centroids, along with species scores, 
on ordination biplots. 

/ 
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Results 

Canonical Correspondence Analysis indicated that in the 
early years of this study (top of Fig. I), the microsites 
differed in species composition. Old soil plots were similar 
to the forest floor quadrats, and pits were more similar to 
old soil than new soil plots. The close positioning of all of 
the centroids from 1997 in the bottom of Fig. I indicates 
that the species composition of the microsites has con
verged through time. Species scores illustrate taxa typical 
of new soil in the upper right of Fig. 2, those most frequent 
in forest floor quadrats on the upper left, and those that 
increased in all microsites on the lower left. 

Prior to the windthrow, Amphicarpaea bracteata, Carex 
pensylvanica, Maianthemum canadense, Parthenocissus 
quinquefolia, and Rubus idaeus all had> 35% frequency in 
the forest floor quadrats (Table I). In the first two years 
after the storm, these species remained at about the same 
frequency, except Maianthemum, which doubled. CCA 
species scores for these species are located in the upper 
middle left portion of Fig. 2. Many of the less frequent 
species increased their frequency. In this period the new 
soil quadrats were dominated by ruderal species; vines 
(Vitis riparia, and Parthenocissus) and the clonal Rubus 
ideaus were also frequent. 

Carex pensylvanica, Chenopodium album, Conyza 
canadensis, Verbascum thapsus and Polygonum cilinode 
all more than doubled their frequency in old soil plots by 
1985. Two years after the storm, Parthenocissus and Rubus 
were present in more than half of the plots and C. canadensis 
was present in one third. 

In 1990 and 1993 several species- Urtica dioica, Hackelia 
deflexa - increased strongly in frequency in all microsites, 
only to decline again by 1997. Pinus strobus seedlings also 
followed this pattern. CCA species scores of these taxa are 
in the lower middle of Fig. 2. 

By 1997, two additional species - Dryopteris carthusiana 
and Polygonum cilinode - had joined the five common 
forest floor species in all four microsites (Table I). They 
also had > 35% frequency. 

0.6 

830 84· 

sYo 
85N <}------34 

0.4 
L.850 

858 85P 
~ 0.2 

! I 1 I 7--___g(~)G_Q _jv'1:-:---- I U O 900 \J 90N u ' 
i> 

-0.21 
97~30 I //.90P 

t'
/.~ I> .. ,' Q=quadrats 

97p,y!l3 0 = old soil 
N=newsoll 

-- P=pit 
-04 

-0 5 0.5 1 5 

CCAAxis 1 

Fig. 1. CCA-diagram: centroids of microsite type, by year. 
The first two digits of the centroid label represent the year of 
study, and the letter represents the microsite type. Arrows 
connect subsequent sampling episodes. 

Discussion 

In the first two years after the storm the four microsite 
types had clear differences in species composition. As 
found by Carlton & Bazzaz (1998a), the initial type and 
amount of soil disturbance which occurred in the storm 
strongly influenced recruitment patterns. The bare mineral 
soil in the new soil plots was initially colonized by ruderal 
species (these may have been either from activation of the 
seed bank (Putz 1983) or from wind dispersal into the site 
(Nakashizuka 1989; Peterson et al. 1990)). Species compo
sition in the old soil plots initially was similar to undis
turbed forest floor quadrats. Species composition in pits 
was (unlike Carlton & Bazzaz 1998a), more similar to that 
of old soil than new. This is perhaps due to the sandy well
drained soil (preventing localized flooding as was found by 
Putz 1983; Cornett et al. 1997), to the dense shade hinder
ing establishment of ruderals, and to vegetative ingrowth 
of forest floor plants. 

The plant communities in these four microsites were 

Table 1. Frequency (in percent) of species with at least 200 occurrences, by year and microsite type, in order of declining frequency. 

Forest Floor Quadrats New Soil on Mounds Old Soil on Mounds Pits 

Species 1983 1984 1985 1990 1993 1997 1984 1985 1990 1993 1997 1984 1985 1990 1993 1997 1985 1990 1993 1997 

Rubus idaeus 92.5 91.7 93.3 89.2 91.7 92.5 46.0 84.3 92.6 90.7 89.1 84.9 96.3 91.1 92.9 94.6 60.0 92.3 85.2 90.6 
Parthenocissus quinquefo/ia 89.2 85.8 91.7 91.7 93.3 91.7 60.0 54.9 48.1 72.2 85.5 67.9 87.0 64.3 76.8 87.5 55.6 51.9 61.I 79.2 
Amphicarpaea hracteata 60.8 51.7 64.2 74.2 71.7 70.8 14.0 5.9 9.3 48.1 60.0 32.1 35.2 30.4 41.1 48.2 17.8 30.8 59.3 58.5 
Carex pensyfranica 37.5 38.3 39.2 54.2 55.8 43.3 10.0 21.6 44.4 55.6 49.1 13.2 35.2 50.0 66.I 58.9 15.6 40.4 40.7 28.3 
Maianthemum canadense 32.5 42.5 59.2 55.8 60.0 66.7 0.0 2.0 16.7 29.6 38.2 20.8 38.9 25.0 33.9 41.1 6.7 23.I 37.0 41.5 
Po/ygonum cilinode 0.8 8.3 8.3 52.5 68.3 68.3 10.0 7.8 44.4 63.0 72.7 1.9 14.8 57.1 66.1 76.8 13.3 40.4 55.6 67.9 
Pinus strobus 26.7 13.3 18.3 67.5 62.5 29.2 12.0 9.8 77.8 70.4 40.0 5.7 II.I 50.0 53.6 28.6 2.2 61.5 42.6 22.6 
Urtica dioica 15.0 21.7 19.2 22.5 40.0 31.7 8.0 5.9 33.3 48.1 45.5 13.2 20.4 19.6 60.7 46.4 22.2 23.1 37.0 28.3 
Cony:.a canadensis 0.0 9.2 3.3 12.5 5.8 3.3 80.0 64.7 68.5 64.8 36.4 1.9 42.6 66.1 73.2 25.0 33.3 51.9 16.7 3.8 
Arisaema triphyllum 3.3 25.0 28.3 41.7 47.5 45.8 0.0 0.0 5.6 18.5 27.3 7.5 9.3 10.7 12.5 25.0 II.I 21.2 35.2 45.3 
Dryopteris carthusiana 0.0 12.5 12.5 14.2 25.0 34.2 0.0 0.0 9.3 55.6 65.5 0.0 1.9 10.7 50.0 66.1 15.6 30.8 48.1 54.7 
Aquilegia canadensis 20.8 22.5 25.0 26.7 29.2 24.2 2.0 7.8 16.7 24.1 20.0 17.0 18.5 28.6 30.4 23.2 20.0 34.6 29.6 18.9 
Vitis riparia 14.2 15.0 15.0 21.7 40.8 20.8 20.0 9.8 27.8 37.0 12.7 15.1 16.7 25.0 42.9 16.1 0.0 32.7 42.6 15.1 
Toxicodendron radicans 13.3 22.5 22.5 27.5 30.8 31.7 0.0 0.0 9.3 14.8 18.2 11.3 II.I 14.3 23.2 25.0 6.7 19.2 24.1 26.4 
Galium tr(florum 21.7 40.8 33.3 14.2 35.0 29.2 6.0 5.9 1.9 14.8 16.4 3.8 7.4 0.0 17.9 10.7 15.6 5.8 20.4 18.9 
Aralia nudicauhs 13.3 25.8 25.8 22.5 23.3 23.3 2.0 3.9 16.7 18.5 23.6 13.2 13.0 17.9 19.6 23.2 6.7 9.6 7.4 24.5 
Hacke/ia def/exa 0.0 18.3 13.3 35.0 40.0 15.8 IO.O 7.8 22.2 33.3 9.1 7.5 5.6 19.6 32.1 3.6 8.9 15.4 20.4 15.1 
Quercus ellipsoidalis 17.5 20.0 15.8 25.0 29.2 29.2 0.0 0.0 1.9 7.4 12.7 0.0 1.9 1.8 12.5 26.8 2.2 58 7.4 24.5 
Anemtme quinqueft>lia 1.7 2.5 34.2 37.5 28.3 26.7 0.0 0.0 0.0 9.3 3.6 1.9 1.9 8.9 17.9 12.5 6.7 17.3 9.3 20.8 
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Fig. 2. CCA-diagram: species scores for the 40 most frequent species from the same ordination as in Fig. I. Note difference in scale 
of the axes. 

quite dynamic over the study period, particularly in the first 
7-10 years. Rapid changes on ti pups in the first few years 
were also found by Peterson et al. ( 1990), Putz ( 1983) and 
Nunez-Farfan & Dirzo ( 1988). Such dynamics are likely 
due to continue, albeit at a slower pace, as a result of 
erosion of the mounds, soil sloughing into pits, burrowing 
of animals, as well as successional changes (Jonsson & 
Esseen 1990; Peterson et al. 1990; Denslow et al. 1998). 

After 1990 the microsite types began to converge, al
though they were distinct for several more years. By 1997 
the initial differences in species composition among the 
microsites were nearly gone. Such convergence is perhaps 
explained by processes such as soil formation in the dis
turbed microsites (Carlton & Bazzaz 1998a; Denslow et al. 
1998). This is somewhat contrary to most studies of older 
tipups in which differences in species composition remain 
for decades (Beatty 1984; Peterson & Campbell 1993). The 
extremely sandy nature of the soil in the present study may 
preclude large differences in soil moisture between pit and 
mound. Peterson & Pickett ( 1990) proposed that such 
moisture differences are primary determinants of species 
composition in tipup mound microsites. 

Peterson & Pickett ( 1995) observed convergence of spe
cies assemblages in forest and blowdown areas within 7 - 8 
yr after a tornado. Unfortunately, there arc no intact pine 
forests in the vicinity, so we arc not able to make a comparison. 
However, as evidenced by the CCA (Fig. I), species composi
tion is not (yet) returning to pre-disturbance conditions. 

The intact forest floor seemed to be quite resistant to 
invasion by the ruderal species, (only once did any of the 
weedy species have> 10% frequency). Many of the existing 

forest floor species in these plots appeared to respond 
favorably to the new regime, particularly Maianthemum 
canadense, Anemone quinquefolia and Arisaema triphyllum. 
Thus they are tolerant of higher light, perhaps somewhat 
limited by light in the intact forest, and seemed to spread 
readily, after several years, to the other microsites. 
The initial differences among the four microsite types 

have converged such that the current ground layer, while 
mounded and pitted, is remarkably similar in species com
position. However, the forest floor has not returned to what 
it was, nor is it likely to, since the post-disturbance canopy 
will be likely dominated by hardwood species rather than 
pines (Arevalo et al. this volume). Accelerated canopy 
succession after a windstorm was found also by Dyer & 
Baird ( 1997) in other Minnesota forests. In the present 
study, the main differences from the predisturbance 
understory vegetation are a high frequency of Polygonum 
cilinode and Dryopteris carthusiana. We will continue to 
follow this forest to determine whether species composi
tion on the different microsites will continue to converge 
through time, or diverge again. 
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Abstract. We used a population-ontogenetic approach to study 
the structure and dynamics of forest vegetation. Our approach 
uses the following concepts: flow of generations, population 
mosaic, population element and population locus. Spatial
temporal parameters of population elements and population 
loci of the dominant tree species of the East-European temper
ate forests were investigated. The overstorey structure and 
dynamics of these old-growth forests were described through 
population mosaics of tree species. It was shown that gaps and 
tree falls were formed during forest development and that 
these produced high levels of biological diversity. 

Keywords: Gap mosaic; Generation flow; Old-growth tem
perate forest; Population mosaic; Sustainable population; Tree 
ontogeny. 

Introduction 

Many ecologists have shown that the distinctive feature 
of old-growth forests is the gap mosaic, a mosaic of patches 
of different ages (e.g. Yamamoto 1981 ;Hibbs 1982; Shugart 
1984 ). The main cause of gap formation is the fall of large 
trees due to age and disturbance. In this paper, the spatial
temporal parameters of gap mosaics are defined by the 
flow of generations of tree populations. This flow is real
ized in space at any given time as the population mosaic. A 
gap mosaic in a mono-dominant forest is a population 
mosaic of the dominant tree species. A gap mosaic in a 
multi-species forest is formed by superposition of popula
tion mosaics of different tree species. 

We investigated population mosaics of trees in protected 
and managed forests in ca. 30 regions in the southern and 
central parts of the Russian Federation and in Ukraina. Results 
of these studies have also been reported on by Smimova 
( 1994 ), Popadiouk et al. ( 1995); Smimova et al. ( 1995). 

Methods 

Biological age is defined as a stage of development in 
ontogeny. We distinguish juvenile U), immature (im), vir
ginal (v), reproductive or generative (g), and senile (s) 
ontogenetic stages. The reproductive stage is subdivided as 
follows: young (g I), middle (g2), and old (g3) individuals. 
Tree individuals at different ontogenetic stages need 

different volumes of resources for survival and develop
ment. Individuals at different stages also have a strong 
difference in shoot structure (morphology) as well as in 
their place and role in the community. For a detailed 
description of the features of each ontogenetic stage, see 
Gatzuk et al. ( 1980) and Smirnova et al. ( 1999). 

A population locus is defined as a collection of plant 
individuals with the same biological age (Serebryakova & 
Sokolova 1977; Zaugolnova et al. 1988). We distinguish 
between (I) young loci consisting mainly of immature 
and/or virginal individuals; (2) mature loci consisting 
mainly of reproductive young and/or middle-aged indi
viduals; and (3) old loci consisted mainly of reproductive 
old and/or senile individuals. We characterized popula
tion loci by the duration of the ontogenetic stages, and by 
the minimal area at which light requirements of individu
als at these ontogenetic stages are met (Evstigneev 1988; 
Smirnova et al. 1990). 

We also define a unit within the plant population mosaic 
for investigation: the elementary demographic unit 
(Smirnova et al. 1988; Zaugolnova et al. 1992). A popula
tion element is considered as a minimal set of individuals at 
different ontogenetic stages, which is sufficient for sustain
able turnover of generations. The population element must 
include population loci in all age groups. We characterized a 
population element by species longevity and by the minimal 
area required for sustainable turnover of generations. The 
concepts described above are based on the population 
ontogenetic approach which has been developed in the 
Russian school of plant population demography under T.A. 
Rabotnov and A.A. Uranov. 

To analyse the overstorey patterns and dynamics we 
studied parameters of population elements and of popula
tion loci of tree species in mono-dominant forest stands. 
Parameters of population elements and population loci 
were investigated in the above-mentioned forests; at each 
location one to three sample plots with an area of 2 - 12 ha 
were established. 

The duration of the ontogenetic stages of tree species 
was calculated as the difference between absolute (calen
dar) ages of trees at the end and the beginning of the stages. 
Specimens of trees at each sample plot were taken for 
measurement of absolute age: I 00 specimens of immature 
individuals, 25 specimens of virginal individuals, and I 0 
specimens of reproductive individuals. Absolute age was 
measured by year rings or by branch orders. Ontogenetic 
stages of individuals were defined by biomorphological 
characters (Smirnova et al. 1999) developed according to 
Serebryakov's approach (Serebryakov 1962; Serebryakova 
1972). Duration of full ontogeny of species (species lon
gevity) was calculated as the sum of duration of all ontoge
netic stages of the species. 

Areas of population loci of different ages of dominant 
tree species were determined by field measurements. Areas 
of population loci were measured either in mono-dominant 
uneven-aged forests or in poly-dominant forests, but loci 
formed by one species at a particular age or stage class 
were chosen for measurement. Boundaries of groups of 
individuals at the same or close biological ages were mapped 
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at scale I: I 00. Areas of the polygons were calculated. No 
less than IO population loci of different ages for each 
species were measured. 

Minimal areas of sustainable turnover of generations 
(areas of population elements) for dominant tree species 
were determined by both calculations and field measure
ments on tree populations in mono-dominant uneven-aged 
forests, notably in Fagus forests in the Carpathian Moun
tains and Picea forests in the Middle Ural. First, we deter
mined the area of the population element from a plot in 
which a few mature individuals of the species occurred. The 
area of the plot is increased gradually until individuals of all 
ontogenetic stages are included. It is essential that the number 
of individuals at different onto genetic stages be sufficient for 
sustainable turnover of species generations. That is, a ratio of 
individuals at different age stages must correspond to the 
ratio of these in the optimal ontogenetic spectrum of the 
species. 

An ontogenetic spectrum is a graphic image of the distri
bution of individuals in different ontogenetic stages. The 
idea of an optimal ontogenetic spectrum was proposed by 
L.B. Zaugolnova (in Serebryakova 1976). The optimal 
ontogenetic spectrum depends on biological properties of 
the species such as life form, duration of ontogenetic 
stages, reproduction and settlement properties (Shorina & 
Smirnova 1985; Vorontzova & Zaugolnova 1985; Zhukova 
& Ermakova 1985). It was shown that the optimal ontoge
netic spectrum of trees has a steep decline in density with 
age (Smimova 1994 ). This corresponds with data from tree 
growth tables developed in forestry. Tree populations in 
man-disturbed forests usually do not have population loci 
of all age groups. Increasing the plot area in such cases 
does not lead to the determination of the population ele
ment and an approximate area for the population element 
must be compared with the square of the mean dispersal 
radius of the species' diaspores. 

A calculation method was used for determining the areas 
of species population elements for trees which do not form 
mono-dominant uneven-aged forests in the study region. 
The minimal area should be sufficient for sustainable 
turnover of tree species generations and must be equal to 
the area sufficient for the simultaneous existence of popu
lation loci of all ages. Areas released by the death of old 
trees must be large enough for the development of young 
individuals if the populations are to persist. The period of 
formation of a new locus equals the sum of juvenile and 

immature stage duration (tj + tim). This period corresponds 
to the frequency of the appearance of new generations; 
therefore this frequency is necessary for the sustainable 
turnover of generations. Consequently, Tl(ti + tim) (where T 
is a full ontogeny duration) is the duration of time for the 
formation of a young locus for sustainability. Suppose that 
each young locus goes through a full ontogeny and dies and 
that a new young locus appears in its place. The duration of 
age stages varies. We introduce a recounting coefficient, 
which normalizes the absolute time of stage duration ac
cording to the period of formation of a new young locus: 

Ti I (ti + tim) (I) 

where Ti is a duration of stage i. 
The area of the population element (SP) is the sum of 

areas of loci of all age groups multiplied by the duration of 
each age stage expressed through the recounting coefficient: 

Sp= L(S/ Ti I (tj + tim)) (2) 

Another formula was used for the calculation of tree popu
lation element areas. This area was calculated as a multiple 
of the area of the largest locus, formed by reproductive 
individuals (Sg), and the frequency of a new generation 
appearance TI (tim + ti) 

SP= Sg * TI (tim + ti) (3) 

Results and Discussion 

The main difference in species longevity is the result of 
differences in the duration of reproductive periods of the 
species ontogeny (Table I). One group of tree species with 
maximal species longevity and maximal duration of repro
ductive stage stands out. This group includes Quercus 
robur, Fag us sylvatica, Fraxinus excelsior and Pie ea abies. 
Maximal longevity of each generation provides these species 
with the possibility of holding the occupied area for a long 
time. The long duration of the reproductive period often 
permits the species to occupy new sites, thereby promoting 
the maintenance of populations in the community. 

Other species have a shorter duration of full ontogeny 
and of reproductive stages. These species exist in old-growth 
forests owing to their various biological properties. First, 
some of these species are highly shade-tolerant and have a 
great capability for seed and/or vegetative propagation. 
These biological peculiarities allow some species with 

Table 1. Mean values of temporal onto genetic parameters of the main dominant tree species of the East-European temperate forests; 
a= age (yr); d = duration of ontogenetic stage (yr). 

Que re us Fagus Fraxinus Tilia Acer Acer Ulm us Carpinus Pie ea Betula Pin us 
robur sylvatica excelsior cordata platanoides campestre glabra betulus abies pendula sylvestris 

Ontogenctic stage a d a d a d a d a d a d a d a d a d a d a d 
Juvenile 3 3 3 3 3 3 5 5 3 3 3 3 3 3 3 3 3 3 2 2 2 2 
Immature 10 7 10 7 8 5 15 10 7 4 15 12 7 5 10 7 15 12 5 3 7 
Virginal 30 20 30 20 25 17 30 15 20 13 20 5 25 18 20 10 30 15 15 10 20 13 
Young reproductive 60 30 50 20 40 15 60 30 40 20 50 30 50 25 40 20 60 30 25 10 40 20 
Mature reproductive 160 100 140 90 120 80 100 40 90 50 80 30 90 40 60 20 120 60 50 25 100 60 
Old reproductive 300 140 250 11() 200 80 160 60 160 70 140 60 150 60 100 40 220 100 90 40 200 100 
Senile 350 50 280 30 250 50 220 60 200 40 160 20 180 30 130 30 250 30 100 IO 240 40 
Species longevity 380 30 300 20 280 30 250 30 220 20 180 20 200 20 160 30 280 30 120 20 260 20 
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Table 2. Age interval of trees in different ontogenetic stages. 

Que re us Fagus Fraxinus Tilia Acer Acer Ulm us Carpi nus Pie ea Betula Pin us 
robur sylvatica excelsior cordata platanoides campestre glabra betulus abies pendula sylvestris 

Ontogenetic stage 
Juvenile I - 10 1-15 2 - 15 2-7 1-20 
Immature 3 - 20 3-65 3-25 2-40 2-25 
Virginal 10-50 11-120 10-40 12-60 9 - 40 
Young reproductive 25-110 40-150 20-60 30-80 25-60 
Mature reproductive 55-160 90-200 50-130 50-100 50-110 
Old reproductive 150-350 150-300 100-300 80-250 90-200 
Senile 180-400 180-350 170-350 110-300 130-240 

short ontogeny to succeed several generations during one 
generation of the longer-lived species. Among the other 
species, Betula is a pioneer, but it persists in old-growth 
forest through quick turnover of generations and very large 
seed productivity (2- 3 x higher than other species). Pinus 
is even more light-demanding and also requires mineral 
soil for seedling establishment, but it can persist in 
multispecies mixed forests because of longevity and the 
long duration of its reproductive period. 

There is a considerable variation in the interval of abso
lute ages of tree individuals in different ontogenetic stages 
(Table 2). Individuals in the same ontogenetic stage can 
have different absolute ages. This difference is defined by 
the vitality of individuals: individuals of low vitality are 
delayed in their development and have a higher absolute 
age than individuals of normal vitality in the same ontoge
netic stage. There are individuals of different vitality in 
natural populations, so there is an interval of absolute ages 
of individuals at each ontogenetic stage. A large interval 
indicates a larger number of environmental conditions 
under which the species can exist. These intervals are 
estimations of species tolerance: they are smaller for more 
light-demanding species (Quercus, Betula, Pinus), and wider 
for shade-tolerant species (Fagus). 

Thus different tree species have different longevities and 
different durations of ontogenetic stages. The duration of 
ontogenetic stages of one species also varies depending on 
environmental conditions. For these reasons we believe 
that only the biological age of trees provides the means to 
compare the demographic structure of populations of dif
ferent species and for the analysis of the state of populations 
and their role in vegetation community. 

Spatial parameters of population elements and popula
tion loci are presented in Tables 3 and 4. The areas of 
population loci of all species increase with an increase in the 

1-15 1-15 1-15 2-10 1-10 2-10 
3-35 2-40 2-25 4-30 2-20 2-20 
10-40 11-50 10-55 8 - 80 6-45 6-35 
30-70 25-70 30-70 20-90 15-70 15-65 
45-120 40-110 50-100 40-160 50-90 40-120 
70-160 80-160 80-160 80-280 80-140 80-260 
90-200 100-220 110-200 90-300 110-150 90-280 

biological age of individuals forming the locus. We explain 
this with reference to the light demands of tree species, 
which are different for individuals at different biological 
ages (Ellenberg 1974; Evstigneev 1988). Light demands of 
tree species are highest in the reproductive ontogenetic 
stage (Evstigneev 1988). Young individuals cannot grow 
successfully under a canopy formed by parent individuals 
because of low light levels. Development of a new tree 
generation occurs in gaps and depends on gap size. Sus
tainable development is possible when the gap size is large 
enough so that light requirements of young trees are met. 

We have found that the transition of individuals to the 
reproductive stage is impossible for any tree species in 
small gaps ( < 300 m2). Transition of individuals to the 
reproductive stage as well as the full ontogeny of shade
tolerant trees (Fag us, Tilia ,Acer platanoides,A. campestre, 
Ulmus, Carpinus, Picea) are possible in gaps of middle 
size (400 - 600 m2). Light-demanding species (Quercus, 
Fraxinus) require large gaps ( I 000- 1500 m2) for their full 
development. 

The population structure of a shade-tolerant tree in a 
mono-dominant uneven-aged forest (Picea abies) is shown 
in Table 4. We can see that the number of immature indi
viduals increases rapidly with plot area. This is because of 
their high shade-tolerance and ability to grow in small 
gaps. The number of virginal and young reproductive indi
viduals increases more slowly with plot area because of 
their great light demands and their requirement for large 
gaps for development. 

Calculated areas of population elements of tree species -
minimal areas sufficient for sustainable turnover of species 
generations for the dominant trees are presented in Table 
3. Note that the values calculated by the first and the 
second formulas are similar, and are close to the results 
obtained with field measurements (sec Table 4 ). The areas 

Table 3. Areas of population loci and population elements of the main dominant tree species. 

Quercus Fagus Fraxinus Tilia Acer Acer Ulm us Carpinus Picea 
robur sylvatica excelsior cordata platanoides campestre glabra betulus abies 

Ontogenetic stage Areas of population loci 

Immature 300 50 100 100 50 50 100 50 100 
Virginal 600 200 300 300 300 100 300 100 200 
Reproductive 1500 400 1000 600 500 300 600 400 600 

Area of population element 
Formula I 4.95 1.045 2.8863 0.8 1.3464 0.2883 1.4157 0.455 0.91 
Formula 2 5.7 1.2 3.5 I 1.5714 0.36 1.7143 0.64 1.12 



- Population mosaic cycles in forest ecosystems - 111 

Table 4. Results of field measurements of the area of population elements of Pie ea obomta in the reserve Sabarskii (Middle Ural). 

Area of plot (m xm) 
iml im2 vi v2 gl 

10 x!O 98 45 
20 x20 123 69 8 
30 x30 221 145 8 5 12 
40 x40 234 187 32 37 12 
50 x50 258 213 36 68 29 
60 x60 311 219 79 89 34 
70 x70 367 301 87 90 35 
80 x80 378 331 95 90 40 
90x90 560 345 112 98 40 

!OOx!OO 612 356 142 102 45 
I !Ox! 10 676 397 154 !02 89 

of population elements were calculated for mono-domi
nant forests without regard to areas occupied by herbs 
and shrubs. where. as a rule, regrowth of trees is impos
sible (Smirnova 1994; Smirnova et al. 1995). We have 
calculated that the minimal areas, at which sustainable 
turnover of tree species generations is possible, range 
from 0.29 (0.36) to 4.95 (5.70) ha. In reality the minimal 
areas are larger because of the areas occupied by herbs 
and shrubs. Moreover, the areas in multi species commu
nities are IO x larger by our estimations (Smirnova 
1994; Smirnova et al. 1995 ). For example, in the Table 3 
we show population elements of all broad-leaved trees 
at an area of 12 ha in the unique multispecies uneven
aged broad-leaved forests in the reserve Kaluzhskie 
zaseki (Kaluga region) by the method of plot area in
crease. However, it was clear that 12 ha is not suffi
ciently large for Quercus robur. Without a discussion of 
the ·oak-problem' here (Vera 1997; Smirnova 1998; Olff 
et al. 1999), we note that, in theory, it is possible to 
measure areas of population elements of tree species as 
well as the minimal area for sustainable existence of 
multi species uneven-aged temperate forest, but it is very 
difficult to find such large areas in the eastern Europe. 

A detailed analysis of the development of population 
loci of different species in gaps of different size in 
different forests (e.g. Chistyakova 1991; Popadiouk et 
al. 1995; Leonova 1999) have allowed us to deduce some 
general features of forest canopy dynamics. 

A small gap in a forest canopy is formed as a result of the 
fall of one to two large trees. Light availability is increased, 
and some immature trees begin to grow in the gap. The gap 
is enlarged gradually as a consequence of the falling of 
surrounding old trees and the number of growing individu
als is increased. Enlargement of the gap area leads to 
differences in light conditions within it. This leads to an 
unequal development of young individuals in the gap. 
which reinforces the difference in ecological conditions 
within the gap. It was shown for broadleaved forests in 
Central Russia that heterogeneity in light conditions occurs 
within gaps of more than 1000 m2 but that this does not 
occur within gaps of smaller size (Smirnova 1994; Leonova 
1999). 

Diversity of ecological conditions in large gaps pro
motes simultaneous development of population loci of 

g2 

2 
4 
5 

13 
15 
18 
27 
34 
39 
47 
51 

g3 s Sum 

I 146 
2 206 
4 I 401 

12 I 528 
18 I 638 
19 I 770 
23 2 932 
23 3 994 
26 3 1223 
26 3 1333 
28 3 1500 

different trees. Species compos1t1on and ways of locus 
development are defined by speed of gap enlargement. Thus, 
gaps in multispecies temperate forests include individuals 
of one or several species, but most individuals arc of the 
same biological age. Development of young individuals 
depends on light requirements, which implies that develop
ment is different in the gaps of different size and in differ
ent parts of gaps. 

A comparison of the spatial-temporal parameters of popu
lation elements of tree species of temperate forests reveals 
a spatial and temporal continuum of population mosaics. 
The continuum provides the possibility of a sustainable 
existence of multispecies uneven-aged forests because of 
asynchronous development of population loci of different 
species. 

Different tree species need different amounts of time and 
different sized areas for their development and for their full 
ontogeny. Light requirements of young trees of different 
species define the composition of young population loci. 
There are shade-tolerant tree species in small gaps, but 
both shade-tolerance and light-demanding tree species can 
develop in large gaps. Therefore, in East Europe, uneven
aged forests consist of shade-tolerant species (Picea, Fag us, 
Carpinus), but uneven-aged forests consist only of light
demanding species (Betula, Pinus, Quercus). 

The dynamics of tree population loci are determined by 
the light requirements of the tree species. Specific environ
mental conditions occur below tree crowns and these de
fine the composition and structure of lower strata. Environ
mental conditions arc changed drastically with tree fall -
different microsites appear (log, hillock and pit), where 
seedlings of trees and shrubs, moss and herb species of 
different ecology can develop. Thus, the creation of gaps 
provides conditions for forests with a high level of biologi
cal diversity. 

We consider an old-growth temperate forest as a hierar
chy of population mosaics of species differing in areas 
and in turnover time of their elements. Population mosa
ics of tree species have the largest spatial-temporal di
mensions in the forest community, and population mosa
ics of other species are determined by the trees. Because 
of this, the sustainability and development of forest eco
systems arc regulated by the population mosaic cycles of 
tree species. 
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Abstract. In late 1994, the Ecological Society of America 
created a Panel on Vegetation Classification. Its objective was 
to facilitate the creation of a standardized. scientifically cred
ible vegetation classification for the United States. The Panel 
- 20 regional and national vegetation scientists - is a neutral 
forum for the review of goals and standards for nomenclature. 
hierarchy, and methodology. It also identifies areas for re
search and encourages broad public, governmental, and scien
tific participation. The Panel has cooperated with an inter
agency group, the Federal Geographic Data Committee, in 
beginning to create national standards for a vegetation classi
fication system at physiognomic levels. A document deal-ing 
with these upper levels of classification was formally en
dorsed by the Secretary of the Interior in 1997. In 1998, the 
Panel completed a draft document dealing with proposed 
minimum standards for lower floristic levels. The terms "alli
ance" and "association" are employed somewhat differently 
from their use by traditional phytosoeiologists. Following its 
wide distribution for comment, the ESA will publish a final 
version of the document. 

Keywords: Alliance; Association: Canada; Ecological Soci
ety of America, Federal Geographic Data Committee: Mexico: 
Nature Conservancy; Panel on Vegetation Classification. 

Introduction 

United States vegetation ecologists have made signifi
cant progress toward nationally con- sistent standards for 
vegetation sampling and vegetation classification over the 
past 6 yr. For the first time, there has been a national effort 
to accomplish this standardization: an effort by academics 
through the Ecological Society of America (ESA). by 
government scientists through the Federal Geographic Data 
Committee (FGDC), and by conservationists through The 
Nature Conservancy (TNC), a non-profit, non-governmen
tal organization. 

The motivation to seek a national consensus has been 
conservation - a need to identify and protect representa
tive examples of all plant communities natural to the 
United States (and eventually to Canada and Mexico, thus 
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inclusive of all of the North American land area). With 
conservation ecology as a driving force, there has been a 
resurgence of interest in vegetation sampling. data archiv
ing and analysis. classification, and mapping in North 
America. US phytosociology has been in a state of lethargy 
for several decades, ever since the ascendence of the indi
vidualistic/continuum theory over the association-unit 
theory in the 1950s (Barbour 1995. 1996; Mucina 1997) 
and the replacement of a 'nature in balance' paradigm with 
a ·nature in flux' paradigm in the 1970s (Botkin 1990). 
Vegetation classification and mapping. however, arc essen
tial and eminently practical to serve the purposes of re
source management. conservation, and restoration. Classi
fication and mapping approaches can be used to good 
advantage, while recognizing that they over-simplify the 
landscape. 

The participants: individuals and entities 

This resurgence was apparent at a well-attended classifi
cation workshop sponsored by the ESA in August, 1993. 
The workshop was jointly convened by Robert Peet of the 
University of North Carolina and Dennis Grossman of 
TNC. At that time, TNC was the only entity in the United 
States attempting to derive a national vegetation classifica
tion system at both tloristic and physiognomic levels, and it 
had just been awarded a contract by the US National Park 
Service to map and classify vegetation in all of the national 
parks. At the same time, other federal agencies were pursu
ing their own independent national classifications (e.g. 
Forest Service, Bureau of Land Management. Fish and 
Wildlife Service). The potential for chaos among different 
classifications was very high. 

As a consequence of that successful workshop, Peet and 
Grossman wrote a letter to then-President of the ESA Jerry 
Franklin, asking that he appoint a special committee on 
vegetation classification so that members of ESA might 
have some positive role to play- at least having an avenue 
to voice scientific opinions - about the nascent classifica
tions. Within a few months. President Franklin did create 
such a committee, which was to report back to ESA within 
a year with recommendations on how ESA might proceed 
in this area. Michael Barbour was asked to be Chair be
cause of his recent experience chairing a similar 
state effort in California (Keeler-Wolf 1993; Sawyer & 
Keeler-Wolf 1995). He was joined by 15 others. including 
regional academic experts and agency ecologists already 
involved in classification work. The special committee met 
in mid-1994 and created a mission, work plan. initial roster 
of members, budget needs, and objectives (Table I) for a 
recommended entity called a Panel on Vegetation Classifi
cation. The Panel would be administered by ESA, but 
membership would not be restricted to ESA ecologists. 

In late 1994, the new President of ESA, Judy Meyers, 
and the ESA Council ap-proved of the special committee's 
recommendations and gave the Panel a 3-yr period of life. 
Orie Loucks of Miami University (Ohio) was appointed 
Chair, Michael Jennings of the US Geological Survey (Bio
logical Resources Division) as Vice Chair, and 18 others 
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Table I. Initial objectives of the Panel on Vegetation Classifi
cation, 1995. 

I. Provide a neutral forum for the review and discussion of vegetation 
classification. 

2. Assure broad public access to the process of creating a standardized. 
credible classification system for the United States. 

3. Set standards for hierarchical structure, nomenclature, data acquisition, 
and data archiving for United States vegetation classification. 

4. Establish an ongoing process of review for future modification of 
standards. 

5. Adopt standardized named units of vegetation. 
6. Provide for an ongoing process of review for modifications to. and 

additions of, named units. 
7. Identify areas for further research relative to classification and encour

age research in those areas. 

as members (Table 2). Members included ecologists from 
academia, federal agencies, and conservation organiza
tions. A budget sufficient to support Panel meetings, a 
small staff, and outreach activities was provided by grants 
from several federal agencies. 

The Panel met for the first time in mid-1995 in conjunc
tion with the 38th meeting of IAVS at Rice University, 
Texas. At that meeting, the Panel met its first timely chal
lenge: to comment on national vegetation terminology 
being developed by an inter-agency entity called the FGDC. 
The FGDC had been created in 1990 to promote a coordi
nated development and shared use of geographic data. One 
of its several sub-committees is called Vegetation and it is 
charged with developing and implementing uniform stand
ards of data collection, archiving and interpretation of 
vegetation data. The FGDC had just completed a draft 
document, 'Standards for vegetation classification: assump
tions, principles, definitions, and hierarchical classifica
tion categories', which it was circulating for review. The 
ESA's Panel made many substantial suggestions regarding 

Table 2. Members of the ESA Panel on US National Vegeta
tion Classification, 1995-1998. 

Member 
Abrams, M. 
Barbour, M. 
Berg. K. 
Brown, D. 
Dammon,A. 
Glenn-Lewin, D. 1 

Grossman. D. 
Hartshorn. G. 

Affiliation 
Pennsylvania State University 
University of California, Davis 
Bureau of Land Management 
Arizona State University 
University of Connecticut 
Wichita State University 
The Nature Conservancy 
World Wildlife Fund/Duke University 

Hemstrom. M. Forest Service 
Jennings, M.' Geological Survey/Biological Resources Division 
Loucks, 0. 1 University of Miami 
MacMahon, J.4 Utah State University 
Peet. R. University of North Carolina 
Phister, R. University of Montana 
Shaw, D. Environmental Protection Agency 
Spaeth, K. Agricultural Research Service 
Talbot, S. Fish and Wildlife Service 
Udvardy, M. 5 California State University, Sacramento 
Waggoner. G. Geological Survey/Biological Resources Division 
Walker, J. Forest Service 
Walker, M. University of Colorado, Boulder 
1Chair, 1998-; 'Vice Chair, 1995-; 'Chair, 1995-1997; 4Ex-officio, Presi
dent of ESA; 5Dcceascd 

terminology and these were later incorporated by the FGDC. 
Interior Secretary Bruce Babbitt formally endorsed the 
revised document in October of 1997 (Anon. 1996 ). As 
Chair Loucks wrote in an editorial in the Bulletin of the 
ESA (Loucks 1996), the importance of the Panel's review 
"can hardly be over-emphasized ... [because] all federally 
funded projects will be affected, including much academic 
research and agency work ... These standards will influence 
the direction of ecosystem- and landscape-scale ecology 
for decades." 

The FGDC document addressed vegetation classifica
tion at physiognomic levels,visible and mappable from 
aerial photographs and remotely sensed images (Table 3). 
The definitions of the physiognomic levels class, group, 
and formation are based on earlier work by Anon. ( 1973) 
and Driscoll et al. (1984). These categories include infor
mation on overall dominant growth form, ground cover 
percentage, overstory plant height, leaf traits (including 
phenology), climate, and topographic position. 

Definitions of alliance and association 

The FGDC document did not address in detail the lower, 
more local, tloristically-based categories, but it did pro
pose names and brief definitions for them: alliances and 
associations (Table 3). Both - in the tradition of North 
American phytosociology - are based more on diagnostic 
species that may include dominant species, rather than the 
narrower definition of characteristic taxa sensu Braun
Blanquet. The association is developed through analysis of 
the total floristic composition in all vegetation strata. The 
alliance emphasizes the composition of the vegetation in 
the dominant, uppermost stratum. An alliance, thus, can be 
mapped from remotely sensed data, a trait highly desired 
by resource agencies that manage large areas. 

An association, the lowest unit in the US national vegeta
tion classification hierarchy, has a definite tloristic compo
sition (several species having high constatncy) and a con
sistent physiognomy, and it occupies a repeated, predict
able environment. (The classification will recognize that 
rarely an association can be a singularity, occuring only 
once.) It is characterized by diagnostic species deetermined 
from numerical analysis of overstory and understory species. 
Succcssional communities can be recognized as associa
tions. Associations are named with the Latin binomials of 
overstory/understory diagnostic species (sec examples in 
Table 3). 

An alliance, in the words of the Panel's draft document, 
"is made up of a phys-iognomically uniform group of plant 
associations that share one or more dominant or diagnostic 
species that- as a rule-are found in the uppermost vegeta
tion stratum. The alliance is determined both by tloristic 
patterns of the associations it contains and by the 
physiognomic-ecologic characteristics of the vegetation 
formation it represents." 
Hierarchically, an alliance is an aggregation of syntaxo
nomically related associations. This concept of the alliance 
is similar to that defined in recent US Forest Service 
documents (J. Fites & B. Bingham, pers. comm.) and the 
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Table 3. Hierarchical levels and examples of vegetation classification. at physiognomic and taxonomic levels, proposed by the FGDC 
and adopted by the United States Department of Interior in 1997. 

Hierarchical level 
Division 
Order 
Class 

Forest example 
Vegetated 
Tree-dominated 
Open tree canopy 
Deciduous 
Cold-deciduous 
Natural 
Upland 

Scrub example 
Vegetated 
Shrub-dominated 
Dwarf shrub land 
Evergreen 
Microphyllous 
Natural 
Cushion 

Herbaceous example 
Vegetated 
Herb-dominated 
Herbaceous 
Perennial graminoid 
Temperate 
Natural 

Subclass 
Group 
Subgroup 
Formation 
Alliance 
Association 

Quercus J.?arryww 
Quercus garryana
Quercus kelloggiil 
Rims dil·ersiloha 

Cassiope mertensiana 
Cassiope mertenshuw
Phy/l<)(/oce empetr(f(,rmis 

Temperate tall dense sod grassland 
Andn,ru,g<m gerardii-Panh·um \'i1:~(lfllm 

Andn,1u,g<m gerardii-Panic·um 1·il:r~atum
(Spartifw /Wiens) 

Canadian Committee on Ecological Land Classification 
(Strong et al. 1990). 

An alliance is synonymous with the categories 'series', 
'cover type' and 'consociation' of various agencies, and 
also with cateories V and VI of the Canadian system. The 
FGDC document states that alliances are named with the 
Latin binomial of the dominant species. For example, in the 
montane mixed conifer forest of the western United States, 
are the Pinus ponderosa alliance (a single dominant), a 
Pin us ponderosa-Calocedrus decurrens alliance (two domi
nants separated by a hyphen), or a Pinus ponderosa-( Pin us 
.flexilis) alliance (parenthetical species not consistently 
present), among many other possibilities. The Canadian 
system uses common names for alliances ( e.g. pondererosa 
pine). 

At the present time, there are no minimal sampling or 
analysis criteria for the definition of alliances or associa
tions, nor for formal publication of names. Using the North 
American definitions given above, TNC in 1994 reported 
that their ecologists had recognized approximately 1200 
alliances and 2800 associations (Anon. 1994) in the United 
States. (TNC staff; Grossman 1998 and pers. comm.) esti
mate that these numbers had doubled by the end of 1998.) 

Despite the North American flavor of definitions for 
alliance and association by the FGDC, the Panel attempts 
to be as inclusive as possible with regard to methodologies. 
Among those methods is the releve approach to sampling. 
TNC has adopted the releve approach to sampling vegeta
tion, and there has been some recent movement among 
other agencies and academic ecologists to do the same, 
including members of the Panel. In California, for exam
ple, State Department of Fish and Game staff, responsible 
for quantifying and defining rare vegetation types (Sawyer 
& Keeler-Wolf 1995), typically gather releve-type samples 
in the field to document vegetation. A series of major 
publications, using both the releve approach and traditional 
syntaxonomy, has appeared in the last half-dozen years for 
western North American scrub and forest vegetation 
(Peinado et al. 1997, 1995a, b, 1994; Rivas-Martinez 1997, 
1999) and eastern North American forests (Miyawaki et al. 
1994). These authors' works did not appear completely de 
nm•o, but were built upon earlier and continuing traditional 
phyto-sociological research conducted at more local levels 
by such North Americans as Adolf Ceska, Henry Conard, 
Antony Damman, M. Grandtner, Karel Klinka, Vera 
Komarkova, V. Krajina, Jack Major, Henry Oosting, Marcel 

Rejmanek, and Steve Talbot, as well as their students and 
collaborators. So, the answer is "no" to Moravic's rhetori
cal question, posed only seven years ago (Moravec 1992): 
"Is the Zurich-Montpellier approach still unknown in veg
etation science of the English-speaking countries?" 

The next few years: a standards publication and new 
directions 

Under a renewed 3-yr lifespan granted by ESA to the 
Panel in 1998, and with David Glenn-Lewin as Chair, the 
Panel has focussed on preparing for publication a standards 
document for United States vegetation classification. It 
will consist of half a dozen chapters that will endorse 
sampling and analysis methods, propose archiving and 
oversight review procedures on data and nomenclature, 
and assign categories of confidence to the plot data used to 
define any particular association. 

Draft documents have already been discussed at two 
annual meetings of the ESA. A proposed final draft was 
more widely circulated for review in 1999. After a com
ment period, the document will be published and made 
available for general sale by the ESA. The document is 
not intended to freeze vegetation classification in the 
United States, but rather to encourage its evolution in a 
thoughtful, structured way. The Panel expects that there 
will be future edited iterations of the standards document, 
much as there have been repeated ·approximations' of a 
soils classification document by the United States' Soil 
Survey Staff (Anon. 1975). 

As the standards document nears completion, the ESA 
Panel is turning its attention to the problems of implemen
tation. The Panel is seeking to form a consortion of itself, 
TNC, FGDC, and the US National Biological Information 
infrastructure, to oversee both the implementation of stand
ards and their future evolution. It is laying out a plan for 
publicizing their availability and educating the user com
munity about them. At this time, the Panel envisions a 
series of workshops for this purpose. The Panel is also 
involved in broad discussions among its members and with 
others about database needs and development. The Panel 
will also seek funding mechanisms for the implementation 
of the classification. the maintenance of data bases, and 
outreach activities. 
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Abstract. According to traditional approaches, calcareous 
grassland communities in Germany are classified in two 
phytosociological orders and about five alliances according to 
their position within the subatlantic-continental climatic gra
dient and available water supply. In the last few decades. 
several synoptic tables have been published to support this 
view. Although there is a general agreement on the main frame 
of phytosociological arrangement of communities within the 
Festuco-Brometea class, details vary considerably depending 
on the authors. 

During the last several years, large vegetation data bases 
have been established which easily allow numerical classifica
tions. In most cases, synoptic tables are not suitable for the 
application of classifications to data bases, mainly because of 
the lack of large-scale differential species and the lack of 
allocation criteria. The species-group method is presented, 
which enables computation of original vegetation data in large 
data bases. The use of this method allows retention of the 
broadly accepted traditional Braun-Blanquet scheme, but in 
addition supplies clear and reproducible allocation criteria for 
classification. 

In the present study about 7700 releves of calcareous 
grasslands from Germany have been compiled from the litera
ture. Based on maximization of fidelity, groups of differential 
species were extracted. These groups can be equivalently used 
to subdivide the data set. 

Classification was performed by combining species groups 
using formal logic. The resulting units were evaluated and 
optimized in respect to their correspondence to the traditional 
phytosociological alliances. 

Keywords: Braun-Blanquet system; Classification; Festuco
Brometea; Large-scale vegetation survey. 

Nomenclature: Ehrendorfer ( 1973) for phanerogams; Frahm 
& Frey ( 1987) for mosses; Wirth ( 1980) for lichens. 

Introduction 

Since the beginning of phytosociology, releves have 
been made of Festuco-Brometea communities, which oc
cur over large areas of Central Europe and adjacent re
gions. Tens of thousands of releves from these communi
ties have been published. Synoptic tables have proved of 
little value in applying classifications to data bases mainly 
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because of the lack of large-scale differential species and 
the lack of allocation criteria. The aim of the present study 
was to find out whether this vast data collection allows for 
detecting differential species to characterize vegetation 
units on a large scale. The second objective was to use these 
differential species to produce a classification which corre
sponds to the existing Braun-Blanquet system as much as 
possible, but in addition, supplies clear allocation criteria 
for each vegetation unit. 

Phytosociological background 

Traditionally, in Central Europe the class Festuco
Brometea is subdivided into two geographically separated 
orders, the Festucetalia l'Cllesiacae and the Brometalia 
(Oberdorfer & Korneck 1978; Royer 1991 ). These orders 
comprise several alliances. which are widely accepted by 
phytosociologists, but for the details of assignment and 
contents of each alliance various opinions exist. Also lower 
vegetation units have been created using different phyto
sociological methods, yielding numerous associations that 
often are not comparable, although they sometimes even 
share the same names. 

As an example, Table I lists all associations that different 
authors have described as belonging to the Festucion 
valesiacae in Germany. Each column represents one au
thor, each row contains synonymous or similar associa
tions. The application of different phytosociological meth
ods as well as the size of the investigation areas of the 
different authors has led to various subdivisions of the 
alliance. 

The main associations of the Festucion valesiacae are 
the Potentillo-Stipetum in the east, the F estuco-Stipetum in 
the centre and the Allio-Stipe tum in the south of Germany, 
but these three communities can be more easily geographi
cally distinguished than tloristically. 

TheAllio-Stipetum and the Potentillo-Stipetum have been 
established using character species and following the Ziirich
Montpellier method (Braun-Blanquet 1964 ); whereas the 
Festuco-Stipetum is based on diagnostic species groups of 
the Eberswalde method (Mahn 1965; Scamoni & Passarge 
1963: 65 a.f.; Dierschke 1994: 338). 

The main problem with the flood of associations is that 
most of them lack clear allocation criteria and are often 
based on subjective opinions. Serious differences in classi
fication are also caused by the fact that normally one 
researcher investigates only a restricted area; this results in 
a survey which is only valid for this special area. Such 
geographically restricted surveys do not allow extrapola
tion of results to larger areas. Therefore, it is necessary to 
establish a vegetation classification with emphasis on clear 
and reproducible allocation criteria, covering the whole 
distribution area of the vegetation type considered. This 
conception also matches the aims of the Working Group on 
European Vegetation Survey of the International Associa
tion for Vegetation Science (IAVS ) (Mucina et al. 1993; 
Rodwell et al. 1995 ). 
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Table 1. Associations of the alliance Festucion valesiacae according to different sources. 
author Roye,1991 Oberd-& Pott 1992 Prelslngetal. Mahn 1965 Schubert 1974 Schubert, Hilbig, Krausch 1961 Pasaarve1964 Dengler UHM 

Korneck 1978 1997 Klotz 1995 

.... Cenln,!Eu- - Germany 1.<MO<"Sexony Cenln,I Germany - Cenoaland ~ N-Gennany a ........... 
(aalection) Germany (Centr,I Gennany) Germany - (-- !~ Gennonv Gennonvl 

"""" Festucetalla vateslacae Br.-81. et Tx. 1943 - S11po,4'-.Jla 
valniKNo ........ 

ad. Festucion ruplcolae Fntudon valulacae Fntuc:o-Stiplon f4tatuco-SUplon Festucion 
valealacNKllka $oo (1929) 1940 KHka 1931 capUlatN(Klika KraU9Ch 1959 

Festudon valesi.c. Klika 1931 Astragalo-Stlplon Knapp 1944 1931) Kreusch 1959 1931 em. Kllka 1955 

subaH. Eu-Festuc.nlon 
ruplcolN Soo 1971 .... Fntuco valul-.- Stipetum caplllatN Fntucoval•- ffftuco,.Stlpetum Fatuco valeslacae- Stlpetum capUa.tae ...,.co-Stipotum 

Stipetum capillatae (Hueck 1931) Stlpotum capUlatH Mahn 1965 .............. ,,_ (HuM:k 1931) capll,_ (Ubb 1936) 
(Libb. 1931) Mahn Krauech 1960 Mahn 1959 (Libb. 1931)emend. O<r.>usci,1960 Mahn 1959 
1959 Mahn 1959 

.... GerMlo-Stlpetum 
Gen:nlo-Sttpetum caplUatu Mahn 1965 

(ind. Geranio- (incl. Festuco-
Mahn 1965 ·- ·-.... Teucrlo-StllMb,lm 
Mahn 1965 Teucrfo.Stlpttum capUlatae Mahn 1965 andTeucrio-Stipetum) ... PotenUUo arenari .. Potentftlo-StlJMtum 

··-caplU.. 
capllialffllbb. 

Llbbert 1933 1933 

.... 
AHio tphaeroc.ephll-Stlpetwn caplllatae (Knapp 1944) 

Komeck 1974 

.... O.nlsto pltoue,. 

Genlsto-Stipetum tlrue Komeck 1974 
S11petum 
stenophytlN Korn. 
1974 .... Futuco.alleMtum 

oUU.U:lbart 1933 .... F----....-
Sllinge,1931 

Vegetation data base 

The working group in Gi:ittingen has started to establish 
a vegetation data base actually containing about 7700 
releves from various authors, mainly belonging to the 
Festuco-Brometea. 

The map of Germany (Fig. I) illustrates the origin of the 
releves in the data base, classified by landscape units 
(Meynen et al. 1953-1962). The map shows that plots of 
calcareous grasslands incorporated in the data base are not 
evenly distributed, but concentrated in northern and central 
Germany. In the current state of the data base, releves from 
southern Germany have been included only accidentally. 
Consequently the data base is far from complete, but it 
represents the calcareous grasslands of central Germany 
quite well. (All readers are kindly requested to contribute 
to the database by sending electronic versions of Festuco
Brometea releves, provided that geographical references 
are included.) 

Determination of species groups 

In order to obtain groups of differential species from the 
vegetation database, own software, developed in our de
partment (Bruelheide 1995; sec also Bruelheide & Jandt 
1995, 1997) was used. The algorithm makes use of the 
distribution of all species in the entire data base. Starting 
groups of specie~ are selected which subsequently are 
tested and optimized independently. Two examples are 
given in Table 2. 

The species groups arc used to form groups of releves 
that show the property to have a minimum number of 

PotenUUo arenartae- Potentillo-SUpetum PotendUo .,.nan. 
SUpetum c:aplllatae 

and Potentillo-
capHlatM Libb. 1933 SUpeblmcaplllalM 

(Hueck 1931)Krausch (Huo 1931) Libb. 
1961 Slipetum} 1933 

Eryslmo-
FestucllQ.lm 
valnlacae Klika 
1932 

species of the group of differential species. The composi
tion of the species group, the number of species belonging 
to the group and the required minimum number are derived 
by a process of optimization based on statistical criteria. 
The species groups are formed independently of each other. 
This entails that different groups may have one or more 
species in common. 

Classification by species groups 

To obtain vegetation units from the species groups, a 
classification was established using formal logic (Bruelheide 

Table 2. Examples of species groups resulting from independ
ent optimization processes. 

Salvia pratensis group: 
Two out of eight species required 

Sal,·ia pratensis 
Festuca rupico/a 
Achi//ei1 pa1111011irn 
Errngium campestre 
Filipendula vu/garis 
Bup/eurum falrntum 
Potentillll heptapln'ila 
Adonis l"ernalis 

Leontodon hispidus group: 
Eight out of 16 species required 

Leontodon hispidus 
Bri:a media 
Carexflacca 
Carex can-ophvllea 
Koe/eria pvramidata 
Tlnmus pu/egioides 
Ram111cu/11s hulhosus 
Plllntllgo /anceo/ata 
Cirsium acaule 
Plllntago media 
Scabiosa co/umharia 
Linum cutlwrticum 
Lotus cornicu/atus 
Carlina rnlgaris 
Festuca orina 
Potentil/o neumanniano 

/' 

, 



"" 

\ 

"' 

- Application of the species-group method to the data base of calcareous grasslands - 119 

Fig. 1. Origin of the relevcs in the database. 

1997). The initially equivalent species groups arc weighted 
subjectively in order to obtain a hierarchical classification. 
The resulting classification should reflect traditionally used 
vegetation units with practical importance as much as 
possible. Therefore. the alliances of the Braun-Blanquet 
system were chosen as references. As was said above, 
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Table 3. Alliances encountered in the data base using the species
group method. English names according to Ellenberg ( 1988). 

alliance 

Fnr11cio11 ralcsiucae (Continental arid ~wards) 

Cin)o-Bn1chypodio11 (Continental fairly dry ~wan.I<.;) 
Xcrohm111io11 (Suhoccanic arid swards) 

Mcsohromion (Suhoccanic fairly dry swards) 

Few11cio11 pallentis ( Pale fcscuc rocky outcrop comm.) 

Koe/erio-Ph/eion (Acid-soil fairly dry swards) 
Arrhenatherirm (Oatgrass meadow~) 

numher of rckvCs 

640 
935 
457 

3412 
159 
156 
411 

Alysw-Sedion ( Stonccrop calcareous whcathcrcd rock comm.) I 07 
Geranion .rn11g11i11ei ( Bloddy cransehill fringe comm.) 77 

Koderion glaucae ( Blue green hairgrass sandy swards) 81 

Snleria 1·aria communities (Blue moorgrass slope comm.) 582 

the associations known from literature lack comparable 
assignment criteria and cannot serve as basic units for 
comparisons. 

For the formal definition referring to species groups 
three possible cases arc considered: a species group is (I) 
required to define an alliance. (2) allowed to occur without 
any relevance for the definition of the considered alliance 
or (3) not tolerated within the alliance. Alliances arc de
fined either by presence of one species group or by combi
nations of several species groups. In addition, they are 
arranged hierarchically. For example. the first criterion for 
definition of the Mesohromion is presence of the Leontodon 
hispidus group (Table 2). Yet this criterion is applied only if 
certain other species groups, such as the Safria pratensis 
group (Tahle 2) arc not present. Altogether, using species 
groups, 11 different allliances were distinguished in the 
data base (Table 3). Some further alliances are represented 
by few relevcs only. Furthermore, these alliances can be 
subdivided into lower vegetation units using species groups. 
For more details sec Jandt 1999. 

Fig. 2. Assignment of releves to the Cirsio-Braclnpodion using species groups in comparison with the original authors· opinion. 
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Fig. 3. Assignment of relevcs to the Mesobromion using species groups in comparison with the original authors' opinion. 

Evaluation 

The formal definition of alliances was compared with the 
original authors' opinion, to check the correctness of the 
assignment of releves to a certain vegetation unit. For this 
purpose each releve in the database was supplied with the 
information of its original assignment on the alliance level. 

The evaluation of the Cirsio-Brachypodion is illustrated 
in Fig. 2. The front columns shown in pale grey shading 
show the degree of assignment of relevcs in the data base to 
the Cirsio-Brachypodion when the species-group method 
and the previously described formal allocation scheme is 
applied. Background columns in dark grey represent the 
total number of releves present in the database, assigned to 
the different alliances according to the opinion of the 
original author. There are 335 out of a total of 525 releves 
of the Cirsio-Brachypodion that have been congruently 
assigned. A further 266 rcleves were allocated to the Cirsio
Brachypodion, which had originally belonged to the 
Mesobromion as well as 141 releves originally described as 
belonging to the Festucion mlesiacae. Only a few other 
alliances also contribute to the Cirsio-Brachypodion. 

Obviously, the species-group assignment does not ex
actly match the individual authors' opinions. This outcome 
was to he expected, because it reflects the lack of univer
sally valid allocation criteria and the variety of personal 
opinions. 

Fig. 3 shows the same pattern of assignment for the 
Mesobromion. In this case the number of releves that 
originally did not belong to the Mesobromion is quite low. 
The relatively high number of releves ( 1633) originally 
described as the Mesobromion, but not assigned to it in this 
study, mostly includes species-poor initial forms. 

Outlook 

The species-group method yields subdivisions of the 
data set comparable to alliances of the Braun-Blanquet 
system. Further subdivision results in lower vegetation 
units comparable to associations, subassociations and so 
on. Vegetation units obtained by the species-group method 
can be presented as synoptic tables, to which phytosocio
logists are accustomed. Therefore, the method unifies the 
advantages of traditional vegetation units that have been 
approved in practice, with those of a reproducible and 
objective computer analysis supplying clear allocation cri
teria. Although the method is incorruptible in treating 
species and releves equivalently, personal judgements and 
experience may be incorporated. For other examples of 
application of the species-group method see Bruelheide 
(1995), Burkart (1998), Jandt ( 1999), Ptlume (1999) and 
Baumann (2000). 

It should be noted that this classification, as it is a 
geographically restricted classification, is not the ultimate 
solution for some alliances that occur at the periphery of 
their distribution area in Germany. Nevertheless, within the 
considered area, the allocation scheme is generally valid. 
Another important achievement of the species-group method 
is, that it is applicable on a local scale as well as on national 
scale and perhaps, in the future, on European scale. 
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Abstract. Shrubs and semi-shrubs give a peculiar appearance 
to the temperate deserts of Eurasia. The ecology of these 
species, which are widespread on the plains between the 
Caspian and Aral Seas, is described. The desert shrubs and 
semi-shrubs were divided into four ecological groups: 
petrophytes, psammophytes, halophytes, and eurytopic shrubs 
and semi-shrubs. Petrophytes (shrubs: Caragana grandijlora, 
Rhamnus sintenisii: semi-shrubs: Astragalus turcomanicus, 
Sa/so/a arhusculij'ormis) grow exclusively on stony-gravelly 
shallow soils developed over different rocks, such as lime
stone, sandstone, chalk (with the exception of Tertiary carbon
ate clays). Psammophytes (shrubs: Cal/igonum aphyllum, C. 
caput-medusae, C. leucocladum, Haloxy/011 persicum; semi
shrub: Astraga/us karakugensis) are found only on sandy soils 
and sand massifs. Halophytes (shrubs: Nitraria schoheri, 
Tamarix elongata, T. gracilis, T. hispida, T. hohenackeri, T. 
laxa, T. ramosissima) are found on saline soils of different 
texture. The eurytopic species occur in a wide range of habi
tats: Calligonum junceum and Haloxylon aphyllwn are com
mon species of salt-laden sands and soils with a strong concen
tration of gypsum; shrubs: Atraphaxis replicata, Sa/so/a 
arhuscu/a, Cal/igonum junceum, Haloxylon aphyllum, and 
semi-shrubs Convolvu/us Jruticosus, Krascheninnikovia 
ceratoides grow on limestone, sandstone, chalk as well as on 
sands with a depth of 50-80 cm. 

Keywords: Ecological group; Eurytopic species; Halophyte; 
Petrophyte; Psammophyte. 

Nomenclature: Czerepanov ( 1995). 

Characteristics of temperate deserts 

In Eurasia the temperate deserts are distributed from the 
Ergeni Mountains in the west (45° E) to Dzungaria in the 
east (85° E) and from the southern boundary of the steppe 
area in the north from 48° N (crossing the Caspian Low
land, Sub-Ural Plateau. Mugodzhary Mountains and Kazakh 
Hummocky Plain) to the mountains of Central Asia (Kopet 
Dagh, Pamir-Alaj, Tien-Shan) in the south (38° N). 
This area is characterized by the large annual and summer 
daily amplitudes of air temperature, low precipitation (50-
250 mm) and high evaporation (3 - 4 x precipitation). The 
coldest month is January with an average monthly tem
perature of -5 to -15° C (minimum -46° C). The average 
monthly July temperature is +25 to 29° C (maximum 

+4 7 °C). The temperature sum of temperatures above+ IO °C 
is 3400-4600°C. The predominating soils are brown and 
grey-brown desert soils, while salty soils (solonetz, 
solonchak), sands and takyrs occur often in the Temperate 
Desert area. Solonetz is characterized by dense surface and 
dense salty horizon with a columnar or prismatic structure 
in the lower part of the profile. Solonchak is a hydromorphic 
soil with a high concentration of water-soluble salts in the 
surface layer, forming salt efflorescence. Takyr is a primi
tive shallow desert soil, mainly loamy, with dense and 
smooth surface cracked in polygons (Rachkovskaya ct al. 
1990). 

Various plant growth forms characterize the vegetation 
of the deserts, with dwarf semi-shrubs dominating. Shrubs 
are plants with woody stems and branches throughout and 
taller than 50 cm. Semi-shrubs are also taller than 50 cm 
but have partly ligneous annual shoots, the upper part of 
which die off every autumn. Dwarf semi-shrubs are similar 
to semi-shrubs, but with smaller stems and lower height 
(30- 40 cm) (Nechaeva 1973 ). 

Dwarf semi-shrubs (notably Artemisia,Anahasis, Salsola, 
Atriplex) form plant communities in diverse environments 
and determine the physiognomy of most of the landscapes 
in the region. Shrubs and semi-shrubs are indicators of a 
more favourable soil water status, particularly on sands 
(which have a low evaporation because of the low water 
capacity and suboptimal capillary action of soil water), 
stony-gravelly substrates of various lithology condensing 
water, and saline (solonchak) depressions with high ground 
water levels. 

Shrubs and semi-shrubs are a particular characteristic of 
the biome of the Eurasian Temperate Deserts. They attain a 
height of I to 1.5 m on average (minimum 0.5 - 0.8 m; 
maximum 2 - 2.5 m) and show various horizontal patterns 
ranging from nearly even to clumped distributions. they 
can form dense mono-dominant or oligo-dominant com
munities. 

Ecological groups of shrubby desert species 

Communities characterized by shrubs and semi-shrubs oc
cupy large areas. Their significance in the vegetation is 
obvious in the I : 2 500000 'Vegetation map of Kazakhstan 
and Central Asia' from 1995, and in the 'Map of recon
structed vegetation of Central and Eastern Europe' (same 
scale) from 1996. In the map legends 40 shrub and semi
shrub species from 11 families are mentioned. 

The four most important families - as far as the number 
of species is concerned-are Polygonaceae ( 12), Fabaceae 
( 10), Tamaricaceae (8) and Chenopodiaceae (6). Other 
families include the Convolvulaceae and Ephedraceae with 
two species and five families with one species (Table I). 

This short survey is limited to those shrubby species 
which served as a basis for delimitation of mapping units of 
plain deserts in the legend of the vegetation map of 
Kazakhstan and Middle Asia (Ladygina et al. 1995 ). The 
desert shrubs and semi-shrubs are divided into four eco
logical groups: petrophytes, psammophytes, halophytes 
and eurytopic species (Safronova 1996). 
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I. Petrophytes grow on cobble hill-slopes, on plateau 
stone terraces, in canyons with rock outcrops of various 
lithological composition. They are Sa/so/a arbuscul(formis, 
Malacocarpus crithmifolius, Rhamnus sintenisii and 
Crataegus ambigua. 

Salsola arbusculiformis is a North-Turanian species and 
a main dominant of plant communities on the Bet-Pak
Dala Plateau. Its range spreads through the Ust'urt Plateau 
up to the mountains of the Mangyshlak Region; its eastern 
distribution limit is found in the Alashan' Desert (Grubov 
1955; Petrov 1966) with a gap in the eastern part of Chinese 
Dzungaria and Kashgaria and in central parts of the Gobi 
Desert (Lavrenko 1962). 

Rhamnus sintenisii is a West-Turanian species. It is widely 
distributed throughout the Mangyshlak Region. It is a 
solitary large branched shrub of 1.5 to 2 m tall and inhabits 
precipices, deep canyons, and rarely occurs on rolling hills 
with outcrops of limestone and sandstone. The species is 
especially abundant on the precipices of the Tjub-Karagan 
Peninsula. On the Kinderli-Kayasan Plateau it is scattered 
along dry streams with stony bottoms. 

Malacocarpus crithmifolius is a West-Turanian species. 
It forms stands on stony slopes and screes, but it is rare and 
listed as an endangered species (Bikov 1981 ). 

Crataegus ambigua is an endemic species of the Western 
Turan. Its solitary shrubs are not uncommon in canyons of 
the Mangyshlak mountains and on plateau precipices. It is 
included in the Red Book of Kazakhstan (Bikov 1981 ). 

2. Psammophytes occur on sands (with different kind of 
relief such as dune, bump, barkhan, etc.). This is the largest 
group with 20 species. Among those, the Sahara-Gobi 
genus Calligonum predominates (nine species). The centre 
of the distribution of this genus is found in sand deserts of 
Turan (Lavrenko 1962; Musaev 1969). C. aphyllum, C. 
caput-medusae and C. leucocladum are the Turanian spe
cies; C. aphyllum is the only representative of this genus 
which is widely spread on the sands of the Caspian Low
land. C. murex is a Central-Turanian species. C. 
microcarpum, C. setosum are South-Turanian elements. C. 
dubijanskyi and C. plicatum are East-South-Turanian spe
cies. 

Astragalus brach_1pus and A. karakugensis, both Turanian 
elements, are widespread. The other species of the genus 
Astragalus-one of the species-richest genera in the world, 
and especially well-differentiated in Central Asia (Kamelin 
1973) - have smaller distribution ranges: A. ammodendron 
occurs on the sands of Western Turan; A. paucijugus is 
common eastward of the Aral Sea and A. un(foliolatus is a 
South-Turanian species. 

The South-Turanian psammophytes Salsola richteri, 
Ephedra strobilacea, E. lomatolepis, the Turanian 
Eremosparton aphyllum and the Irano-Turanian Haloxy/011 
persicum and Mauso!ea erioca,7Ja play an important role 
in the plant cover of the sand massifs of the Turan. 
Psammophytes form mono-dominant communities of 
Haloxylon persicum and oligo-dominant communities of 
Calligonum species or communities dominated by 
Astragalus, Calligonum, Salsola, Ephedra, Mausolea 
eriocarpa or Eremosparton aphyllum. 

Table I. Basic ecological and taxonomic data on the shrubs and 
semi-shrubs occurring in Temperate Deserts of Eurasia. Leg
end: Growth-form codes: S = shrub (plant with woody stems 
and branches throughout and> 50 cm); SS =semi-shrub(> 50 
cm and woody stems and branches which are dead for most of 
the year). Family abbreviations: AST = Asteraceae; CHE = 
Chenopodiaceae; CON= Convolvulaceae; EPH = Ephedraceae; 
FAB = Fabaccae; ZYG = Zvgophyllaceae; PEG= Peganaceae; 
POL= Polygonaceae; RHA = Rhamnaceae; ROS = Rosaceae; 
TAM= Tanwricaceae. Ecological group codes: EU= eurytopic 
species; PS = psammophyte; P = petrophyte; H = halophyte; 
Latitudinal distribution at the limits of the Temperate Desert 
Zone in Eurasia with dominant dwarf semi-shrubs (plant similar 
to semi-shrubs, but with smaller wooden stems and height 30-
40 cm), semi-shrub- and shrub communities: n = northern 
deserts (subzone between 47° and 48°N); m = middle deserts 
(subzone between 43° and 47°N); s = southern deserts (subzone 
between 38° and 43°N); Floristic elements (according to 
Lavrenko 1962): SG = Saharo-Gobian; ITG = lrano-Turano
Gobian; TG = Turano-Gobi an; IT= Irano-Turanian; T = Turanian; 
NT= North Turanian; ST= South Turanian; CWT= Caucasian
West Turanian; WT = West Turanian; WST = West-South 
Turanian; CT= Central Turanian; ET= East Turanian; EST= 
East-South Turanian. 

Species name Fam Growth Ecol. Lat. Flor. 
form group dis tr. elem. 

A111111ode11dro11 eiclnrnldii FAB s EU s WT 
Ast raga/us ammodendron FAB ss PS n. c. s WT 
A. lm1clnp11s FAB ss PS n, c. s T 
A. karakugensis FAB ss PS n, c. s T 
A. paucijugu., FAB ss PS C, s ET 
A. turcomanicus FAB ss EU C, S WT 
A. 1111if,,/iola111s FAB ss PS s ST 
A. ,·illosissimus FAB ss EU s EST 
Atraphaxis replirnlll POL s EU n.c.s IT 
Calligon11111aphvl/11111 POL s PS n.c.s T 
C. caput-medusae POL s PS c. s T 
C d11hija11shi POL s PS s EST 
C.junceum POL s EU C, S TG 
C /eucocladum POL s PS n. C, S T 
C microcm11wn POL s PS s ST 
C. murex POL s PS c. s CT 
C. plicatum POL s PS s EST 
C. setosum POL s PS s ST 
Caragmw gra11diflora FAB s EU c. s CWT 
Con1·0/rulus erin(l(·eus CON ss PS n,c.s IT 
C fruticosus CON ss EU n. c. s T 
Crataegus amhigua ROS s p C WT 
Ephedra /omatolepis EPH s PS s ST 
E. strobilacea EPH s PS s ST 
Eremosparton aphyllum FAB s PS n,c.s T 
Haloxv/011 aphvllum CHE s EU n, c. s IT 
H. persicum CHE s PS C, S IT 
Krascheninniko\'ia ceratoides CHE ss EU n, C. S SG 
Malacoca1p11s crithmifolius PEG s p C WT 
Mauso/ea eriocarpa AST ss PS s IT 
Nitraria sclwheri ZYG s H n. C, S T 
Reaumuria fruticosa TAM s EU C. S WST 
R. oxiana TAM ss EU s EST 
Rlwmnu., .\intenisii RHA s p C. S WT 
Slllsola llrbuscu/a CHE s EU n, C, S ITG 
S. arhusrnlifimnis CHE ss p n, C NT 
S. richteri CHE s PS s ST 
Tamarix e/ongata TAM s H n, C, s TG 
T. gracilis TAM s H n, C, S TG 
T hispida TAM s H n,c.s TG 
T. /10he11akeri TAM s H n, C, S ITG 
T. /axll TAM s H n. c. s ITG 
T. rmnosissima TAM s H n. C, S ITG 



124 Safronova, I. 

3. Halophytes are connected with saline habitats: 
solonchaks, solonetz and saline soils of different texture. 
Almost all of them (six species) are Tamaricaceae, one 
species belongs to the Zygophyllaceae (Nitraria schoberi, 
a Caspian-Turanian species). The Tamaricaceae are repre
sented by the Saharo-Gobian genus Tamarix with most 
species widely spread throughout the whole Turan, e.g. T. 
elongata and T. gracilis (Table I). 

4. Eurytopic species cover a large range of habitats as 
compared with the other groups. The group includes four 
species of Fabaceae and three Chenopodiaceae, two 
Polygonaceae, two Tamaricaceae and one Convolvulaceae. 
Caragana grandiflora is a Caucasian-West-Turanian 
species, occurring in the Aral region and on the Ust'urt 
Plateau, it has the phytocoenotic optimum in the Mangyshlak 
Region. C. grandifiora communities are distributed on 
rocks of various lithology, but preferably on chalk and 
occasionally on deep (compact) saline sands. 

Astragalus turcomanicus a West-Turanian species wide
spread in the Mangyshlak Region on eroded slopes and 
rocky habitats of various lithological composition (lime
stone, sandstone, chalk, deep sands), being codominant in 
shrub-semi-shrub communities. 

Astragalus villosissimus is an East-South-Turanian spe
cies. It plays a significant role in vegetation of the Kyzylkum 
sands and on stony-cobble soils of the Syr-Darya Karatau 
Lowland. 

Ammodendron eichwaldii is a West-Turanian species 
growing on stony-gravelly soils and sands, and forming 
mono-dominant plant communities, or it is a component of 
oligo-dominant shrub communities and Haloxylon aphyllum 
communities. 

Haloxylon aphyllum is an Iran-Turanian species. It is one 
of the main dominants of the Turan Deserts. H. aphyllum 
communities occupy large sandy areas. It is a frequent 
component of oligo-dominant psammophyte desert plant 
communities and also occurs as separate shrubs on steep 
stony slopes, precipices and screes. H. aphyllum tolerates 
high salt contents quite well and grows on gypsum soils as 
well. 

The eurytopic group includes one Calligonum species, 
C. junceum. This species is found mainly on saline sands, 
but also grows on gypsum soils and on Tertiary (often 
variegated) clays. 

Atraphaxis replicata (Iran-Turanian), Convolvulus 
fruticosus (Turanian), Krascheninnikovia ceratoides (a 
continental species with an extensive range), Salsola 
arbuscula (a Gobi-Iran-Turanian species), widely spread 
in Temperate Deserts, are found both on stony-gravelly 
soils over various bedrocks and on shallow sand deposits. 
They form three mono-dominant communities and several 
oligo-dominant communities, which are characteristic of 
the West Turan ( especially of the Mangyshlak Region). 

Two species of the Saharo-Gobian genus Reaumuria 
(Tamaricaceae), R. fruticosa and R. oxiana belong to the 
eurytopic group as well. The former species has a West
South-Turan range; the range of the latter one is included in 
the Kyzylkum Desert. Both species prefer saline habitats 
with gypsum clays, saline sands, solonchak and takyrs. 
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Abstract. Data from 29 vegetation studies done in the so
called Central Bushveld, South Africa (a large region N and 
NW of Pretoria), were subject to syntaxonomic synthesis 
using TWINSPAN and further refined with traditional table
sorting procedures of the floristic-sociological approach to 
classification of vegetation. The analysis revealed four major 
groups of communities, interpreted at this stage as zonal 
vegetation classes which we preliminarily name: Commiphoro 
mollis-Colophospermetea mopani, Panico maximi-Acaciatea 
tortilis, Terminalio sericeae-Comhretetea apiculati and 
Englerophyto magalismontani-Acacietea caffrae. 

Keywords: Syntaxonomy; TWINSPAN. 

Nomenclature: Arnold & De Wet (1994 ), except for 
Englerophytum magalismontanum (Sond.) T.D. Penn. 

Introduction 

The Central Bushveld of South Africa can be defined as 
the bushveld of the North West Province (N of the 
Magaliesberg) and the Northern Province. The area is 
situated between the Kalahari in the west (the Botswana 
border) and the Lowveld, east of the Great Escarpment 
(Fig. I). Several vegetation studies have been conducted in 
the Central Bush veld. These include published studies ( e.g. 
Schmidt et al. 1993; Schultze et al. 1994; Brown et al. 
1996) as well as unpublished reports (e.g. by G.J. 
Bredenkamp in 1978 and Q. Ne! in 1997). These studies 
were confined to farms or nature reserves, scattered through
out the Central Bushveld. The syntaxonomy and synecology 
of the vegetation of a part of the North West Province (van 
der Meulen 1979) are also included in this study. 

The present general knowledge of the vegetation of this 
area is based on descriptions by Acocks ( 1988) and Low & 
Rebelo ( 1996). Their classifications of broad vegetation types 
were however not based on phytosociological data. 

The aim of this study is to present a preliminary syn
taxonomic synthesis of the available releves in order to 
identify the major zonal vegetation types that may represent 
phytosociological classes. Releves from azonal vegetation 
(e.g. wetlands, synanthropic vegetation) were disregarded. 

'--------~~~~~~-
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Material and Methods 

Results of classification efforts of 29 phytosociological 
vegetation studies (Table I) performed in the region of the 
Central Bushveld, published as well as those presented in 
unpublished works, are summarized in 39 phytosociological 
tables and descriptions of many savanna communities. 
Releves from azonal and intra-zonal communities were 
removed. The resulting data set had 2907 releves with 
1369 taxa. As a first step, we constructed a synoptic vector 
for each community from each table. Every community, 
representing zonal vegetation from the 39 phytosociological 
tables, was thus summarized into a single column in a 
single synoptic table. In total 378 plant communities repre
senting local tables (sensu Westhoff & van der Maarel 
1978) were re-analysed using programme TWINSPAN 
(Hill 1979). A final synoptic table was constructed, and 
major community groups, each interpreted preliminarily as 
a zonal vegetation class, were recognized. The final synop
tic table (Table 2) contains the constancy values of the 
species, traditionally given in Roman numbers (I - V) rep
resenting 20% intervals. 

Results 

Four major groups of savanna plant communities were 
recognized. The first TWINSPAN division separated the 
Mountain Bushveld communities from the other commu
nities. The second division separated communities from 
the Mopane Veld and the Arid Sweet Bushveld (Acocks 
1988). A further division of the remainder resulted in two 
groups, one representing Broad-Leaved Bushveld (Werger 
& Coetzee 1978), dominated by Combretum species, while 
the other group is the Microphyllous Thorny Bushveld 
dominated by Acacia species (Cole 1986). 

This suggests that the Central Bushveld may be divided 
into four classes, which we give the preliminary names: 
Commiphoro mollis-Colophospermetea mopani; 
Panico maximi-Acacietea tortilis; 
Terminalio sericeae-Combretetea apiculati; 
Englerophyto magalismontani-Acacietea caffrae. 

N 

A 

500 500 1000 km 

Fig.I. Location of the Central Bush veld, South Africa. 
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Table 1. Sources of phytosociological data used in re-analysis 
of the classification scheme for the Central Bush veld of South 
Africa. 

Author Year Location Reis. 

Botha 1994 Waterberg Wildsentrum 104 
Bredenkamp unpubl. Pictersburg Nature Res. 81 
Brcdenkamp & van Vuurcn 1977 Turlloop Dam. Pictersburg 19 
Brov. n & Bredcnkamp 1994 Borakalalo Nature Res .. Brits 82 
Brown ct al. 1995 Borakalalo Nature Res .. Brits 137 
Brown et al. 1996 Borakalalo Nature Res .. Brits 132 
Coet,cc 1975 Rustenburg Nature Res. 191 
Coctzee et al. 1976 Nylsvley. Nylstroom 161 
De Frey 1993 Loskopdam, Groblcrsdam 10 
De Kock ct al. 1977 Wonderhoorn, Pretoria 41 
Dekker & van Rooycn 1995 Messina Experimental Farm 148 
Fourie 1994 Kwalata Game Ranch. Ellisras 63 
Fourie unpubl. De Bovcneindc. Vaalwater 27 
Hattingh 1994 Warmbaths Nature Reserve 33 
Kruger 1990 Mahalingwc, Warmbaths 107 
Nel unpubl. Rustcnburg Nature Res. 283 
Pauw 1988 Atherstone Nature Res .. 

Thabazimbi 4.3 
Purchase 1994 Ylakpan. Marblchall 40 
Schmidt el al. 1993 Rhino Ranch. Ellisras 43 
Schult, ct al. 1994 lmbcrhe Game Ranch. Ellisras 39 
Smith 1992 Doompoort, Pn::toria 58 
Turner 1995 Mokolo, Ellisras 85 
van <lcr Meulen 1979 North West Province 514 
van Essen 1993 Bosvcld Rcntmccstcrs, Rocdtan 25 
van Rooyen 1983 Roodeplaat. Pretoria 70 
van Schalkwyk 1993 Mahula Game Res .. Warmbaths 87 
Visser et al. 1996 Honnet Nature Res .. Tsipisc 54 
Westfall 1978 Silkaatsnek. Pretoria 74 
Westfall 1985 Groothoek, Thabazimbi 156 

Commiphoro mollis-Colophospermetea mopani 

The communities of the Commiphoro-Colophmpermetea 
mopani occur in the far northern part of the study area and 
are well-known as the Mopane Veld. The tree Colopho
spermum mopane is usually the sole spectacular dominant 
in this sparse-woodland community. It grows on fine
grained, usually deep soil that varies from sandy to loamy 
and clayey (Werger & Coetzee 1978). 

Character species of this class include the woody species 
Colophospermum mopane, Combretum mossambicense, 
Boscia albitrunca, Acacia erubescens, A. nigrescens, A. 
senegal, Grevia bicolor. Kirkia acuminata and Terminalia 
prunioides. The most important diagnostic forbs are 
Acalypha villicaulis, Sida ovata and Tribulus terrestris 
accompanied by prominent grasses Stipagrostis uniplumis, 
Eragrostis lehmanniana, Aristida adscensionis, Cenchrus 
ciliaris, Enneapogon cenchroides and Tragus berteronianus. 
Grewia bicolor and Enneapogon cenchroides were re
vealed as the most important indicator species at the divi
sion level separating the Commiphoro-Colophospermetea 
mopani from the Panico-Acacietea tortilis and the 
Terminalio-Combretetea apiculati. 

Panico maximi-Acacietea tortilis 
This microphyllous Thorny Bushveld is considered as an 

Arid Bushveld (Huntley 1982, 1984) and it occurs in the 
Transvaal Plateau Basin, comprising the flat Bushveld 
Basin and the Waterberg, Soutpansberg and Pietersburg 
Plateaus (Cole 1986). It is characteristic of the dark, clayey 
soils often developed over basalt in the low lying areas. 

The Panico-Acacietea tortilis gives way to deciduous broad
leaved savanna in upland areas with sandy soils underlain 
by granite, thus forming an extensive mosaic with the 
Terminalio-Combretea apiculati. 

Diagnostic species for this class include trees and shrubs 
such as Acacia karroo, A. robusta, A. nilotica, A. mellifera, 
Rhus lancea, R. pyroides as well as grasses Eragrostis 
rigidior, E. superba, Cymbopogon plurinodis. Alien herbs 
such as Tagetes minuta and Bidens bipinnata are also very 
abundant and appear to have a diagnostic value. 

The TWINSPAN analysis indicated that only one woody 
species can be considered as indicator: Terminalia sericea. 
This tree is usually associated with sandy soils of the 
Terminalio-Combretetea apiculati. It is possibly an indi
cator of some of the Panico-Acacietea tortilis plant com
munities occurring on the relatively sandy side of a soil 
texture ecocline within the Panico-Acacietea tortilis 
(Winterbach 1997). Other indicator species include 
Eragrostis rigidior, Tagetes minuta, Aristida stipitata and 
Waltheria indica. 

Terminalio sericeae-Combretetea apiculati 

The vegetation of this class occurs on sandy loam under
lain by granite, quartzite and dolomite. It is considered by 
Huntley ( 1982, 1984) to be a moist savanna. On the Spring
bok Flats in the Bushveld Basin, where vertic clay soils are 
formed from underlying basalt, this vegetation is only 
found on sandy sediments and on aeolian sands (Werger & 
Coctzee 1978). In the slightly undulating landscape, this 
broad-leaved sparse woodlands form a mosaic with the 
Panico-Acacietea tortilis, where the former is found on the 
upland sandy areas whereas the latter occupies lower lying 
clayey areas. 

The Terminalio-Combretetea apiculati are characterized 
by the woody Diplorhynchus condylocarpon, Croton 
gratissimus and Pseudolachnostylis maproune/folia. Diag
nostic forbs and grasses are Rhoicissus revoilii, Tephrosia 
longipes, Aristida d/ff'usa, Eragrostis chloromelas and 
Schizachyrium jeffreysii. Other prominent species include 
trees and shrubs, e.g. Zi::.iphus mucronata, Terminalia 
sericea, Vttex rehmannii, Dombeya rotundifolia. Combretum 
1110/le, C. ::.eyheri and Acacia caffra, forbs, e.g. Phyllanthus 
parvulus, Commelina africana and Solanum panduriforme 
and grasses, e.g. Brachiaria nigropedata, Panicum 
maximum, Digitaria eriantha, Aristida congesta ssp. 
congesta, Loudetia simplex, Schizachyrium sanguineum 
and Melinis repens. 

The indicator species derived from the TWIN SPAN analy
sis for this class are Combretum molle, Burkea africana, 
Diplorhynchus condilocarpon, Rhoicissus revoilii and 
Loudetia simplex. 

Englerophyto magalismontani-Acacietea caftrae 

This mountain is found on the slopes of the Waterberg 
and the bushveld Magaliesberg, Witwatersrand and 
Suikerbosrand. It occurs mainly on sandy soils underlain 
by solid rock of various geology. 

~~~~~~~~~~--------------~ 
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Table 2. Synoptic table for the vegetation classes of the Cen
tral Bushveld. Only very diagnostic or very frequent species 
were selected. 
I: Commiplu,n,-Colop/u,spermete(I nu>/Nllli 

~: Panico-Acacietea tortilis 
3: Termi1wlio-C<nnhretetea apiculati 
4: Englerophyto-Acacie1ea caffrae 

Class 
Numher of communities 32 192 

3 
37 

4 
90 

Group A: diagnostic species of the Commiplwro-Coloplwspermeteo mopc111i 

E,meapowm £'em'hroides V 
Gre11·h1 bicolor V 
Aristida adscensionis IV 
Tenninalia pnmioides IV 
Stipagrostis 1mip/11mis IV 
Acacia nigrescens III 
Acacia senegal Ill 
Trihu/u.\ terrestris III 
Aptosimum lineare Ill 
Combretum nwssambicense Ill 
Acalypha rillicaulis 111 
Boscia alhitrunca Ill 
Brochiaria cllfle.rn 111 
Achyranthes aspen, var. sicula III 
Paronia hurc!wllii III 
Monechma diraricatwn Ill 
Hihisc·us micrm1thus 111 
Hermannia odorata Ill 
Cenchrus ciliari.\ III 
Gisekia qfricana III 

Group B: diagnostic species of the Panico-Acacietea tortilis 

Acacia karroo III 
Eragrostis rigidinr Ill 

Group C: species common to Classes I and 2 

Eragn)stis lehma1111ia11a IV II 
Grell'iafla1·a lll Ill 
Acach1 tnrtilis lll Ill 
£1·<,h·ulus alsimddes Ill II 
Trogus hertem11ia11us Ill II 
Kyplu,c·arpa angust(j()/ia II II 
Un,c·hh,a mosambicensis II II 
Aristhfa c·<mgesta ssp. harhi<'<)//is II II 

Group D: diagnostic species of the Terminalin-C<nnbret(;'fea apic·ulati 

Diplnrh.1·nc11us c·rmdy/ocarp1m 
Rlufrc·is.w1s re1·oilii 
Ty/osemu fas.'wglense 
Cn)Um gratissimus 
A.~paragus (~{ric·m111s 
Gardenia vo/kensii 
Hexalobus monopeta/us 
Euclea natalensis 
Mundu/ea sericea 
Pterm·arpus nmmdfolius 
Pseud1)/ach11ostylis mopnnme~f<,Jia 
St0,·c·/11u,s pungens 
Tephrosia longipes 

Group E: species common to Classes 2 and 3 

Zi;iphus mucnmata 
Terminalia sericw1 
Br(l('hiario nigropedata 
\/itex rehmannii 
Eragn,stis gumm~f/ua 
Domheya rotund(fo/;a 
Ehretia rigida 
Per,,ti.\ pa tens 
A,g<marthria squarrosa 
M,msonia angust~folia 
Merremh1 tridentatu 
Lt.111tww rugosa 
Limeum 1·isco.rnm 
£1111eap<,go11 scopurius 
Cleome maculata 
Aristida stipitalll 
Tric·h<meura grandiglumis 
Waltheria indica 
Aen·a leucura 

Ill 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

IV 
IV 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
lll 
Ill 
Ill 
Ill 

II 
IV 
IV 
IV 
Ill 
Ill 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

Group F: species common to Classe\ I, 2 and 3 

Panicum maximum Ill IV Ill 
Dic·hrostwhys c·inerea Ill IV II 
D(!!,itaria erim1tha II IV IV 
Aristida c·<mgesta II IV IV 
Phyllanthus pan·ulus II II IV 
C1m1hretum (tpin1/a!llm II II IV 
5(·/unidtia papp1Jph<,rtJides II II II 
Grewia monticola Ill II 

Group G: diagnostic species of the Englemphyto-Acacietea cqf!Tae 

Senecio 1·em,sus 
IndigJdf!ra comoso 
Bulhostylis hurchel/ii 
Trachyp<)g<m spic·atus 

Group H: species common to Classes 3 and 4 

Burkeo t{/'ric·ww V 
Loudetia simplex IV 
U1111u!adiscolt,r IV 
O;oma paniculosa IV 
Pellaea calomelanos Ill 
Englerophytum mogalisnumtanum Ill 
AndnJp<\!!,on s(·hirensis Ill 
Tapiphyllum pan·(folium Ill 
Maytenu.\ te11uispina Ill 
0/denlandia herhaceo lll 
Asparagus s1w1·eo/e11s Ill 
Oc1111apulc'/1ro Ill 
Melinis 11e1Tiglumis II 
Vangueria i,~fausta II 
Faurea saligna II 
Setaria lindenhergiana II 
Eragrt)stis racemosa II 

Group I: species common to Classes 2. 3 and 4 

Themeda trimulra lll Ill 
Heterop<\f(on ('(JJlfortus Ill Ill 
Diheterop<J_!!,ml amp/e(·tens II Ill 
Cmnhretum nw//e ll V 
Comhretum :.eyheri II IV 
Brm-hiaria serrata ll Ill 
S(·hiau·hyrium sanguineum II Ill 
Setaria sphacelma II II 
Lippia ja1·a11ica II Ill 
E/ionurus muticus II II 
Commelina erecta II II 
A(·acia u~fj'ra II II 
Osyris lanceo/ata I I 
Eu.'itachys paspaloides I I 
Chamaec'l"ista mimosoides II 
Dh,spyros f.n·<)ides II 
Eragrostis curl'u/a II 
Rims leptodyctiu II 
Ce/tis ,~fricmw I 
H.,perthelia dissoluta 
Nuxia congesta 

Group J: species common to all classes 

Melinis repens lll Ill IV 
Commelina (~{ricana II Ill Ill 
5<Jlanum pandur~forme II Ill II 
Rhynclwsio totta II II 
Chaett1l·anth11s <.<,stat1rs I I I 
Rhus magalisnumtana I I 

lll 
Ill 
Ill 
lll 

II 
Ill 
II 
II 
IV 
lil 
Ill 
II 
II 
II 
II 
II 
IV 
lil 
II 
II 
lll 

IV 
lll 
IV 
II 
II 
Ill 
lll 
Ill 
II 
II 
II 
II 

II 
II 
II 
II 
I 

II 
Ill 
II 
II 
I 
I 
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The tree Protea caffra, the forbs lndigofera comosa, 
Selaginella dregei and Bulbostylis burchellii and the grasses 
Panicum natalense, Bewsia bijlora, Digitaria diagonalis, 
Cymbopogon validus, Brachiariaserrata and Trachypogon 
spicatus are diagnostic species. Constantly present woody 
species include Englerophytum magalismontanum, Faurea 
saligna, Owroa paniculosa and Ochna pulchra. Further 
frequent prominent forbs include Pellaea calomelanos, 
Commelina africana, C. erecta and Chamaecrista mimo
soides, while dominant grasses include L.oudetia simplex, 
Melinis nerviglumis, Eragrostis racemosa, Themeda triandra, 
Heteropogon contortus and Diheteropogon amplectens. 

Melinis nerviglumis, Pellaea calomelanos and Bulbo
stylis burchellii were identified as the indicator species 
separating the Mountain Bushveld from other savanna 
types of the studied region. Indicator species for further 
divisions within the class include Englerophytum magalis
montanum, Celtis africana, Nuxia congesta and Rhus 
magalismontana. 

Discussion and Perspective 

This is the first attempt to identify zonal phytosociological 
classes for the South African savanna from releve data. We 
acknowledge that the names of these classes are not validly 
described according to the Code for Phytosociological 
Nomenclature (Barkman et al. 1986). The formal descrip
tions accompanied by full necessary documentation will be 
presented elsewhere. 

We have identified the Mountain Bushveld as a very 
diverse vegetation type comprising many different com
munities. Further study may reveal that this class might be 
divided into various units interpretable as classes. This 
expectation is enhanced by complex topography of the 
rugged Waterberg and Magaliesberg mountain ranges, re
sulting plethora of habitat types and a complicated 
phytogeographic set-up. 

TWINSPAN placed the majority of the Arid Sweet 
Bushveld (Acocks 1988) communities into the Commi
phoro-Colophospermetea mopani, even when Colopho
spermum mopane was missing. Some of the communities 
are, however, grouped together with those of the Panico
Acacietea tortilis. This result suggests that the Arid Sweet 
Bushveld could be divided into two distinct vegetation 
types. 

The species composition of the Panico-Acacietea tortilis 
suggests an Acacia-dominated vegetation on clay soils, as 
well as on sandy deposits, overlying the clay. The occur
rence of species such as Acacia mellifera, Kyphocarpa 
angustifolia, Tribulus terrestris, Erag rostis lehmanniana, 
Stipagrostis uniplumis and Aristida adscensionis in these 
communities may indicate an affinity with the Kalahari dry 
savanna ( van Rooyen et al. 1988 ). 
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Yurkovskaya, Tat'yana K. 

Vegetation Geography and Cartography Department, 
Komarov Botanical Institute of the Russian Academy 
of Sciences, Popov St. 2, RU-197376 St. Petersburg, 
Russian Federation; 
Fax +78/223445/2; E-mail carta@map.hin.ras.sph.ru 

Abstract. Regional features of mire vegetation are controlled 
by its latitudinal and longitudinal position. Latitudinal posi
tion is related to vegetation structure, peculiarities of dominat
ing synusiae, and replacement of plant species groups with 
different types of latitudinal distribution. Changes in mire 
vegetation along the latitudinal gradient follow a sequence of 
zones and sub-zones involving tundra, taiga, and broadleaved 
forest. Along the west-east (oceanity-continentality) gradient 
the essential changes are reflected in the replacement of differ
entiating species. Throughout the area of middle taiga in 
Russia, from the west to east, forest formations are subjected 
to replacement of differentiating tree dominants (Picea ahies, 
P. ohovata, Ahie.1 sihirica. Pin us sihirica, etc.). On raised bogs 
Sphagnum .fi1srnm retains dominance throughout the entire 
middle taiga. Still several co-dominants and also species with 
different types of longitudinal range replace each other so that 
different regional types of raised bogs can be distinguished. 
Analogous consecutive series can be also traced in palsa 
mires. The zonal distribution patterns of most types of mires 
are different in Europe and Asia. 

Keywords: Azonality: Intrazonality: Meridional changes: Mire 
massif; Sub-zone; Vegetation structure; Zonality. 

Nomenclature: Czerepanov ( 1981) for vascular plants and 
Savich-Lyubitskaya & Smirnova ( 1968) for Sphagnum. 

Introduction 

The main aim of this communication is to discuss the 
results of a long-term mire vegetation research, performed 
by the author and earlier mire scientists in different parts of 
Russia. The hook by Osvald ( 1923) entitled 'Die Vegeta
tion des Hochmoore Komosse' can he considered the first 
modern description of mire vegetation. This work was of 
essential importance for the development of mire science 
in Russia (Bogdanovskaya-Guiheneuf 1928). At present a 
huge amount of data is available, which needs to be sum
marized, especially facts concerning the effects of zonal 
and longitudinal location on floristic composition and veg
etation structure of mires. Both of the latter usually display 
regional peculiarities. 

As to vegetation units used for consideration of the 
geographical distribution of mires, the principles of two
line classification (Sochava 1979) are applied. Along one 

line homogeneous units (phytocoenomeres) arc classified 
according to the concepts of the Russian geohotanical 
school (Shennikov 1964) or the floristic-sociological school 
(Braun-Blanquet 1964 ). Along another line heterogeneous 
units (phytocoenochores) are classified. For mires they arc 
mire complex (mire site), mire massif, system of mire 
massifs, etc. For example, mire complexes are united into 
'mire complex types' and these in turn in 'mire complex 
type groups'. Mire massifs have been classified (Yurkovs
kaya 1992, 1995) hierarchically as 'mire massif types', 
'mire massif type groups' and 'mire massif type classes'. 

Zonality in mire vegetation 

Regional features of mire vegetation are controlled by its 
zonal and meridional location. Zonal position is being 
reflected in vegetation structure, the peculiarities of domi
nating synusiae, and also the replacement of plant species 
groups with different types of latitudinal distribution (arc
tic, hypoarctic, boreal, etc.) along the north-south gradient. 
The highest subdivisions of mire vegetation (at the level of 
classes of types of mire massifs) change from the north 
southwards. Such changes are commensurable with the 
replacement of a zonal or sub-zonal vegetation types. such 
as tundra, taiga, broadleaved forest, or steppe. 

The views presented in this paper are to a considerable 
extent in contradiction with Heinrich Walter's zonality/ 
intrazonality concept (Walter 1973 ). It is my belief that not 
only so-called zonal (placor) vegetation but also all other 
types of vegetation (intrazonal, azonal and cxtrazonal ones) 
are subordinated to the rule of geographical zonality. In 
other words, they hear characters of their belonging to a 
peculiar zone: floristic composition of plant communities 
(the set of latitudinal 'zonal' gcoelements of flora); their 
structure (height, density, number of layers etc.) and so on. 
Walter ( 1979) in his 'Vegetation und Klimazonen' contra
dicts himself to some extent, for instance by differentiating 
the mires of the boreal zone as a particular zonal category, 
which agrees with my point of view. I have revealed the 
latitudinal regularities in mire distribution and emphasize 
the relations between mires and the zonal vegetation. Po
lygonal mires form such a case since their distribution is 
connected with the tundra zone and the region of continu
ous permafrost. South of this region, palsa mires are dis
tributed. Their range is connected with the region of spo
radic permafrost. 

In the southern part of the tundra and the northern part of 
the taiga aapa mires (string fens, ribbed fens) are spread. 
The ascertainment of continuous pan-boreal range of aapa 
mires in Eurasia essentially changed the idea of their distri
bution only through a set of several isolated localities. The 
entire taiga zone is well-suited for the development of 
raised hogs. The distribution of forest swamps is mostly 
connected with boreal and nemoral zones. The mire zonality 
is reasonably well depicted in the analytic map of the mire 
vegetation of East Europe (Yurkovskaya 1980). 

I show that vegetation of the herb mires (poor and also 
rich fens) in Eastern Europe displays a distinct zonal char
acter as well (all the previous investigators considered 



;;: 

- Main latitudinal and longitudinal characters of Russian mire vegetation - 131 

them azonal). Several types of such mires consistently 
replace one another from the North to the South. In the 
North these are low-herb ( I 0- 20 cm height) communities 
where arctic and hypoarctic species predominate -
hypoarctic species are distributed in the south of the tundra 
and in the north of the taiga zones (Yurtsev 1966 ); the term 
is used in modern Russian botanical-geographical litera
ture. In the taiga zone plant height varies from IO to 15 cm 
in small-sedge mires up to 70 - 80 cm in large-sedge mires, 
where boreal species predominate. In the nemoral zone the 
herb layer may attain a height of I m and is characterized by 
the participation of boreal-nemoral species. In the steppe 
zone the large-sedge and tall-grass communities (2 - 4 m 
tall) prevail, the southern amphibious herbaceous and (sub)
cosmopolitic species being among the most prominent. 

The syntaxonomy of mires is supposed to change along 
the north-south gradient as well, but unfortunately, this 
subject is poorly known in Russia. Hence I shall only 
present some examples here. In the tundra zone, the Alnetea 
glutinosae, the Phragmiteta!ia and related syntaxa are 
absent. There are many specific tundra associations and 
therefore a new alliance - the Caricion stantis - was de
scribed by Matveyeva ( 1994 ).Associations of the Oxycocco
Sphagnetea, dominating the mires of the taiga zone, are 
entirely absent in the tundra. In the steppe zone they are 
presented by only a few associations. The azonal 
Scheuchzerio-Caricetea fuscae is also represented by dif
ferent associations in several zones and sub-zones. 

Finally, some thoughts are presented on the difference 
between Walter's ( 1968, 1979) and the Russian concepts of 
zonality and intrazonality. According to the Russian con
cept, the vegetation of placors (loamy watershed plains) 
and zonal vegetation are not synonyms. Both placor, slope, 
and valley (as well as mire) vegetation may be subject to 
zonal change. However on placors this change is most 
dependent on climate, which results in vegetation charac
ters, typical of zone (sub-zone) as a whole (Sukachev 1928; 
Shennikov 1964; Alexandrova 1980 and others). 

Longitudinal changes in mire vegetation 

The essential longitudinal changes of mire vegetation 
can be observed also along the oceanity-continentality gra
dient. For example, in the middle taiga sub-zone these 
changes are similar to those in forests. Whereas in forests 
tree dominants replace each other from west to east (Picea 

abies, P. obovata, Abie.1· sibirica, Pinus sibirica, etc.) in 
raised bogs the changes involve only co-dominant species 
and also differentiating species of various longitudinal ranges 
(Atlantic, Subatlantic, East-European, Eurosiberian, etc.). 
Sphagnumfuscum retains dominance throughout the entire 
sub-zone. 

The areas of distribution of raised bog types are well 
delineated. Five regional types were distinguished within 
the group of types of the liverwort-lichen-peatmoss raised 
bogs. These types include: 
I. Calluna vulgaris, Triclwplwrum cespitosum, Rhyncho

spora alba, Sphagnum mage!lanicum and S. rubellum 
along the Baltic Sea coast; 

2. Calluna vulgaris, Empetrum nigrum, Trichophorum 
cespitosum, Carex rariflora and Sphagnum lindbergii 
along the White Sea coast; 

3. Chamaedaphne calyculata and Pinus sibirica in the 
north and middle taiga of West Siberia; 

4. Empetrum nigrum and Carex middendorfii in West 
Kamchatka; 

5. Sphagnumfuscum and S. lenense on the Sakhalin Island. 

In palsa mires one can observe an analogous consecutive 
series, such as 
I. Mires with Betula nana, treeless in North Europe; 
2. Betula nana and Pinus sibirica in West Siberia; 
3. Betula exilis and Larix gmelinii in East Siberia; 
4. Larix gmelinii and Sphagnum orientate in the Far East. 

Geographically differentiating species provide a tool for 
distinguishing and outlining the regional types of mires, 
which is used for mapping at small scale. 

The zonal distribution patterns of most types of mires is 
different in Europe and Asia (asymmetry). Polygonal mires 
in Northeast Europe are exclusively connected with the 
north tundra sub-zone, but in Asia they are spread over the 
arctic, north (typical) and south tundra sub-zones. Palsa 
mires are confined to the south tundra and forest-tundra in 
Europe but to the forest-tundra and the north taiga in West 
Siberia and eastward. The aapa mires (string fens) in Eu
rope are mainly found from the forest-tundra to the middle 
taiga, whereas in Siberia they spread from the tundra to the 
south taiga. In Asia the northern and the southern bounda
ries of the raised bogs shift to the South (Table I). 

Table 1. Asymmetry in the latitudinal distribution of mires in European and Asian Russia. E = Europe; A= Asia. 

Zone Arctic Boreal Ne moral 
Sub zone Arctic North South Forest- North Middle South Sub- Broad- Forest- Steppe 

tundra tundra tundra tundra taiga taiga taiga taiga leaved steppe 
E A E A E A E A E A E A E A E A E A E A E A 

Mire massif type class 

Polygonal + + + + 
Palsa + + + + 
Aapa + + + + + + + + 
Raised bog + + + + + + + + + + + 
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Abstract. Landsat TM satellite imagery appears as a very 
useful tool for classifying and mapping vegetation at interme
diate scale in a short time. Complemented with field surveys, 
it can provide floristic and structural information of the exist
ing land-cover types and their present spatial patterns. In the 
present study we identified the spatial patterns of eight differ
ent land-cover types (which vary from halophytic open 
shrublands to mountain woodlands) in the northern part of the 
Province of Cordoba, central Argentina, using Landsat TM 
imagery (30 m x 30 m ground resolution) and multivariate 
analysis of phytosociological field data. In this manner we 
integrated two different scales which provide details of land
cover structure and patterns. Previous information on the area 
reveals that the extent of stable communities has been substan
tially reduced and most of the remaining natural and semi
natural vegetation consists of secondary xerophytic forests 
and shrublands. The areas that retained stable communities are 
related to some kind of constrain for agriculture. 

Keywords: Remote sensing; Spatial pattern; Vegetation clas
sification. 

Nomenclature: Zuloaga & Morrone 1999; Zuloaga et al. 
1994, 1996. 

Introduction 

There are many attempts to use Landsat Thematic Map
per to study land cover types (mainly forests) at the inter
mediate scale (Horler & Ahern 1986; Sader et al. 1990; 
Curran & Foody 1993; Tuomisto et al. 1994; Riaza et al. 
1998). Potential uses for such land-cover data are many 
and varied and include assessing ecosystem status, model
ling nutrient cycling and runoff, understanding spatial pat
terns of biodiversity and land-use planning (Vogelman et 
al. 1998). An emerging conclusion of many such studies is 
that even though Landsat TM spectral data appears as a 
very useful tool for purposes of classifying and mapping 
vegetation at intermediate scale, it must be complemented 
with field surveys, which provide floristic and structural 
information of the existing land-cover and vegetation types 
(Howard et al. 1996). 

Field surveys and satellite imagery are at different ends of 
a continuum (Howard et al. 1996); while satellite images can 
be used to gather information from broad geographical areas 
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in a short time, the level of detail is limited. Through field 
surveys, every element down to a single vegetation patch or 
even an individual plant can be identified, but when a large 
geographic area is involved, this method becomes more 
expensive and time consuming. Hence, there is a need to 
investigate appropriate methods oriented to integrate ap
proaches at variable scales in order to provide specific 
details of land-cover and vegetation structure and patterns. 

The vegetation classifications of the Province of Cordoba 
(Central Argentina) in use nowadays are based in phyto
geographical parameters (Kurtz 1904; Luti et al. 1979) which 
only show the potential vegetation. Recently, tloristic and 
physiognomic studies of the province's vegetation have 
been made (Cabido 1985; Cabido&Acosta 1985; Menghi et 
al. 1989; Cabido et al. 1993; Cantero et al. 1996 ), but 
although these studies contribute to the interpretation of the 
mechanisms responsible for vegetation changes, they show 
deficiencies in describing and interpreting those changes at a 
regional scale. Satellite information may be used to over
come this problem, because it covers large areas at regular 
intervals, with a spectral resolution that can be related to 
parameters from which the structure and physiognomy of 
vegetation can be derived (Gates et al. 1965). 

Despite the need for current land-cover data, much of the 
intermediate-scale land-cover data now available for most 
of central and northwestern Argentina are outdated, incom
plete and of questionable accuracy. Although this data set is 
probably still adequate for some applications, many land
cover changes have occurred since the different data sets 
were compiled. 

In this study, we aim at identifying the spatial patterns of 
the different land cover types in the northern part of the 
Cordoba Province, central Argentina, using Landsat TM 
imagery (30m x 30 m ground resolution) and classifying 
their vegetation through multivariate analysis of phytosocio
logical field data. 

Material and Methods 

Study area 
The Province of Cordoba, located in the centre of Argen

tina, covers 168 000 km2 (Fig. I). Its climate is temperate to 

i 
Fig.1. Location of the Cordoba Province and of the study area. 
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warm temperate, with a mean annual temperature increasing 
from 16 °C in the east-southeast to 19 °C in the northwest; 
mean annual rainfall decreases in the same direction from 
more than 800 to 400 mm. These variations explain the water 
deficit in the northern and western parts of the territory. 

Our study area, located in the northern part of the Cordoba 
Province (belonging to the Chaco Phytogeographical Prov
ince), was selected as the training area for the study of the 
whole provincial territory due to its pronounced east to 
west geomorphological and climatic gradient, comprising 
a striking diversity of plant communities. The study area is 

. -,_:\r 
,,.,t, 

·.,,;{[f 

Fig. 2. Community level land-cover type 
map derived from Landsat TM. Cover 
types are shown separately to improve 
visualisation. a. Lithraea woodland; b. 
Trithrinax palm woodland; c. Acacia and 
Heterothalamus shrublands; d. Aspi
dosperma-Schinopsis forest; e. Aspi
dosperma-Stetsonia forest; f. Acacia 
shrubland; g. halophytic communities; 
h. cultural landscapes. In all the figures 
water bodies are shown in light grey. 

crossed in its central part by a north-to-south mountain 
range with plains filled by quaternary sediments to the east 
and west of the range. 

Selection and processing of satellite imagery 
A Landsat 5 TM digital image free of clouds (Path 229/ 

Row 081) of 14 November 1997 was selected. Maximum 
spectral variability of a false colour composite image ob
tained using bands 3, 4 and 5 (blue, green and red respec
tively) was analysed and evaluated through an Unsuper
vised Classification technique using the ISODATA routine 
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(Ball & Hall 1965) for the generation of spectral signa
tures. It gave a first sight of the mappable units present in 
the image. The different clusters were then used as a 
reference from which the locations of the various field 
surveys were determined. The surveyed locations chosen 
and other areas selected using field experience served as 
training sites for the generation of spectral signatures for 
the Supervised Classification of the image. This classifica
tion was performed through a Maximum Likelihood rou
tine using the seven bands of the TM scene. The final 
product of this process was a classified image in which 
eight different classes of known floristic composition are 
clearly defined. This image was then geo-referenced. 

Collection and classification c>f'vegetation data 
116 sites of ca. 300 m x 300 m ( corresponding to homo

geneous sites of 10 x IO Landsat TM pixels) distributed in 
the northern part of the Province were selected. The sites 
were chosen on the basis of the clusters obtained through 
the unsupervised classification of the TM image in order to 
represent a wide range of plant physiognomical types and 
climatic, geomorphological and edaphic conditions. In each 
site. the vegetation was described according to the Braun
Blanquet method. Data from each site were used for ordi
nation of the vegetation through DCA (Gauch 1981 ). 

Results 

Land-cover r,,pes 
Eight clearly differentiated vegetation cover types were 

derived from the patterns defined by the TM image and 
field surveys. A community level vegetation type map was 
derived from Landsat TM (Fig. 2). 

According to the available data (Sayago 1969) and to 
unpublished information, changes in vegetation cover have 
occurred in most of the area. The extent of stable commu
nities has been substantially reduced and most of the re
maining natural and semi-natural vegetation consists of 
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secondary xerophytic forests and shrublands. 
The first DCA axis discriminates mountain, lowland and 

halophytic communities. Different altitudinal belts arc 
differentiated in the mountain vegetation through the sec
ond ordination axis (Fig. 3 ). 

Mountain co1•er types 
Lithraea woodland. This community covers I% (ca. 16 

180 ha) of the study area (Fig. 2a) and is distributed as 
isolated patches along the slopes of the low mountain 
ranges. It is dominated by the evergreen tree Lithraea 
ternijrJ!ia, accompanied by the deciduous trees Condalia 
montana on eastern. wetter slopes and Schinopsis haenkeana 
on drier north and west facing slopes. Ruprechtia apetala 
and Croton sarcopetalus are the most frequent and abun
dant shrubs. This cover type used to form a continuous 
vegetation belt but has been substantially reduced by fire 
and logging. and replaced by shrublands and man made 
grasslands. 

Trithrinax palm ll'oodland. This community occurs in 
low longitudinal valley bottoms within the mountainous 
region, with a cover of 2 9r (ca. 53 330 ha) (Fig. 2b). Its 
physiognomy is characterized by an open tree stratum 
dominated by the native palm Trithrinax campestris on a 
dense grass matrix with Stipa tenuissima, S. eriostachya 
and Paspalum notatum as dominants. 

Acacia and Heterothala11111.1· shrub/ands. These commu
nities cover the 8 'le ( ca. 245 400 ha) of the study area and 
occur as discontinuous patches on disturbed sites previ
ously covered by Lithraea tem(fr>lia and Trithrinax palm 
woodlands (Fig. 2c). The physiognomy of the Acacia 
shrublands, which extend on the lower parts of the moun
tain range, is that of a low open shrub stratum on a herb 
matrix. Its dominant shrub is Acacia caven. accompanied 
by Eupatorium buniifolium. Colletia spinosissima. 
Flourensia campestris and Croton sarcopetalus. The her
baceous stratum is dominated by different species of Stipa. 
Tagetes minuta, Bidens subaltemans and many C~ grasses. 
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Fig. 3. Detrended Correspondence Analysis (DCA) of 116 inventories in northern Cordoba Province, central Argentina. a. Lithraea 
woodland; b. Trithrinax palm woodland; c. Arncia and Heterothalamus shrublands; d. Aspidmperma-Schinopsis forest; e/f. 
Aspidosperma-Stetsonia forest and Acacia shruhland: g. halophytic communities. (Letters correspond to the cover types in Fig. 2) 
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The physiognomy of the Heterothalamus shrublands is 
similar to that of the preceding but lower and more open. It 
is dominated by Heterothalamus alienus accompanied by 
Acacia caven, Colletia spinossisima, Croton sarcopetalus 
and different species of Baccharis, Eupatorium and Verno
nia in the shrub stratum. This, as well as the Acacia 
shrubland community, shows some representative species 
of the mountain woodlands, such as Lithraea ternifolia and 
Ruprechtia apetala. 

Lowland cover types 
Lowland Chaco forests. This land-cover type is distrib

uted through the flat territories of the study area (Fig. 2d 
and 2e) with a cover of IO% (ca. 286990 ha). It comprises 
mostly secondary forests with only small patches of mature 
forests. The secondary forests are dominated by several 
xerophytic trees includingAspidosperma quebracho blanco, 
Arncia praecox, Zizyphus mistol and species of Prosopis. 
Some relic communities, mainly located to the east of the 
mountain range in the study area (Fig. 2d: Aspidosperma
Schinopsis forests), show a higher frequency of Schinopsis 
lorentzii (severely logged for extraction of tannin and pro
duction of railroad ties) and Prosopis kuntzei (from which 
posts were made) that dominated these communities until 
the beginning of this century. The forests located in the 
more arid plains, mainly to the west of the mountain range 
and in elevated patches of the saline depressions (Fig. 2e, 
Aspidosperma-Stetsonia forests), show an understory domi
nated by xerophytic shrubs including Larrea divaricata, 
Mimozyganthus carinatus and Cercidium australe which 
belong to the Monte phytogeographical province (Cabrera 
1976 ), characterized by semi-desert shrub lands. The cover
abundance values of Stetsonia coryne are high, the percent
age cover of bare soil also being high; the abundance of 
Selaginella sellowii, dominating the moss layer, is striking. 

This land cover type formerly covered the whole flat 
territories of the study area. After fire, logging and the 
expansion of agriculture it has been substantially reduced, 
and most of its past range is now occupied by cultural 
landscapes (Fig. 2h). 

Acacia shrub/and. This community covers 27 % (ca. 785 
440 ha) of the study area and occurs on disturbed sites 
previously covered by lowland Chaco forests (Fig. 2f). The 
dominant species of the woody layer is Acacia caven, a 
deciduous shrub broadly distributed through the whole 
country and known by its marked invading ability. The 
composition of this community is not much different from 
that of the lowland forests, but its structure has been 
modified by logging, fires and overgrazing, showing an 
open shrubland physiognomy. 

Halophytic community. This land cover type occurs on 
saline depressions present to the eastern and western ex
tremes of the study area (Fig. 2g). It is a mosaic ofhalophytic 
communities dominated by succulent species (mostly 
Chenopodiaceae, Cactaceae and Portulacaceae). Non
halophytic species arc severely constrained by high soil 
salt concentrations. The main physiognomic type is an 
open shrubland that alternates with slightly elevated small 
patches covered by fragments of forest communities with a 

reduced number of species. It comprises also Spartina 
grasslands in sectors that are subject to brief floods. This 
land-cover type covers 13 % (ca. 374940 ha) of the terri
tory (including salty bare soils). 

Cultural landscape. In this cover type we include all the 
land which has been in agricultural use in the near past (less 
than IO yr after abandonment) and at present. As seen in 
Fig. 2h, this is the most extended cover type in the study 
area, covering 37 % (ca. I 086 180 ha) of the territory, 
indicating a high intensity of disturbance and fragmenta
tion of the original land cover. 

Concluding remarks 

In this study we show that the combined use of Landsat 
TM and field data allowed us to identify land cover types 
and to describe its spatial patterns, structure and composi
tion. Thematic Mapper images showed a qualified map
ping capability for vegetation communities and land-cover 
types. 

The patterns derived from Landsat TM data and field 
surveys clearly identify the areas with primary, secondary 
and cultural vegetation, providing basic information for the 
assessment of the temporal evolution of land cover types 
since the first description of the vegetation of the study area 
in the beginning of the century (Kurtz 1904 ). 

The areas that retained stable communities are related to 
some kind of constrain for agriculture. Well-preserved 
areas are highly determined by geomorphology: abrupt 
relief or saline depressions, which protect them from hu
man activities such as farming. By contrast, the lowlands 
with quaternary sediments are mostly subjected to agricul
ture and post-agricultural cattle grazing. Only isolated 
patches of primary Chaco forests still remain, and most of 
the woody vegetation in the lowlands comprises secondary 
forests and shrublands. 

Future research in the area should focus on a compara
tive analysis between previous maps (Kurtz 1904; Sayago 
1969) and the maps based on TM imagery and new field 
surveys presented in this paper. This comparison will per
mit the construction of new maps showing the trends of 
change in plant communities and land cover types, their 
expansion or retraction, and their ranges in relation to 
logging, grazing, farming and abandonment. 
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Abstract. A set of 607 phytosociological releves from south
eastern Serbia, F.Y .R. Macedonia, and Greece was subjected 
to numerical classification and ordination. The results ob
tained were used as the basis for a syntaxonomic analysis of 
beech, beech-fir and beech-maple woods of the southwestern 
part of the Balkan Peninsula. The Doronico columnae-Fagenion 
suballiance, which comprises associations from Serbia, F.Y .R. 
Macedonia and high altitudes in north Greece, and the Doronico 
orientalis-Fagenion suballiance, with associations from north 
and central Greece were confirmed. These suballiances be
long to the alliance Aremonio-Fagion (order Fagetalia, class 
Querco-Fagetea). The results of ordination showed that the 
main directions of variation among the types of communities 
were most strongly correlated with latitude, altitude, and with 
the indicator values for nutrient and temperature. 

Keywords: Aremonio-Fagion; Balkan Peninsula; Numerical 
method; Querco-Fagetea; Syntaxonomy. 

Introduction 

In the southern part of the Balkan Peninsula a natural 
beechwood zone occurs most frequently from 800 to 1700 
m a.s.l., but in some places beechwoods form the timberline 
above 1900 m. However, these woods were considerably 
less known than the communities of beechwoods of Cen
tral and West Europe. At first all mesophilous bcechwoods 
occurring in the area from the southeastern Alps to Albania 
and Greece were included in the Fag ion illyricum (cf. So6 
1964 ). The distinct geographical differentiation of the as
sociations of this alliance was noted by Borhidi ( 1963, 
1965), who distinguished the association and geographical 
variants of some associations occurring in the southern part 
of the Balkans. Horvat et al. ( 1974) classified the beech, 
beech-fir and beech-maple woods occurring in the south
ern and middle parts of the Balkan Peninsula into a separate 
alliance - the Fagion moesiacae. In this alliance they 
placed only four broadly conceived zonal associations. 
Torok et al. ( 1989), who carried out a numerical revision of 
the Fagion illyricum alliance, found a clear distinctness of 
two associations from southeastern Serbia and assigned 
them to the Fagion moesiacae. These authors also pro
posed a new, correct name for the Fagion illyricum - the 
Aremonio-Fagion. 

Numerous phytosociological releves of beechwoods in 
the former Yugoslav Republic of Macedonia and Greece 
were made during the last 20 yr. These new data make it 
possible to conduct a more complete classification of woods 
in the southern Balkans. 

Material and Methods 

A set of 607 releves performed following the Braun
Blanquet approach was considered. They were made by 
different authors in the area from SE Serbia to central 
Greece - along ca. 500 km long geographical gradient. All 
releves comprised 690 species and subspecies of vascular 
plants. 

The releves were numerically classified using the 
unweighted pair-group method (UPGMA, SYN-TAX 5.0; 
Podani 1993) both with presence/absence data and with 
cover-abundance values on the Braun-Blanquet scale (the 
symbol + was replaced by 0.5). Dissimilarities between 
relevcs were calculated using Jaccard and Ruzicka formu
las, respectively. Releve groups were distinguished by 
comparing the two dendrograms obtained. All clusters 
composed of the same releves in the two dendrograms were 
considered. Only groups consisting of at least five releves 
were taken into account in the syntaxonomic analysis. The 
basis for the final classification of communities was 33 
groups made up of 513 relevcs. 

For analysing the geographical differentiation of com
munities the numbers of species of six phytogeographical 
groups (chorotypes) were calculated for all the releves. The 
mean characteristic indicator values (Landolt 1977) were 
calculated for all releves to characterize the environmental 
conditions of the communities. Moreover, altitude, lati
tude, and aspect were taken into consideration. 

Canonical variates analysis (CV A, CANOCO; ter Braak 
1988) was used to identify patterns of environmental and 
geographical variation between the groups of releves iden
tified by numerical classification. Forward selection and 
associated Monte Carlo permutation tests were applied to 
select those variables that explain most of the variance in 
the data. 

Results and Discussion 

A classification of communities based on the results of 
the numerical analysis is presented in App. I. Beechwoods 
communities from northeastern and central Greece were 
placed in the Doronico orientalis-Fagenion, which had 
been proposed by Raus ( 1980; cf. Bergmeier 1990). 
This suballiance is differentiated mainly by Subbalkan 
and Balkan species. The opposite group represents asso
ciations of beech, beech-fir and beech-maple woods 
from southeastern Serbia, F.Y.R. Macedonia, and high 
altitudes in north Greece (Fig. I). For these associations 
we proposed a new suballiance, Doronie<J columnae
Fagenion (Dzwonko et al. 1999), with Submediterranean, 
Mediterranean and Balkan differential species. It may 
be supposed that also the beechwood associations oc
curring in Albania and western Bulgaria belong to this 
suballiance. For the mesophilous beechwood associa
tion which most frequently occurs in F.Y.R. Macedonia 
and southeastern Serbia the name Doronico columnae
F agetum was suggested (Dzwonko et al. 1999). Only 
two associations from Serbia and F.Y.R. Macedonia 
represent the Epimedio-Fagenion and the Ostryo-Fagenion. 
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Fig. 1. Distribution of the associations and communities in
cluded in this study. Upper half filled square: Hyperico 
umbellatae-Fagetum; filled squares: Doronico columnae
Faxetum; lined squares: Campanulo-Fagetum; lower half filled 
squares: Aceri heldreichii-Faxetum; right half filled squares: 
Abieti-Fagetum; open square: Adoxo moschatellinae-Faxetum; 
crossed squares: Lu::,ulo-Fagetum; right half filled circles: 
Geranio striati-Fagetwn; lower half filled circles: Physo
spermo-Fagetum; filled circles: Lathyro alpestris-Faxetum; 
crossed circles: Orthilio secundae-Faxetum; lined circle: 
Fagus-Satureja grandiflora community; open circles: Fagus 
moesiaca communities; star: Helleboro odori-Fagetum; trian
gles: Aceri obtusati-Faxetum. 
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Fig. 2. Ordination of the releve groups along the first two CV A 
axes in relation to geographical variables and ecological indi
cator values. Numbers indicate communities listed in App. I. 
Symbols as in Fig. I. 

The CV A results indicate a very clear geographical and 
environmental pattern of differentiation between the dis
tinguished types of communities. All eight variables taken 
into consideration (latitude. altitude. aspect. indicator val
ues for nutrient, reaction. light, temperature and humidity) 
are significant (P < 0.01 ). The first CV A-axis distinctly 
separates the associations of the Doronico orientali.~
Fagenion from the associations and communities of the 
Doronico co/umnae-Fagenion (Fig. 2). This axis is strongly 
correlated with latitude (r = 0.99) and the indicator values 
for nutrient (r = 0.54). The second CV A-axis is most 
closely correlated with altitude (r = - 0.95) and indicator 
values for temperature (r= 0.67), and separates the associa
tions, variants and communities of both suballiances from 
higher and lower altitudes, while they are characterized by 
the lowest and highest indicator values for temperature. 

The clear floristic differences between the two sub
alliances under comparison are due to changes in the 
flora of beechwoods, proceeding from the north south
wards.Euro-Siberian, Euro-Asiatic, European and Central
European species are more numerous in the communities 
of the Doronico co/umnae-Fagenion, while Submediter
ranean, Mediterranean, Subbalkan and Balkan species 
occur more frequently in the communities of the Doronico 
orientalis-Fagenion (Table I). This suggests classifica
tion of beechwood associations into regional suballiances 
using phytogeographical species groups rather than eco
logical species groups. 

The presented classification is subject to future refine
ment, because not all the types of beech and beech-fir 
woods of the southern Balkans have been equally well 
examined, and intensive research is needed to obtain com
plete data. 

Acknowledgements. We thank to M. Matyjaszkiewicz for 
drawing the figures. This research was supported by KBN 
grant 6 P04C 069 I I for a period 1996-98. 

Table 1. Chorological spectra of the suballiances. Figures are 
mean species numbers in relevcs. SB: Subbalkan and Balkan; 
SM: Submcditerranean and Mediterranean; CE: Central Euro
pean; E: European; ES: Euro-Siberian and Euro-Asiatic; C: 
Circumpolar. 

Suhalliance SB SM CE E ES C 

Doronil'O columntte-Fagenion 3.2 3.7 6.1 6.1 7.3 3.6 
Doronico orientalis-Fagenion 5.1 5.6 3.2 4.4 3.6 2.7 
Epimedio-Fagenion 1.8 7.5 6.6 8.4 JO.I 6.1 
Ostryo-Fagenion 5.6 7.1 5.7 6.9 6.4 1.7 
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App. 1. Syntaxonomic classification of beech woods in the south-western part of the Balkan Peninsula. Authors of releves are given 
in parentheses. 1: Barbero & Quezel (1976); 2: Bergmeier (1990); 3: Dzwonko et al. (1999); 4: Em (1961); 5: Em (1974); 6: 
Gamisans & Hebrard (1980); 7: Habeck & Reif ( 1994); 8: Jovanovic (1955); 9: Karagiannakidou (1993); 10: Quezel (1967); 11: 
Quezel & Contandriopoulos (1965); 12: Raus (1980); 13: Rizovski & Dzekov (1990). 

Group 
number 

Name of community 

AII.Aremonio-Fagion (Horvat 1938) Torok, Podani et Borhidi 1989 
Suball. Doronico columnae-Fagenion moesiacae Dzwonko et al. 1999 

Ass. Hyperico umbellatae-Fagetum (Jovanovic 1955) Borhidi 1963 
rvpicum (Piceo-Fagetum serbicum Jovanovic 1955) 

2 /uzu/etosum (Abieti-Fagetum serbicum luzuletosum Jovanovic 1955) 

3 
4 
5 
6 
7 
8 
9 

10 

II 
12 
13 

Ass. Doronico co/umnae-Fagetum moesiacae (Jovanovic 1955) Borhidi 
ex Dzwonko et al. 1999 

pln-/lirerosum (Fagetum montanum serbicum ca/cicolum Jovanovic 1955) 
poetosum (Abieti-Fagetum serbicum poetosum Jovanovic 1955) 
typicum 
calaminthetosum 
cardaminetosum 
festucetosum 

Ass. Campanulo trichocalycinae-Fagetum moesiacae (Em 1961) Dzwonko et al. 
1999 
Ass. Aceri heldreichii-Fagetum moesiacae Jovanovic 1957 
Ass. Abieti-Fagetum moesiacae Horvat, Glavac et Ellenberg 1974 

cardaminetosum 
vaccinietosum 

Ass. Adoxo moschatellinae-Fagetum Quezel 1967 
Ass. lu:ulo luzu/oidis-Fagetum moesiacae Horvat, Glavac et Ellenberg 1974 

14 vaccinietosum 
15 galietosum 
16 11picum 
Suball. Doronico orientalis-Fagenion moesiacae Raus 1980 

Ass. Geranio striati-Fagetum Quezel et Contandriopoulos 1965 
17 variant of Southern Pindos 
18 variant of Sterea Elias 

19 
20 

21 

22 
23 
24 

Ass. Physospermo-Fagetum Quezel 1967 
euphorbietosum epithymoidis 
)uf?landetosum regiae 

Ass. lathyro alpestris-Faf?elum Bergmeier 1990 
variant of North Central and North East 
variant of Mt. Olimbos 
form with Physo.,permum cornubiense and Hedera helix 
form with Cora//orhiza trifida 
variant of East Central 

Ass. Orthilio secundae-Faf?etum (Barbero et Quezel 1976) Bergmeier 1990 
25 low altitude variant 
26 high altitude variant 

Faf?US sv!vatica-Satureja grandijlora community 
27 low altitude variant 
28 high altitude variant 
29 Fagus moesiaca community on moister soils 
30 Quercusfrainetto-Fagus moesiaca community 
31 Fagus moesiaca-Rubus canescens community 
Suball. Epimedio-Fagenion Marincek et al. 1993 
32 Ass. Hel!eboro odori-Fagetum (A.O. Horvat 1959) So6 et Borhidi in So6 1962 

(Fagetum montanum serbicum silicicolum Jovanovic 1955) 
Suball. Ostryo-Fagenion Borhidi 1963 
33 Ass. Aceri obtusati-Fagetum Fabijanic, Fukarek et Stefanovic 

ex Fukarek, Stefanovic et Fabijanic 1967 

No. of releves 
and authors 

12 (8) 
11 (8) 

13 (8) 
21 (8) 

46 (3, 4, 13) 
15 (13) 

7 (3) 

5 (13) 
8 (4) 

JO (3) 

9 (5) 
11 (5) 

6 (10) 

5 (3, 4) 
6 (13) 
8 (3) 

10(11) 
II (I) 

8 (10) 
9 (I) 

55 (2, 6) 

23 (7) 

12 (7) 

12 (12) 

58 (I, 2, 6, 12) 
JO (7) 

21 (2) 
15 (7) 

6 (12) 
8 (12) 

25 (9) 

JO (8) 

27 (3, 13) 
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Abstract. The occurrence of forest floor plant species was 
recorded on 68 forest sites, half of them on diluvial sand in 
Jutland and half of them on clayey moraine on the island of 
Zealand, Denmark. Species numbers were smaller in Jutland 
than on Zealand. On Zealand, species numbers were higher in 
forests originating from before 1768 compared to forests 
established in the J 9th century, whereas such differences were 
not visible among the Jutland sites. However, in both regions 
ancient and recent forests showed differences with respect to 
categories of seed dispersal. Recent forests had more long
distance adapted species whereas ancient forests had more 
species without such adaptations. The present study suggests 
that one of the most important factors affecting forest species 
richness in Danish deciduous forests is continuity and proxim
ity to ancient forests. It has been possible to identify quite 
common species as good indicators of forest continuity, though 
these seem more reliable in the eastern part of Denmark where 
soils are less sandy than in the western part, and where the 
landscape has been more intensively exploited over centuries 
than in Jutland. Analyses using seed dispersal types have also 
been shown to be valuable, and it seems that seed dispersal 
may be extremely important in determining potential species 
composition and richness of recent forests. Although data 
from whole stands were used to assess the response of species 
to isolation, there was a close relationship between stand level 
and quadrat level results. This suggests that surveys using 25 
m x 25 m quadrats may be sufficient to draw conclusions about 
forest continuity, at least on soils which potentially may hold a 
rich flora. 

Keywords: Forest continuity; Fragmentation; Seed dispersal; 
Species diversity. 

Nomenclature: Hansen 1981. 

Introduction 

Forest continuity and landscape fragmentation have 
been shown to be important for many forest vascular plant 
species in countries neighbouring Denmark: Great Britain 
(Peterken & Game 1984 ); Belgium (Hermy & Stieperaere 
1997); Poland (Dzwonko & Loster 1989); Sweden (Brunet 
1993); The Netherlands (Grashof-Bokdam 1997) and Ger
many (Wulf 1997), but no such studies have so far been 
reported from Denmark itself. Denmark is quite special in 
this respect, because the deciduous forests have had a high 
degree of continuity and stability over the last two centu
ries. Existing forest boundaries were largely established in 
1804, and so the forests have occupied the same sites for 

200 yr and probably much longer. There has been an 
increase in total forest cover from 2% to 12% in the last 200 
yr, but this is predominantly due to plantations of intro
duced conifers. As the rest of northwestern Europe, the 
forest landscape is highly fragmented and local populations 
of forest species are presumed to be quite isolated from 
each other. However, almost all forests in Denmark are 
intensively managed, which makes it likely that manage
ment has had as much influence on the flora as have 
landscape scale processes. This study aims to describe the 
role of landscape fragmentation on forest vascular plant 
species in two regions of Denmark, and to identify any 
effects of landscape fragmentation on the forest flora. 

Material and Methods 

Forests in two regions (one in Himmerland in Jutland, 
the other in Hornsherred on Zealand) were surveyed for 
220 forest species (species having forest as their main 
habitat according to Hansen 1981 ), each species was as
signed a frequency from I to 5 in both a quadrat of 25 m x 
25 m and in the entire stands (sizes ranging from I - 20 ha), 
and environmental variables were measured in the field or 
read from maps. Ancient forests in this study were taken as 
those recorded on maps from the late 18th century; recent 
forests have originated since then (all of them originated in 
the beginning of the 19th century). Detrended Correspond
ence Analysis (DCA) was used to elucidate factors of 
major influence to the vegetation, and type of dispersal and 
lateral spread have been applied to the data set to detect the 
role of species traits on their distribution in the fragmented 
landscape. 

Results 

Ordination 
There were large differences between the two regions, 

and the data were processed separately. On Zealand, only 
edaphic variables were important at the scale of 25 m x 25 
m; at the stand level, edaphic parameters were strongly 
correlated with DCA-axis I while the isolation and fragmen
tation variables were correlated with DCA-axis 2 (Table I). 
Species number was also correlated with axis 2 and showed 
close correlations with the isolation and forest size meas
ures. Ancient and recent forests were divided into two 
groups along axis 2, as did stands on morainic clay and 
glaciotluvial sand, and it has proved difficult to separate 
the effects of these two factors. As there were only six 
recent forests included and even these on different soil 
types, it was not possible to divide the data set. A new 
study will elucidate the relative roles of soil parent mate
rial and forest continuity. 

In the Jutland data the ordination showed no differ
ences between the two levels investigated (quadrats and 
stands), and there was no obvious separation of edaphical 
variables and landscape related variables onto different 
axes at the stand level (Zealand). DCA-axis 2 seems to 
reflect differences in tree species composition: the Fagus
dominated stands in the densely forested area (Rold Skov) 
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Table 1. Significant correlations (Spearman rank correlation 
coefficient) between environmental and isolation variables 
and the first two axes of two DCA ordinations on the different 
scales of the Zealand data set; results are given at both quadrat 
and stand levels. Significant differences in groupings along 
the axes between ancient and recent forests and between those 
on clayey moraine and glaciotluvial sands/gravels are also 
indicated(*= p < 0.05; ** = p < 0.01; *** = p < 0.001; Mann 
Whitney's U). Correlations with Ellenberg values have been 
tested on the basis of species distributions in the ordination. The 
columns to the right show correlations between the measured 
variables and with species numbers in quadrats and stands. - No 
significant correlation or difference. 

Quadrats Stands 

DCAI DCA2 DCAI DCA2 

(U.17 0.199 0.175 0.113 Eigenvalue Correlation 

-1.208 2.35-1 1.862 2.05_1 Axis length Species numher/ 

I 1.7 18.6 13 21.4 Cum. 'It- Variance Quadrat Stand 

0.46 0.55 0.4-1 Dist. to forest complex -0.50 066 

Dist. to ancient forest -0.62 -0.63 
---1).44 Deciduous forest si1:c 0.46 0.50 

-(U8 Topography 

0.68 -(U6 0.57 0.37 pH 

Fag us 

Quen·us 

Acer 

-0.47 Species no. Quadrat 0.75 

-0.56 Species no. Stand 0.75 

Diff. ancient - recent foresh 

Diff. clay - sand 

Ellenberg-Light 

0.41 0.55 Ellcnhcrg-Tcmperature 

Ellenberg-Continentality 

Ellenberg-Moisture 

(U8 0.27 Ellcnherg-Rcaction 

0.35 0.41 El lcnhcrg-N itrogcn 

were situated at one extreme, whilst small Quercus-scrubs 
with various other tree species were at the other. These had 
often a limited continuity, but recent forests contained both 
beech plantations and stands derived from natural regen
eration. Table 2 shows that distance to ancient forest was 
correlated with species number for each stand. The correla
tion between topography and species number can also be 
interpreted in a historical context, as it is more likely that 
hilly areas were deforested to a lesser degree than flat 
areas. Former scrubs were more similar to recent forests 
than to ancient ones. 

Seed dispersal and clonality 
The species number in the stands was markedly lower 

in recent than in ancient forests in the Zealand data set, but 
this did not apply to the forests in Jutland (p = 0.22; Mann 
Whitney U). However, abundances for species with clonal 
growth had higher values in ancient forests than in 
recent forests in both regions (Zealand: p = 0.027; Jut
land p = 0.025; Wilcoxon Signed Rank Test). whereas 
species without clonal growth did not show a significant 
difference (Zealand: p = 0,970; Jutland: p = 0.19; 
Wilcoxon Signed Rank Test). This indicates that, al
though many species with clonal growth were able to colo-

Table 2. Significant correlations (Spearman rank correlation 
coefficient) between environmental and isolation variables and 
the first two axes of two DCA ordinations on the different scales 
of the Jutland data set. For further explanation see Table I. 

Quadrats Stands 

DCAI DCA2 DCAI DCA2 

0.420 (U40 0.316 0.188 Eigenvalue 

3.170 4.423 2.267 2.095 Axis length Species number 

12.6 22.1 16.6 26.5 Cum. ck Variance Quadrat Stand 

0.68 0.63 0.52 Dist. to forest complex 

0.35 0.36 Dist. to ancient forest -0.40 -0.38 

-0.69 -0.63 Forest size 

-0.68 -0.62 Deciduous forest siLe 

Topography 0.43 0.34 

pH 

-0.56 Fag us 

0.36 !U6 0.39 Qucn·us 

!U5 0.49 Ulm us 

0.38 (l.35 Ater 

Fra.rinus 

0 37 0.49 Cory/us 

Samb1U·us 

0.42 0.37 Popu/us 

S,Jrhus 

Species no. Quadrat 0.49 

Species no. Stand 0.49 

Diff. ancient - recent forests 

Di ff. recent forest - scrub 

Diff. ancient forest - scrub 

Ellenherg-Light 

Ellenhcrg-T cmperaturc 

Ellenberg-Continentality 

(U6 Ellenherg-Moisture 

0.44 0.40 Ellenberg-Reaction 

0.45 0.37 Ellenberg-N utricnts 

nize the recent forests, they have not yet reached the same 
abundance as in the old forest, where they have had more 
time for clonal growth. 

A clear tendency for both regions is also obvious 
when comparing species with different types of adapta
tions to seed dispersal (Table 3). Species which are as
sumed to disperse over long distances by adhesion to 
animals (epizoochorous) or by wind (WINDm) do not have 
a significantly lower species number in the recent forests, 
whereas species regarded to be short distance dispersers as 
the myrmecochores, unspecialized and short distance wind 
(WINDc) dispersed species are significantly fewer. This 
would be expected if seed dispersal distance is the main 
factor responsible for colonization of recent forests. 
Endozoochorous species show a significant difference on 
Zealand but not in Jutland. In this study, all plants with 
fleshy fruits are considered endozoochorous; they are often 
considered as bird-dispersed and hence long-distance dis
persed. The main difference in the Zealand data, however, 
is due to Lonicera periclymenum, Majanthemum bifolium 
and Polygonatum multiflorum (in 43% of the ancient and 
17% of the recent forests). The latter two are probably not 
dispersed by birds, and may instead be species which are 
adapted to dispersal by mammals which are not far-rang
ing. Mueller-Schneider ( 1977), for example, points out that 
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Table 3. Minimum, maximum and mean number of species 
belonging to each type of dispersal group. Unspecialized 
species show no adaptations for dispersal by animals or wind; 
WINDc are wind-dispersed plants but usually over short 
distances; WINDm are wind-dispersed with minute seeds. 
The last column indicates significant differences between 
means(*= p<0.05, ** = p<0.01, *** = p<0.001; paired i-test 
where possible, otherwise Wilcoxon Signed Rank Test). For 
information on categories, see Text. 

Ancient New 

I! Min. Max Mean Min. Max. Mean Diff. 

Zealand 
Species number 88 16 41 30.00 IO 19 14.50 *** 
Epizoochorous 14 2 10 6.93 3 7 5.17 
Endozoochorous 16 I 9 3.39 0 2 1.17 ** 
Myrmecochorous 20 2 10 6.32 0 4 2.00 *** 
Unspecialized 16 2 10 6.39 I 4 3.00 ** 
WINDc 7 I 4 2.79 0 I 0.33 ** 
WINDm 14 I 8 3.68 I 6 3.00 
Aquatic dispersal I 0 I 0.64 0 0 0.00 

Jutland 
Species number 90 9 40 23.42 12 28 19.20 
Epizoochorous 13 I 6 3.11 I 6 2.8 
Endozoochorous 13 I 8 4.47 2 6 4 
Myrmecochorous 17 I 9 3.42 I 3 1.8 ** 
Unspecialized 18 2 8 3.32 0 3 1.6 ** 
WINDc 7 I 4 2.11 0 2 I 
WINDm 20 I II 5.11 2 7 5 
Aquatic dispersal 2 0 I 0.05 0 0 0 

we do not know any dispersers for Majanthemum bifolium. 
These species do not show any affinity to ancient wood
land in Jutland, though they are all quite common 
(Polygonatum multiflorum occurs in 53% of the ancient 
and in 40% of the recent forests). This seems to contradict 
the explanation that these species do not disperse well, 
but for Lonicera and Majanthemum an alternative expla
nation may lie in their ability to persist in non-intensively 
managed areas (heathlands and grasslands): the region in 
Jutland has had less intensive agriculture for centuries 
than that on Zealand. 

Carex pilulifera, Milium effusum, and Trientalis 
europaea which are normally thought of as short distance 
dispersers seem to be independent of forest continuity in 
both regions; an explanation for this may be found through 
new investigations of dispersal strategies of forest plants. 
Only the results from stand level are shown here, but the 
same differences were seen at the quadrat level. 

Indicators of long forest continuity 
More species characteristic of ancient forests were 

found on Zealand than in Jutland. Part of the reason for this 
is that the stands in Jutland were generally more species
poor than those on Zealand. However, the less intensive 
agricultural use of the Jutland region with larger heathland 
and meadow systems preserved compared to the Zealand 
region may also play a crucial role to species survival 
outside their natural habitat - the forest - when the areas 
were deforested. None of the recent forests contained 
Stellaria holostea or Melica uni.flora in the quadrats, 
stressing their potential as evaluation tools for forest 

Table 4. Species found in more than 50% of the ancient forests 
(Anc) and less than 25% of the recent forests (Rec), or in more 
than 33% of the ancient forests and none of the recent forests. 
Dispersal type is determined from seed morphology. The table 
gives % for stands, but species which are common enough to 
show the same pattern at the quadrat level are marked with an 
asterisk. Hydro = Hydrochorous dispersal; for other abbre
viations, see Table 3. For information on categories, see Text. 

Zealand Jutland 

Anc Rec Anc Rec 

I! 28 6 19 5 

Dispersal type o/c % % % 
Me/ica uniflora Myrm. 93 17 26 0 
Ow/is acetosella Unspec. 89 17 95 60 
Ste/laria ho/ostea Unspec. 86 17 95 20 
Viola riviniana Myrm. 68 17 II 0 
Mercurialis perennis Myrm. 64 17 II 20 
Carex remota Hydro. 64 0 5 0 
Rumex sanguineus Unspec. 64 0 16 0 
Scrophu/aria nodosa WINDc 61 0 21 20 
Vicia sepium Unspec. 57 0 II 0 
Roegneria canina Epizoo. 54 0 II 0 
Gagea /urea Myrm. 46 0 21 0 
Hordelvmus europaeus Epizoo. 43 0 0 0 
Lonicera periclymenum Endozoo. 43 0 63 60 
Majanthemum hifolium Endozoo. 43 0 74 80 
Ranunculus auricomus Myrm. 36 0 32 0 
Primula elatior WIN De 36 0 0 0 
Veronica montana Unspec. 36 0 0 0 
Lu:ula pilosa Myrm. 36 0 84 60 
Adoxa moschatellina 1 Myrm. 21 0 37 0 
Ga/ium odoratum Epizoo. 93 100 42 0 

1 Muller-Schneider ( 1977) suggested that Adoxa moschate//ina is dispersed 
by snails; this species has been added to the myrmecochores instead of 
endozoochores. 

continuity. Anemone nemorosa, which by many authors 
has been described as a good ancient forest indicator 
(Hermy 1994) did not show any affinity to ancient forest 
when looking at presence/absence data in this study. 
However, the abundances of this species were markedly 
higher in the old forests on Zealand compared to the new 
ones, which indicates that the cover of Anemone nemorosa 
is a better indicator of forest continuity in Denmark than 
the presence of this species. This is in accordance with 
Swedish studies demonstrating the slow colonization rate 
of Anemone nemorosa (Brunet & Oheimb 1998). 
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Abstract. Preliminary results of studies on the tl01istic and 
community diversity of xerothcrmic grassland on the 
Proszowice Plateau (Malopolska Upland, southern Poland) 
are presented. This area has been subject to anthropogenic 
pressure since the Neolithic. Stands of xerothermic grassland 
cover less than 5% of the area under study. They form habitat 
islands (refugia) among agricultural fields with a very rich flora, 
including rare and endangered species of various relic geo
graphical elements, e.g. Pontic-Pannonian, Irano-Turanian and 
Mediterranean. Their existence is conditioned by specific site 
conditions and extensive management, especially burning. 

Keywords: Braun-Blanquet method; Festuco-Brometea; Geo
graphical clement; Habitat condition; Human intervention; 
Numerical method. 

Nomenclature: Mirek et al. ( 1995) for plants; Pawlowski et 
al. ( 1966) for syntaxa. 

Introduction 

In connection with the man-made, rapid changes in the 
vegetation cover of Central Europe in the last 30 yr (e.g. 
Fukarek 1979; Kornas 1983 ), and a general decrease in 
biological diversity in various ecosystems on the scale of 
the whole world (e.g. Anon. 1992; McNelly 1992), re
gional surveys of biodiversity have become an urgent task. 
The Proszowice Plateau (Malopolska Upland, southern 
Poland) is a region of ancient human settlement and inten
sive agriculture dating back to the Neolithic (Kruk et al. 
1996). In this area, severely deforested and now mainly 
covered by fields, stands of xerothermic grassland, i.e. sec
ondary plant communities supported by human intervention, 
occur as islands in the agricultural matrix. They are refugia 
for many plants (and animals), some of them rare or endan
gered and representing interesting geographical elements. 

Since the share of xerothermic grassland in the agricul
tural landscape is small, and its biotic significance 
disproportionally high, we wish to know the factors main
taining its diversity, phytosociological and geographical 
variability, and floristic composition. The aim of this study 
was to find relationships between the typological variation 
of xerothermic grassland and natural site conditions (sub
stratum, exposure and declination), often modified by man's 
management practices. 

Material and Methods 

The investigations were carried out in an area hitherto 
not well studied, neither floristically nor syntaxonomically. 
The Proszowice Plateau is situated near Krakow (Fig. I), 
in the zone of the Old Hills and Highlands (Malopolska 
Upland). This area of 770 km2 has features typical of an 
agricultural landscape. Its wide and unforested hills of an 
altitude of up to 300 m consist of Miocene deposits overlain 
by loess (Kondracki 1978). Fertile chernozem on loess 
made this region one of the earliest settlement centres and 
a place of intensive agriculture in Poland (Kruk et al. 
1996). The slopes and gentle hillock summits are covered 
by arable fields, occupying ca. 80% of the area, while in the 
wide and shallow stream valleys moist meadows predomi
nate ( 13% ). Isolated stands of xerothermic grassland occur 
in places not used for agriculture: on steep escarpments 
between fields, stream banks, and the steep slopes of hills 
and gullies. 

The floristic composition of plant communities was in
vestigated in 1997 in representative stands of xerothermic 
grassland occurring on various geological substrata, using 
the Braun-Blanquet (1964) approach. In total, 100 phyto
sociological releves (of sample plots of 50 m2) were made. 
Associations were determined on the basis of the observa
tional-comparative method and numerical classification, 
i.e. minimum variance clustering based on Euclidean dis
tance (MULVA4 by Wildi & Orl6ci 1990), following rules 
elaborated by Wildi ( 1989). The results of classification 
were imposed on a releve ordination diagram obtained with 
Principal Component Analysis (CANOCO package; ter 
Braak 1988, see also Gauch 1982). 

Fig. 1. Map of the Proszowice Plateau and distribution of 
xerothermic grasslands: 1 = Thalictro-Salvietwn pratensis; 
2 = Sisymbrio-Stipetum capi/latae; 3 = Brachypodietum 
pinnati; 4 = Jnuletum ens1foliae; 5 = Cretaceous marls and 
limestone; 6 = loess. 
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Results and Discussion 

On the basis of the phytosociological survey three 
xerothermic associations of the Festuco-Brometea and one 
plant community dominated by Brach)podium pinnatum 
were distinguished. The associations are: Sisymbrio
Stipetum capillatae, Thalictro-Salvietum and Inuletum 
ensifoliae (Fig. 2a). The community with Brachypodium 
pinnatum has an intermediate character between the 
Thalictro-Salvietum and the Inuletum ensifoliae. 

Among them the most common association is the 
Thalictro-Salvietum. Stands of this association are found 
on a Ioess substratum on W, S, or SW exposures and have 
inclinations of 40- 50° (70°) (Figs. 1, 2a). The Thalictro
Salvietum is characterized by considerable floristic rich
ness; on average 30 species may be found here, including 
Elymus hispidus s.l., Salvia pratensis, Campanula 
bononiensis, Thalictrum minus and Veronica austriaca. 
and in some cases also Salvia nemorosa (Fig. 2b, Table I). 

On Cretaceous marls or limestone, on west- and south
west-facing slopes of 30-40° inclination, stands of lnuletum 
ensifoliae develop (Fig. I, 2a). Among character species, 
besides Inula ensifolia, one can find here such rare plants 
as linum .flavum, L. hirsutum, Reseda phyteuma, Senecio 
integr/folius andAsteramellus, and also Carex humilis and 
Avenula pratensis. (Fig. 2b, Table I). This association is 
also rich, having 40 species/stand on average. On rarely 
occurring gypsum Sisymbrio-Stipetum develops (Fig. I, 
2a). The stands of this association are connected with 
south-facing slopes of 40' inclination. Besides Stipa 
capillata other character species are: Sisymbrium poly
morphum, F estuca valesiaca, Oxytropis pilosa, Silene otites 
and Veronica praecox (Fig. 2b, Table I). Sometimes arc 
intermediate stands of xerothermic grassland with the domi
nation of Brachypodium pinnatum, related both to Thalictro
Salvietum, and to Inuletum ensifoliae. (Figs. 1, 2a). This 
community represents non-specific impoverished stands 
of xerothermic grassland with species such as Ononis 
spinosa, Carlina acaulis, Melampyrum arvense, Falcaria 
vulgaris, Fragaria viridis and Phleum phleoides (Fig. 2b, 
Table I). Probably they are less frequently (or irregularly) 
burnt in comparison with other described associations. 

Very rarely and only on steep escarpments in the Vistula 
valley bed, a successional plant community with Cerasus 
fruticosa develops, in which also Rosa gallica grows abun
dantly. The xerothermic grasslands cover less than 5% of 
the Proszowice Plateau. In its composition many 
xerothermic species (including protected ones) of relic 
geographical ranges ( e.g. Pontic-Pannonian, Irano-Turanian, 
and Mediterranean) may be found (Table 1 ). As a rule they 
are rare, both on the scale of the region (Zaj~c et al. 1998), 
as well as the country (Zaj~c et al. 1997), and, unfortu
nately, under the threat of extinction. 

Ordination of the releves (Fig. 2a, b) shows that the most 
important factor affecting the typological variability of the 
xerothermic grassland in the area studied is the kind of 
substratum. Axis I is correlated with the kind of substra
tum; the left part with gypsum, central with loess, and right 
with marl. Axis II displays a relation to soil humidity 

Table 1. Phytocoenotical spectra and geographical elements 
(in part after Hulten & Fries 1986; Meusel et al. 1965; Walter 
& Straka 1970) of plant species occurring in habitat islands of 
xerothermic grassland on the Proszowicc Plateau. 

Species /Geographical element S-St Th-Sa Br In 

Pon tic-Pannonian 
Achil/ea pannonica .r .r .r .r.r 

Adonis t'enwlis .r .t.r 

Anthericum ramosum .r.r 

Asparagus officina/is .r .r .r 

Aster amel/us .r 

Astmgalus cicer .r 

Campanula hononiensis 
Cmnpanula sibirica .r .r .r .r.r 

Falcaria \'lllgaris t .r.r .r.r 

l,11,la ensifo/ia .r.r 

Linum hirsutwn X 

Linumjlmwn .r 

Melampyrum an·ense .r .r.r xx 
O.n-tmpis pi!osa .r 

Phleum ph/eoides .r.r xx .r 

Pote11tilla heptaphy//a .r 

Prune/la grandiflora .r xx 
Rosa gallirn .r 

Tmwcetum corymhosum .r 

Veronica austriaca xx .r .r 

Veronica praecox .r 

lrano-Turanian 
Hypoclweris maculata .r 

Safria nemorosa .r.r .r 

Sisymhrium poly111017Jhum xx 

Mediterranean 
Elnnus hispidus .r.r xx .r .r 

Orrlumtha /urea .r X 

Reseda ph_Yleuma .r 

Silene otites .r 

Central European 
Anthy!/is l'U!neraria .r .r .r.r 

Braclnpodium pinnatum .r xx \"X 

Carlina acaulis .r .r xx 
Ge11tia11el/a ci!ima .r 
Pote11tilla alba .r 

Eurosiberian 
Anemone sylrestris .r .r 

Artemisia campestris .r.r .r 

F estuca t'a/esiaca .r.r .r .r 

Fragaria ,·iridis _u .U X 

Orchis militaris .r 

Sent'cio i11tegrifbli11s .r 

Tlwlictrum minus X xx 

Pontic-Pannonian-Central-Asiatic 
Carer humilis xx 
Stipa capil/ata xx .r 

Br= Brachypodietum pi111wti; In= !nu!etum ensif<1/ioe; St= Si.nmbrio-
Stipetum capillatae; Th-Sa = Thalictm-Sah·ietum pratensis (.r - occur-
rence. xx --0ptimum occurrence). 
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Fig. 2. Ordination of releves (PCA) with imposed results of classification (minimum variance clustering and Euclidean distance): A. 
Ordination of releves: 1 = Thalictro-Salvietum pratensis, 2 = Sisymbrio-Stipetum capillatae, 3 = Brachypodietum pinnati, 4 = 
Inuletum ens1foliae. B. Species loadings (eigenvectors); species abbreviations: achilpan = Achillea pannonica, agrimeup = 
Agrimonia eupatoria, agrotcap = Agrostis capillaris, angelsyl = Angelica sy/vestris, anthram =Anthericum ramosum, anthyvun = 
Anthyl!is vulneraria, artemvul = Artemisia vulgaris, aspeucyn =Asperula cynanchica, avenupra = Avenula pratensis, brachpin = 
Brachypodium pinnatum, brizamed = Bri;:,a media, bromuine = Bromus inermis, campaglo = Campanula glomerata, campasib = 
Campanula sibirica, cerextla = Carex flacca, carexhum = Carex humilis, carexspi = Carex spicata, carliaca = Carlina acaulis, 
centajac = Centaureajacea, centarhe = Centaurea rhenana, centasca = Centaurea scabiosa, conslreg = Consolida regalis, convoarv 
= Convolvulus arvi:'llsis, coronvar = Coronilla varia, dactglo = Dactylis glomerata, diantcar = Dianthus carthusianorum, echiuvul = 
Echium vulgare, elymhisp = E/ymus hispidus, elymurep = Elymus repens, equisarv = Equisetum arvense, erigeace = Erigeron acer, 
euphoesu = Euphorhia esula. falcavul = Falcaria vulgaris, festurub = Festuca rubra, festurup = Festuca rupico/a, festutra = Festuca 
trachyphylla, filipvul = Filipendula vulgaris, fragavir = Fragaria viridis, galiumol = Galium mol/ugo, helian-o = Helianthemum 
omtum, hypohmac = Hypochoeris maculata, inulaens = /nu/a ens/folia, lavatthu = Lavathera thuringiaca, leuctvul = Leucanthemum 
vu/gare, linumcat = Lin um catharticwn, linumtla = Lin um flavum, lotuscor = Lotus corniculatus, medics-f = Medicago falcata, 
melamarv = Melampyrwn an•ense, ononispi = Ononis spinosa, poa pra = Poa pratensis, potencin = Potentilla cinerea, primuver = 
Primula 1·eris, prunegra = Prunella grandiflora, ranunacr = Ranunculus acris, rhinaa-g = Rhinanthus glaber, rosa can - Rosa canina, 
rubuscae = Rubus caesius, salvinem = Salvia nemorosa, salviver = Salvia vertici/lata, sangumin = Sanguisorba minor, scabioch = 
Scabiosa ochroleuca, stachrec = Stachys recta, tanaccor = Tanacetum corymbosum, thesilin = Thesium linophyllon, thymug-g = 
Thymus glahrescens. trifomon = Tr/fi1lium 111011ta11wn, verbalych = Verbascum lychnitis, veroncha = Veronica chamaedrys, viciacra 
= Vicia cracca. 

(depending on soi I thickness); the upper part of the diagram 
represents dry sites with e.g. Campanula sibirica and 
Festuca rupicola, and the lower part more mesophilous 
sites with e.g. Dactylis glomerata, Angelica sylvestris and 
Ranunculus acris. 

The degree of xerothermic grassland preservation de
pends on factors impeding the succession, both natural and 
anthropogenic. The natural factors include steep slopes, 
shallow and eroded soil, while the anthropogenic factors 
include especially burning, and, to a lesser degree, grazing 
and mowing. The grasslands are burnt in the early spring 
and late autumn. Fire removes decayed plant remnants and 
eliminates the ~eedlings of trees, but does not destroy 
regenerative buds of perennials, which lie deeper. 

The xerothermic plant communities in the Proszowice 
Plateau show. in ~pite of their relatively small total area and 
insular distribution, a large number of rare and endangered 
plant species of relic geographical ranges (e.g. Pontic-

Pannonian, Irano-Turanian, and Mediterranean elements). 
Because the xerothermic grassland is a semi-natural plant 
community supported by (diminishing) extensive land use, 
there it is an urgent need for developing measures for active 
protection to maintain its biological diversity. 
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Abstract. The Countryside Council for Wales is undertaking 
survey, inventory and analytical work to develop conservation 
programmes for wet woodlands. This paper describes a multi
variate analysis of 266 quadrat samples from 90 wet wood
lands distributed throughout Wales. Detrended Correspond
ence Analysis (DCA) was used to determine the main axes of 
tloristic variation, and correlations of species scores with 
Ellenberg numbers were used to give ecological interpreta
tions to these axes. Communities and sub-communities char
acterised in the British National Vegetation Classification 
(NYC) grouped reasonably well in the ordination diagrams. 
suggesting that the classification system broadly accommo
dates much of the tloristic variation of these woodlands in 
Wales. An extension of this analysis to include additional 
environmental factors, and the application of these results to 
conservation, are discussed. 

Keywords: Detrended Correspondence Analysis; Ellenberg 
numbers; National Vegetation Classification; Plant commu
nity; Wetland. 

Introduction 

Wet woodlands occur widely on waterlogged or season
ally wet soils. and in Wales usually have Alnus glutinosa, 
Salix cinerea or Betula pubescens as the dominant species. 
Often they are successional habitats on bogs, fens, wet 
grasslands or lake margins. True floodplain forests have 
been lost, but fragmented remnants of woodland occur on 
riversides and as small inclusions on otherwise deforested 
floodplains. Wet woodlands also occur on flushed hillsides 
where they may form mosaics with dry woodland types. 

The conservation value of wet woodlands has often been 
overlooked within the UK. Compared with dry woodland 
types there is relatively little known about their ecology, 
and the colonisation of woodland in open herbaceous 
wetland habitats has often been actively discouraged. Re
cently, awareness of wet woodlands and their biodiversity 
value has been raised. Residual alluvial forest is a priority 
habitat in the EU Habitat and Species Directive (Council 
Directive 92/43/EEC) and there is interest in re-creating 
floodplain forests at appropriate British localities (Peterken 
& Hughes 1995). The UK Government has published a 
Habitat Action Plan for Wet Woodlands (Anon. 1998), as 
part of its commitment to the Rio Convention (Anon. 
1992). This Plan includes targets for wet woodland conser
vation, restoration and re-establishment across the UK. 

In Wales, a programme of survey and inventory is in 
progress to produce better information on the status and 
floristic composition of wet woodlands. This paper de
scribes a preliminary analysis of these data to explore the 
floristic variation within wet woodlands, and considers the 
effectiveness of the British National Vegetation Classifica
tion (NYC) (Rodwell 1991) in accommodating this varia
tion. Potential applications of the results to conservation 
are outlined. Plant community codes and names follow 
Rodwell ( 1991 ). 

Methods 

Since 1991, the Countryside Council for Wales (CCW) 
has undertaken extensive surveys using the NYC. Their 
purpose has been to aid the development of conservation 
programmes by providing quantitative descriptions of the 
community composition of broadleaved woodlands and 
other semi-natural habitats in Wales. In addition, they 
provide data for analyses of relationships between vegeta
tion and environment. 

The data employed here derive from surveys covering a 
range of woodland types (Castle & Mileto 1994, 1995, 
1998; Alexander 1996). Within each woodland, homoge
neous stands of vegetation were identified and mapped. 
Stands were then placed within NYC communities (if 
possible) by use of keys provided in Rodwell (1991 ); 
British wet woodland communities are listed in Table I. At 
least one releve was recorded per stand, and at least five if 
community identification was in any way problematic. 
Each releve consists of a 4 m x 4 m quadrat within which 
the abundance of all vascular plant and bryophyte species in 
the ground and field layer was recorded using the Domin 
scale; the canopy and shrub composition was recorded in an 
extended 50 m x 50 m quadrat. Species occurring in more 
than one vegetation layer (e.g. trees as seedlings, saplings 
and canopy components) were recorded separately. 

Samples recorded from wet woodland communities were 
extracted for analyses from the NYC survey datasets, giving 
a total of 266 quadrat samples from 90 woodland sites 
throughout Wales. Detrended Correspondence Analysis 
(DCA) was used to identify the axes of greatest variation in 
the floristic data set, implemented with CANOCO version 
3.12 (ter Braak 1988 and subsequent updates) with down-

Table 1. Wet woodland communities characterised in the 
National Vegetation Classification (Rodwell 1991 ). 

Community Community Sub-

code name communities 

WI Salix cinerea - Gali um pa lustre woodland 

W2 Salix cinerea - Benda pubescen.,· - Phragmites 

austra/is woodland 
W3 Salix pentandra - Carex rostrata woodland 
W4 Betula puhescens - Molinia caerulea woodland 
W5 Abws glutinosa - Carex pa11icula1a woodland 
W6 Ah,us glutinosa - Urtica dioica woodland 

W7 Ahws glutinosa - Fraxinus excelsior -

Lysimmhia nemorum woodland 
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Table 2. Summary of Spearman rank correlation coefficients 
of DCA species axis scores with Ellenberg indicator numbers. 
The most significant values (p < 0.0 I) are shown in bold-face. 

Ellenberg indicator 

DCAaxis L T K F R N 

0.38 0.14 0.25 0.33 -0.37 -0.44 
2 0.12 0.28 0.04 0.45 0.33 0.24 

-0.22 0.20 -0.09 -0.14 0.24 0.25 
.j 0.26 0.09 0.01 0.12 0.16 0.17 

L = Light; T = Temperature: K = Continentality: F = Soil moisture; R = pH: 

N = Nitrate/nutrient. 

weighting of rare species. Ellenberg numbers (Ellenberg et 
al. 1991) have been shown to be reasonably successful as 
environmental predictors in studies of British vegetation 
(Thompson et al. 1993; Hawkes et al. 1997). and species 
scores for each DCA axis were correlated with their corre
sponding Ellenberg numbers (Spearman rank correlation) to 
give ecological interpretations to the DCA axes. Ordination 
diagrams for sites were plotted showing the NYC communi
ties assigned to each quadrat recorded in the surveys. 

Results 

The first two DCA axes together explained I 2.6'7r of the 
variation in the data-set; the third and fourth together ex
plained only a further 6.1 o/c and are not considered in detail 
here. Strong correlations were found between the species 
scores of all axes and Ellenberg numbers (Table 2). In the 
context of western Europe, Axis I may be interpreted as 
primarily a gradient from high to low pH and nutrient status. 
and increasing light; Axis 2 appears to represent a gradient of 
increasing soil wetness, pH, nutrient status and temperature. 
The first two DCA axes are plotted in Figs. I and 2. The wet 
woodland NYC communities (Table I) overlap consider
ably but some occupy discrete areas within the ordination 
diagrams. The upper left of Fig. I, representing conditions of 
high pH and nutrient status is occupied by samples of W6 
A/nus gluti11osa-Urtica dioica woodland. W4 Betula 
pubescens-Molinia caerulea woodland occupies a fairly 
discrete area at lower right, characterised by conditions of 
low pH and low nutrient status. The upper centre of Fig. I 
represents relatively light conditions and variable base status 
and pH, and there is considerable overlap among the W2 
Salix cinerea-Betula pubescens -Phragmites australis wood
land, WI Salix cinerea-Galiwn woodland and W5 A/nus 
gluti11osa-Carex pcmiculata communities. The single sam
ple from Salix pentandra-Carex rostrata woodland W3 falls 
to the right of this cluster. 

The most commonly recorded community was W7 A/nus 
glutinosa-Frcvdnus excelsior-Lysimachia nemorum wood
land. Samples from this community lie within the lower 
left of the ordination diagrams which may be interpreted as 
representing relatively dark and dry conditions. Fig. 2 shows 
the community split into its constituent sub-communities. 
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Fig. 1. DCA ordination diagram (Axes I and 2) for wet 
woodlands in Wales. Each point represents a quadrat sample; 
allocation of the samples to NYC communities is indicated. 

which separate along Axis 2. The Urtirn dioica sub
community (W7a) and the Deschampsia cespitosa sub
community (W7c) occupy the upper and lower halfs of this 
axis respectively, with the Carex remota-Cirsium palustre 
sub-community (W7b) overlapping both. 

Discussion 

The positions of the NYC communities within the ordi
nation diagrams largely corroborate what is known of their 
ecology. and suggest the classification system accommo
dates most floristic variations within wet woodlands in 
Wales. The overlap between the communities W2 Salix 
cinerea-Betula pubescens-Phragmites austral is woodland, 
WI Salix cinerea-Galium pa lustre woodland and W5 A/nus 
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Fig. 2. DCA ordination diagram (Axes I and 2) for wet 
woodlands in Wales showing division of W7 Abuts glutinosa
Fraxinus excelsior-Lrsimachia nemorum woodland into sub
communities. Each point represents a quadrat sample. 
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glutinosa-Carex paniculata woodland revealed by DCA 
suggests that further work may be required to fully charac
terise these communities in Wales. W5 Alnus glutinosa
Carex paniculata woodland is usually considered to be a 
very distinctive community, but is poorly defined in the 
ordination diagram The identification of this community 
rests heavily on the dominance of large Carex species. In 
Wales, C. paniculata is not common in woodlands, and 
other large Carex species arc considered to replace it, 
notably C. acutiformis. The lack of coherence of these 
Alnus-Carex stands in the ordination diagrams indicates 
that they may have affinities to a variety of other communi
ties, and that it is simplistic to consider 'W5' as it has been 
recorded for conservation assessments in Wales. In con
trast, WI Salix cinerea-Galium palustre woodland is often 
regarded as a loosely defined and species poor community, 
occurring as a widespread early successional phase on wet 
mineral soils in a range of situations. But the ordination 
clumps the WI records fairly closely, suggesting more 
ecological coherence to this community than previously 
suspected and indicating a need to consider the community 
in more detail in conservation assessments. Salix pentandra
Carex rostrata woodland W3 has to date been recorded at 
only one locality in Wales (Hall 1997; Castle & Mileto 
1998). It is notable that the single sample from this stand 
falls in a marginal part of the diagram, suggesting that this 
rare community may be ecologically distinct and a priority 
for conservation efforts in Wales. 

The W7 A/nus glutinosa-Fraxinus excelsior-Lysimachia 
nemorum community is associated with relatively shaded 
and dry conditions. The community indeed has close affini
ties with drier woodland types, and may develop through 
succession to Fraxinus woodland (Latham & Blackstock 
1998). The abundance of samples from this community 
reflects the frequency of long-established woodlands in the 
survey coverage, where it often occurs in mosaics with 
drier woodland vegetation. W7 sub-communities appar
ently separate according to nutrient status, and there is a 
suggestion of a continuum with the much rarer A/nus 
glutinosa-Urtica dioica woodland which replace W7 sam
ples at high values on axis 2. If this is so, conservation 
assessements ofW6 and W7 in Wales need to be carried out 
in a coordinated way. 

The analyses summarized here could be extended by 
adding environmental, anthropogenic and other variables 
(including soil type and parent materials, climatic factors, 
woodland age, isolation, topographic situation and grazing 
management) to give a better indication of the prevailing 
influences on wet woodland floristics in Wales. Analysis of 
spatial relationships among communities and their land
scape setting would provide a wider ecological perspective 
on this habitat. 

The main mechanism for the statutory protection of sites 
for nature conservation in Wales is the series of Sites of 
Special Scientific Interest (SSSls). Sites are selected so 
that the best examples of semi-natural vegetation types are 
represented within each of 12 'Areas of Search' in Wales 
(Blackstock et al. 1996). The majority of the wet woodland 
samples used in this analysis come from sites already 

notified as SSSis. Future surveys will sample non-pro
tected sites also, to ensure the full range of site conditions 
is accommodated. A better understanding of wet woodland 
floristics, and the relationships between communities will 
help to refine the series and improve the protection of wet 
woodlands. The UK Government's Biodiversity Action 
Plan has targets to expand wet woodland cover; knowledge 
of the relationships between wet woodlands and other 
semi-natural habitats will help to ensure that this will be 
undertaken in an ecologically informed way. 
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Abstract. Plant species and communities are often used as 
bio-indicators for pH, nitrogen, light or other factors. One bio
indicator system is the Ellenberg system of indicator values 
for Central Europe. The validity in other areas has been 
confirmed by several authors, but so far not in Denmark. In 
this study the correlation between Ellenberg reaction values 
and measured pH values is reviewed for 158 plant species 
occurring in Danish forests, and used for the calibration of the 
original indicator values. 

In total 30 species differed with 2 units, and seven species 
with 3 units. In addition, 20 indifferent species were assigned 
averaged indicator values. New calibrations should regularly 
be carried out to improve the original indicator values. The use 
of indicator values seems a promising avenue for synthesis 
and integration of species response and community ecology, 
also in Denmark. 

Keywords: Calibration; Indifferent species. 

Introduction 

One main topic in vegetation ecology is vegetation 
changes along environmental gradients. All species and 
plant communities respond to habitat factors in a specific 
way. When a few dominant environmental factors and long 
gradients are provided, the species response curves are 
likely to follow a unimodal form (0kland 1990). It is then 
possible to define ecological optima and amplitudes, and 
we can use the species as diagnostic taxa of certain plant 
communities and as indicators of environmental condi
tions. The ability of many plants to indicate the value of an 
environmental variable can be used to calculate average 
indicator values for sample plots. The species indicator 
system of Central European plants was developed by Heinz 
Ellenberg in the l 950's (see Ellenberg et al. 1992), for 
light, soil moisture, continentality, temperature, nitrogen 
and reaction. These indicator values express the relative 
response of plant species in their natural environment as 
compared to other species. Usually these average indicator 
values are assumed to represent good estimates of the 
values of the environmental variables studied, also outside 
Central Europe, and this has been observed in some studies 
(e.g. Vevle & Aase 1980; Mountford & Chapman 1993; 
Thompson et al. 1993; Diekmann 1994, 1995; Sas tad & 
Moen 1995; Diekmann & Dupre 1997; Hawkes et al. 1997; 
Hill & Carey 1997; Hill et al. 1999). 
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The strong relation between indicator values and socio
logical-ecological species groups was reported by van der 
Maarel ( 1993). In this study we compare and calibrate 
Ellenberg reaction values with Danish quantitative data 
and discuss the applicability in Danish forest ecosystems. 

Material and Methods 

Study area 
Data on forests were compiled from all Denmark, except 

Bomholm island, and grouped into (I) a prediction data set 
and (2) a test-data set. All available quantitative studies in 
beech, oak and coniferous forests, mainly from literature 
sources from before 1997 were compiled in the prediction 
data set. For all plots pH was provided, although the 
method of measurement was not always explicitly given. 
When several pH-values were available, pH(H,0) was 
used. Plot size was usually larger than IO m2. The test data 
set contained data collected in 1997 throughout the country 
mainly in beech, oak and conifer forests, in 16-m2 plots 
(Mark & Lawesson, this volume). In each plot, three soil 
samples were collected and mixed. pH was determined 
using 5 g of dried soil with IO g of destilled water -
pH(H20) -, and IO g I M CaCl 2-solution - pH(CaCl2) -, 

respectively. Measurements were carried out with a 
pHM240pH/Ionmeter, Radiometer, Copenhagen. 

Methods of data evaluation 
The two data sets were edited with the software package 

TURBOVEG, vers. 1.06 (Hennekens 1996). The average 
indicator value for reaction (R) on the ordinal scale from 
1-9, from strongly acidic (scale unit I: pH < 3.4) to 
alkaline (9: pH> 7), were calculated based on the unweighted 
averages of the indicator values of all species present in 
each individual plot. The average indicator values for all 
plots from the prediction data set were regressed with the 
measured pH, in an ordinary linear regression model in the 
programme EXCEL, and the rounded predicted values Rpre 
at a confidence level of 95% were considered as the im
proved Danish indicator values. These new Rpre values 
were then compared with the species indications from each 
of the plots included. The original values (Ellenberg et al. 
1992) however, were only replaced if two conditions were 
fulfilled: (I) The species in question should have its opti
mum in forest, and (2) Rpre should deviate with more than 
one unit on the indicator scale. In both cases were the new 
calibrated Rpre assigned to these species. The original, and 
the new set of improved Ellenberg values were then ap
plied to the independent test data set. A linear regression 
model was applied to compare the application of the two 
sets of Ellenberg values. 

Results 

Prediction data set 
In total 158 plant species from 897 plots complied with 

the requirements for inclusion in the analysis. The number 
of species per plot varied from I to 73 (mean 11 species). 
The correlation between calculated R for the samples and 
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Table 1. Species for which the improved indicator values 
deviated with (a) 3 units or (b) 2 units from the original 
Ellenberg values. Given are the average pH in plots, the 
original indicator values, and the new, improved values. 

Species Average pH Ellenberg R New R 

a. 
Cirsium palustre 5.9 4 7 
Galium verum 4.5 7 4 
Holcus mollis 4.8 2 5 
Polrpodium rn/1;are 4,6 2 5 
Pulmonaria obscura 4,6 8 5 
Pyrola minor 5,3 3 6 
Ribes a/pinum 5,0 8 5 

b. 
Actaea spicata 6,9 6 8 
Agrostis canina 4.6 3 5 
Agrostis gi1;a11tea 4.5 7 5 
A/lium o/eraceum 5,0 7 5 
A/nus incana 5,3 8 6 
Anemone ranw1culoides 5,3 8 6 
Betula pubescens 4,9 3 5 
Bromus ramosus 5,9 5 7 
Calwnagrostis anmdinacea 4,3 6 4 
Cardaminopsis arenosa 4,0 6 4 
Carex elongata 5,8 7 5 
Cirsium oleraceum 6,1 7 5 
Cor,dalis ca\'{/ 5,3 8 6 
Crataegus monogyna 5,4 8 6 
Crepis paludosa 5,6 8 6 
Demaria bulbifera 7,2 7 9 
Festuca altissima 5,2 4 6 
Gagea .1pathacea 4,5 7 5 
Lamiastrum galeobdolon 5,0 7 5 
Larhwus linifolius 4,6 3 5 
Lonicera periclymenum 4,6 3 5 
Ma/us s_vfrestris 4,9 7 5 
Mercurio/is perennis 5,5 8 6 
Platanthera bifolia 4,5 7 5 
Prunus ai•iwn 4,9 7 5 
Prunus padus 4,6 7 5 
Sorbus torminalis 4,7 7 5 
Trientalis europaea 4,5 3 5 
Vaccinium myrtillus 4,3 2 4 
Viola reichenbachiana 4,8 7 5 

the pH values showed a significant correlation (r = 0,610, 
p < 0.00 I). For seven species, the difference between Rand 
Rp,c was 3 units (Table I a), for 30 species it was 2 units 
(Table I b ). In addition, Danish R values were calculated 
for 20 indifferent species (Table 2). 

Test data set 
The independent data set used for test of the improved 

Ellenberg indicator values, as compared with the original 
ones, contained 176 plots, and 174 species. The number of 
species per plot varied between 2 and 31 (mean IO species). 
All correlations between the measured pH and the calcu
lated mean indicator values for the plots were highly sig
nificant (Table 3), yet the pH(CaCl3) produced a better 
correlation, and the improved indicator values based on 
Rp,e' were better predictors of pH than the old R. The 
standard errors of prediction (SE) showed the same pattern 
(Table 3). 

Table 2. Indifferent species according to the Ellenberg 
system, for which predicted values have been calculated. 
Given are the mean, maximum and minimum pH in plots, 
and new predicted indicator values; values for Sweden 
(Diekmann 1995) are also erovided. 

Species Mean pH Max pH Min pH NewR Sweden 

Acer plaw11oides 5,1 5.8 3.9 5 7 
Acer pseudoplatanus 5,4 7,0 2,7 5 
Cerastiumfontanum 6,4 8,0 5.6 5 
Convallaria majalis 4,6 7.6 2.6 4 5 
Corvlus al'ellana 5,3 7.8 3.6 5 5 
Dactvlis 1;/omerata 5,4 8.0 3,9 5 5 
Festuca rubra 4,5 6,2 3,9 4 
Filipendula ulmaria 5,8 7,8 4.5 5 7 
Fraiaria \'esca 5,3 7.2 4.0 5 5 
Geum rivale 6.5 7,1 5.5 6 7 
Geum urhanum 6,0 8,0 4.0 5 7 
Juniperus communis 4,8 7.6 3.8 4 4 
Melicu nutans 5,7 7.5 4,6 5 5 
MYCelis mural is 4,9 7,9 2,8 5 5 
Paa pratensis 5, I 7,8 3,7 5 
Populus tremula 4.8 7,1 3.7 4 5 
Quercus robur 5,2 7,9 2,6 5 5 
Taraxacum officinale 5,9 8.0 3.5 5 
Veronica chamaedrys 5,5 8.0 4.0 5 5 
Veronica hederifolia 6,4 8,0 5.2 5 

Discussion 

The significant correlation between pH and the average 
unweighted values based on Ellenberg et al. ( 1992) shows 
the high quality of Ellenberg's system, even outside Central 
Europe, which was also confirmed in studies elsewhere. 
Among the 30 species in which Rp,e deviated with 2 units 
(Table 2) species such Actaea spicata. Bromus ramosus 
and Dentaria bulbifera had higher improved indicator val
ues (7 - 9), while a lower improved indicator value (5 - 6) 
was shown by several species (e.g. Allium oleraceum, 
Corydalis cava, Crepis paludosa and Prunus padus). For 
some species (e.g. Lathyrus linifolius, R = 5), the results 
are in accordance with Diekmann ( 1995 ), who also pro
vided new indicator values for some species. Equal values 
were thus found for Dactyl is glomerata ( R = 5 ), and many 
indifferent species such as Juniperus communis (R = 4), 
Cory/us avellana, Fragaria vesca, Melica nutans, Mycelis 
muralis and Quercus robur (R = 5 ), whereas differences of 
2 units were found for Acer platanoides, Filipendula ulmaria 
and Geum urban um. This is, however, not so surprising, as 

Table 3. Correlations between actual soil reaction - pH(H 10) 
and pH(CaCl0 ) - and indicator figures for soil reaction fora 
test data set, -with correlation coefficient (R), and standard 
errors of prediction (SE) for pH. Indicator values are based on 
Ellenberg's original indicator values (Ellenberg et al. 1992) 
and improved values from this study. All correlations are 
highly significant (p < 0.001 ). 

Indicator values 

pH(H 20) 

pH(CaCl,J 

Original Improved 

SE SE 

0,346 0.140 0,424 0,090 

0,380 0, 120 0,477 0,081 

"' 
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the forest types studied in Sweden by Diekmann (1995) 
mainly belonged to the boreo-nemoral zone, while our 
study is confined to the nemoral zone. Some of the devia
tions between the original and improved values may be 
because Ellenberg did not explicitly include the species 
response to management, nor biotic effects such as compe
tition with other plants and herbivory. Furthermore, al
though composed of many plots, the two Danish data sets 
may be biased as concerns representativeness of Danish 
forests and regions in Denmark. The majority of plots are 
from beech and oak forests and fewer from conifer planta
tions, while important forest types such as those with 
maple, lime, ash and hornbeam forests are largely ignored. 
This is the result of traditions in Danish vegetation science 
(Lawesson 1998). It should also be remembered that 
Ellenberg's system is supposed to be valid for the species in 
their whole ecological range, also outside forests, which is 
the vegetation type we studied. A more complete analysis 
with species in all Danish plant communities would thus be 
more comparable with the original Ellenberg system. Never
theless, our study confirms that the Ellenberg system still is 
reliable and a useful concept and tool for vegetation studies 
in Denmark, but with space for improvements and addi
tions, especially for the many species considered indiffer
ent or without indicator values in Ellenberg et al. ( 1992). 
We suggest that the range and average indicator value for 
indifferent species, are further studied, as it may be sus
pected that many of the species assigned R values by 
Ellenberg may actually be more indifferent (having wider 
tolerances) than several so-called indifferent species. 

Furthermore it is recommended that the many species 
without indicator values are examined and given an indica
tor value for the different factors in the Ellenberg system. It 
may here be relevant to conclude, that there is a consider
able variation of measured pH. This is seen in other similar 
studies as well ( e.g. Diekmann & Dupre 1997), and stresses 
the great ecological plasticity of many plant species and 
communities. 

New and updated calibrations of ecological indicator 
values should be carried out regularly, both in Central 
Europe and elsewhere. As more and better data are col
lected, and with modern computer power, this is an easy 
task. In this connection, it is most relevant to investigate 
how the optima of species will change due to for instance 
acidification and eutrophication. The application of eco
logical indicator values in Denmark, instead of incidental 
measurements, thus represents a promising avenue of syn
thesis and integration, of both functional species response 
(Diekmann & Lawesson 1999) and community ecology. 
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Abstract. A vegetation description of the southern part of the 
Baja California peninsula, NW Mexico, is presented. Three 
major vegetation types are distinguished, two of which occur 
in the Cape region of Baja California, the xerophilous Sonoran 
desert type and the dry tropical type. According to a PCA
ordination the plant communities of the Cape region can be 
arranged along both an altitudinal gradient. According to a 
cluster analysis six species groups are distinguished. 

Keywords: Biogeographic trans1t10n; Clustering; Ecocline; 
Ordination; Sarcocaulescent shrubland; Sonoran Desert; Suc
culent vegetation. 

Nomenclature: Shreve & Wiggins (1964); Wiggins (1980). 

Introduction 

The Cape Region forms the southern tip of the arid Baja 
California Peninsula, Mexico. The lowland environment 
has both tropical and xerophytic features. Tropical decidu
ous forest (TDF) occupies the foothills of the mountains, 
and Cape Sarcocaulescent Shrubland (CSCS) the alluvial 
plains. This region borders the southernmost sectors of the 
Sonoran Desert region of Baja California Peninsula .. Early 
descriptions of flora and vegetation of the Cape Region 
were given by Brandegee ( 1892) and Shreve ( I 937). The 
CSCS occupies an intermediate position along the geo
graphic and environmental gradient between the TDF and 
the Sonoran Desert Sarcocaulescent Shrubland (SDSS). 
Our major objective was to analyse the floristic and 
physiognomic attributes of the CSCS to understand the 
nature of the vegetation transition between the xerophytic 
communities of central Baja California and the dry tropical 
environments of the Cape foothills. 

We started from the hypothesis that, because of the 
presence of a large geologic discontinuity separating the 
granitic Cape Region from the northern volcanic ranges of 
the Sierra de Ia Giganta (Schmidt 1990), different environ
mental conditions prevail at either side of the transition, 
and the presence of different species pools (CSCS being 
more linked to the TDF, while SDSS being part of a large 
corridor of subtropical and temperate arid ecosystems), 
CSCS can be separated from SDSS vegetation types by 
different floristic composition and vegetation structure. 

Material and Methods 

We sampled 33 vegetation plots ( I 000 m2 each): I 5 in 
TDF, 12 in CSCS, and six in SDSS. Table I shows the 
general characteristics for each site. In each plot we 
recorded all perennial species and measured the height 
and canopy cover of each individual tree and shrub. For 
each species in each location, we calculated mean height, 
canopy cover, and density of individuals. Each species 
was classified as either of two life forms: trees (Tr) and 
shrubs (Sh). A general ranking table was made for each 
species in each community, considering frequency (the 
rate of presence in particular locations), mean height, 
mean individual density, and mean canopy coverage. A 
relative importance value (RIV) was calculated for each 
species as the average of the relative values of these four 
variables (Mueller-Dombois & Ellenberg 1974). Following 
Goldberg (1982), we arcsine-transformed each variable 
prior to analysis. 

Using a presence-absence data matrix for 105 species 
and data from Table I, we carried out a Principal Compo
nents Analysis (PCA) to detect floristic gradients that 
were related to environmental variation, and a numerical 
classification of species to detect guilds of plants with 
similar distribution types. For the PCA we used the cross
product matrix as our resemblance measurement, after 
having transformed our data by applying Gower's dou
ble-centering procedure. In order to identify non-trivial 
axes, we subsequently performed a broken-stick distribu
tion test on the resulting component (Jackson 1993). The 
PCA-analysis was carried out with the public domain 
program ORDEN, developed by Exequiel Ezcurra. In the 
case of the numerical classification, we used the squared 
Euclidean distance calculated on the untransformed pres
ence-absence data as the measure of similarity between 
species. The clustering procedure was done using the 
minimum variance procedure of the program MYS plus 
2.1 a (Kovach 1993) 

Results 

The PCA produced only two non-trivial axes: Axis I and 
Axis 2 accounted for 16.8% and I 0.4% of the variation in 
the data set, respectively (Fig. I a). Both axes produced a 
typical multivariate arch configuration, with the TDF sites 
in one extreme of the arch and the SDSS sites in the other. 
Most of the CSCS sites occupied an intermediate position, 
although some were located near the SDSS sites. The first 
axis was significantly related to altitude (r2 = 0.68; Fu 1 = 
66.3; P<0.00001), and rainfall (r2=0.50; F 1 31 = 31.3; P< 
0.00001 ). The second axis, responsible for the curvature of 
the arch, was not related to any environmental factor, but it 
was negatively correlated with the site species richness (r2 

= 0.24; F1 31 = 9.7; P = 0.004). This correlation simply 
indicates that the sites at the extreme of the arch (all SDSS 
and some dry CSCS locations on one side, and a few TDF 
locations on the other) have lower species richness than the 
locations in the center of the gradient, where TDF and 
CSCS meet. 
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Table 1. Geographical and environmental characteristics of 
each of the sampling locations for the Cape Region (CSCS and 
TDF) and Sonoran Desert (SDSS). Rock= rockiness (scale 0 
to 5); Dens. = no. of individuals; S = species richness. 

Lat. Long. Alt. Rain T Slope Rock Dens. s 
(m) (mm) (OC) (0) 0-5 

cscs 
I 24° 08' 110° 18' 20 245 23.9 3-5 0 297 25 

2 24° 04' I 10° 29' 150 230 23.8 5-8 2 395 36 
3 23° 28' I 10° 11' JOO 160 21.9 4-6 I 361 24 
4 23° I I' I 10° 07' 30 260 22.0 5-6 0 557 28 
5 23° 48' I 10° 17' 80 160 21.9 2-4 0 304 15 
6 23° 42' 109° 32' 30 210 23.1 6-9 2 270 40 
7 23° 02' 110° 10' 70 205 24.0 6-8 2 348 33 
8 23° JO' 110° 06' 60 255 22.0 7- JO I 510 32 
9 24° 05' 110° 12' 50 270 23.8 15- 18 4 614 25 
10 23° 02' 109° 40' 20 280 23.7 5-8 I 276 32 
II 23° 45' 109° 42' 40 255 23.7 12-16 3 299 24 
12 23° 25' 110° 32' 120 260 23.6 6-9 0 302 21 
13 23° 45' I 10° 40' 70 150 21.9 4 to7 0 231 23 
14 23° 42' I 10° 20' 80 160 21.9 2-4 0 298 28 
15 24° 15' I 10° 18' 100 2JO 23.6 6-8 0 287 35 

Mean 64 221 23.0 7.2 I 357 28.1 
S.D. ±114 6.6 

TDF 
16 23° I 3' 109° 40' 220 410 22.6 12- 16 I 658 45 
17 23° 29' 109° 58' 580 300 23.5 18-22 3 341 24 
18 23° 26' 109°47' 370 295 23.5 8- 10 I 509 32 
19 23° 28' 109° 48' 450 305 23.5 9- 13 3 225 28 
20 23° 16' 109° 51' 230 390 22.3 17 -22 3 217 23 
21 23° 42' 110° 08' 450 370 2 I .4 20-23 3 476 28 
22 23° 50' 110° 10' 670 400 21.5 25-28 4 303 27 
23 23° 29' 109° 46' 450 305 23.5 7- JO I 385 24 
24 23° 28' I 10° OJ' 450 500 22.7 8-9 I 235 18 
25 24° 08' I I0° I I' 500 395 21.5 26-29 3 354 28 
26 23° 3 I' 109° 58' 550 510 22.7 21 -24 4 178 18 
27 23° 29' I 10° 00' 450 510 22.7 27-30 4 487 35 

Mean 384 391 22.6 18.0 2.6 364.0 27.5 
S.D. ±145 7.4 

SDSS 
28 24°13' I 09°53' 105 210 22.6 32-34 4 281 14 
29 24°28' 110°21' 90 170 22.4 29-35 5 155 23 
30 24 °47' 110°42' 170 110 22.4 17-22 3 187 23 
31 24°12' I 10°12' 60 125 22.7 21 -25 3 226 21 
30 24°15' 110°17' 45 135 22.6 7-9 4 255 15 
33 27°32' 113°31' 70 100 20.9 4 -5 0 200 12 

Mean 90 142 22.2 20.0 3.1 217.3 18.0 
S.D. ±46 4.9 

Several species are strongly linked with a PCA-axis (Fig. 
1 b). Along Axis I Jatropha cuneata (JC), Olneya tesota 
(OT) and Pachycereus pringlei (PP) show strong links with 
the sites with negative scores (mostly SDSS and dry CSCS 
sites), whereas Pachycereus pecten-aboriginum (PG), 
Karwinskia humboldtiana (KH) and Tecoma stans (TS) 
show strong links with sites at the opposite end of Axis 1 
(i.e. TDF). Along axis 2, a group of species strongly related 
to sites in the middle of the arch (CSCS and TDF) showed 
up, including Bourreria sonorae (BS), Lysiloma candida 
(LC) and Adelia virgata (AV). All these species are com
mon in the CSCS type. 

The cluster diagram of the numerical classification de
tected six distinct groups of species with clearly identifi
able field distributions ( diagram not shown). Table 2 shows 
seven species for each group, selected on the basis of their 
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Fig. 1. Principal Component Analysis (PCA) biplot. a. Site 
ordination, locations for each community encircled. b. Species 
ordination: 
Aeschrnomene nivea (AN) Adelia 1·irgata (AV) 
Atamisquea emarginata (AE) Bourreria sonorae (BS) 

Bursera microphy//a (BM) Bursera odorata (BO) 
C_n-tocwpa edulis (CE) Erythrinaflahel/iji,rmis (EF) 
Hyptis s.l. (H) Jatropha cinerea (JC) 
Jatropha cuneata (JU) Karwinskia humho/dtiana (KH) 

Larrea tridentata (LT) L_vsiloma candida (LC) 

Lysiloma dimricata (LD) 0/neya teosota (OT) 
Pachycereus pecten-ahoriginum (PG) Pachycereus pring/ei (PP) 
Plumeria arntifo/ia (PA) Senna atomaria (SA) 

Simmondsia chinensis (SC) Stenocereus gummosus (SG) 

Stenocereus thurheri (ST) Tecoma stems (TS). 

conspicuousness and ease of identification in the field, 
together with their RIV values within each vegetation type. 
Most of the clusters are made of sets of species that are 
present in more than one community. 

Cluster III (20 species, mostly trees) is composed of 
species with a high importance value (RIV) in TDF, al
though the same species also may appear in CSCS and to a 
limited extent also in SDSS. Lysiloma divaricata (the most 
important tree species in TDF) and Plumeria acutifolia are 
disjunct species from the dry tropical areas of mainland 
Mexico, and their presence here is an indication of that 
kind of environment. Other species, although typical plants 
of TDF, also appear occasionally in CSCS, e.g. Erythrina 
flabelliformis, Pachycereus pecten-aboriginum and Senna 
atomaria. The TDF sites are located in the highest places, 
which receive high levels of rain (up to 500 mm/yr), and in 
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Table 2. Species composition of six clusters resulting from the cluster analysis (dendrogram not presented). Seven representative 
species of each group are shown with their relative importance value (RIV) and standard deviation. Frequency is the number of plots 
where a taxon was present out of the total number of plots (33). Tr= tree; Sh= shrub. 

Group I (7 species) 
Tr Bursera microphylla 
Tr Cvrtocarpa edulis 
Sh Jatmpha cinerea 
Sh Opuntia cholla 
Tr Pach_l'Cereus prinilei 
Sh Stenocereus gummosus 
Tr Stenocereus thurberi 

Group II (9 species) 
Sh Adelia viriata 
Sh Bourreria sonorite 
Tr Colubrina l'iridi.1· 
Sh Cordia bre,·ispicata 
Sh Ferocactus s.l. 
Tr Fouquieria diguetii 
Tr Lvsiloma rnndida 

Group Ill ( 20 species) 
Tr Erythrinajlabe/liformis 
Tr Ka1wi11skia lwmboldtiana 
Tr Lysiloma di\'aricata 
Tr PaclnTereus pecten-aboriginum 
Tr Plumer/a acutifolia 
Tr Senna atomaria 
Sh Tecoma stam 

Group IV (11 species) 
Sh Aeschrnomene ni\'ea 
Tr Bursera odoratu 
Sh Caste/a peninsularis 
Sh Euphorbia ca/ijim1ica 
Sh Jatropha cuneata 
Sh Krameria s. I. 
Tr 0/ne_rn teosota 

Group V (18 species) 

Sh 
Tr 
Sh 
Sh 
Tr 
Sh 
Tr 

Coursetia glandu/osa 
Esenbeckia fta\'a 
Haematoxv/011 brasiletto 
Hyptis s. /. 
Lop/wee reus sc/wttii 
Mimosa brandegeei 
Pithecel/obium confine 

Group VI (40 species) 
Sh Arncia pacensi.1 
Sh Atamisquea emarginma 
Sh Fouquieria burraiei 
Sh Haplopappus sonoriensis 
Sh Larrea tridelltata 
Tr Prosopis articulata 
Sh Simmondsia chinensis 

TDF 

7.1 ± 1.5 
10.3 ± 3.5 
14.5 ±5.7 
7.2 ± 1.3 
4.7 ± 2.7 
6.9± 1.4 
9.6± 1.5 

7.9± I.I 
5.1 ± 1.7 
10.3 ± 2.7 
4.7 ±2.1 
4.4 ± 3.4 
9.2 ± 2.1 
10.2 ± 2.9 

6.7 ± 1.6 
7.4 ± I.I 
12.4±5.2 
8.3 ± 2.5 
6.4 ± 1.6 
8.6 ±0.3 
9.5 ± 1.2 

5.1 ± 1.3 
5.1 ±2.1 
4.1 ± 1.6 
6.2 ± I.I 
7.5 ± 2.2 
2.5 ± I.I 
5.6±2.1 

7.7 ± 1.4 
7.6 ± 1.2 
4.9 ± 2.3 
4.5 ± 1.2 
2.2± 1.8 
9.7 ± 3.1 
7.6 ± 1.9 

2.2 ± 1.4 

moderately rocky environments (see Table I). 

cscs 

11.8 ± 3.9 
11.1 ± 3.8 
15.5 ± 7.1 
10.7 ±4.5 
8.1 ± 1.5 
11.3±3.9 
6.9 ± 1.8 

7.1 ± I.I 
5.6 ± 1.5 
7.5 ± I.I 
4.9 ± 1.7 
4.3 ± 2.9 
10.8 ± 3.3 
7.6 ± 0.8 

2.7 ± 1.7 
4.4 ± 1.9 

3.4±2.1 

3.6±2.1 
3.0 ± 2.7 

5.5 ± 2.4 
7.1 ±0.9 
5.8 ± 1.5 
7.2 ± 1.5 
12.9 ± 6.9 
4.9 ± 0.5 
7.4±2.5 

3.6 ±1.2 
4.1 ± 1.6 
7.1 ±0.7 
6.8 ± 1.7 
4.1 ± 1.6 
6.4 ± 0.7 
4.8 ± 1.2 

3.9 ± 1.2 
4.0±2.1 
3.9 ± 1.5 
2.2 ± 1.4 
3.6 ± 1.5 
6.3 ± 1.3 
2.8 ± 1.7 

Clusters I and II are formed by species with high RIV 
values that are widely and uniformly distributed in all the 
sampled locations. Group I is composed of widespread and 
dominant species including sarcocaulescent trees (Bursera 
microphylla, Cyrtocarpa edulis and Jatropha cinerea) and 
columnar cacti (Pachycereus pringlei and Stenocereus 
thurberi). Group II is formed by widespread but codominant 
species such as Fouquieria diguetii and Lysiloma candida 
with RIV values somewhat lower than those of Group I. 

SDSS Frequency 

10.9 ±1.8 
6.4 ± 3.4 
8.1 ± 2.4 
12.7 ± 1.9 
9.8 ± 1.7 
10.4 ± 4.1 
6.3 ± 2.1 

5.6 1.9 
7.6 1.2 
6.7 2.1 

4.1 ±2.2 
10.5± 1.3 
8.4 ± 2.3 

5.9 ± 1.7 

13 

11.7 ± 1.7 
6.7 ± 0.9 

5.8 ± 1.2 

5.7 ± 1.6 

5.9 ± 1.8 
6.6±2.1 

4.3 ± I.I 
4.4 ± I.I 
8.7 ± 2.1 
4.5 ± 1.7 
9.6 ±4.2 

5.2 ± 3.1 

23 
20 
25 
26 
22 
21 
24 

15 
16 
12 
11 
12 
19 
15 

9 
12 
7 

5 
8 

13 

13 
15 
8 

13 
10 
6 
9 

7 
9 
9 
9 
5 

12 
6 

3 
5 
4 
3 
4 
5 
4 

Cluster IV is heterogeneous. Most of the species (i.a. 
Aeschynomene nivea, Olneya tesota and Bursera odorata) 
have higher RIV values in SDSS than in CSCS, although in 
the desert communities the same species may appear with 
stunted growth and in dwarf form. 

Cluster V is formed by plants that appear mostly in both 
CSCS and TDF and to some extent also in SDSS. This 
cluster appears to be nearly a replica of Cluster III but with 
lower RIV values. 

Cluster YI is composed of species of low frequency of 
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occurrence, mostly present in CSCS and SDSS. Of these 
species, most occur with higher RIV values in SDSS than 
in CSCS (Larrea tridentata, Atamisquea emarf?inata and 
Sinunondsia chinensis); they are typical Sonoran Desert 
species. 

Vegetation structure also differed significantly between 
TDF, CSCS and SDSS. Plants in TDF were higher, denser, 
and their canopy size was larger, while plants in SDSS 
were shorter, less dense, and had smaller canopies. The 
CSCS showed intermediate characteristics. 

Conclusions 

The Cape Sarcocaulescent Shrubland vegetation is dif
ferent from sarcocaulescent shrublands of the more north
ern zones of the Baja Californica peninsula, where Sonoran 
Desert floristic affinities prevail. The floristic composition 
of CSCS is rich in species with dry-tropical affinities, its 
species richness is higher. The type is homogeneous in its 
species content and turnover, and it is denser and has a 
higher canopy than the northern desert shrublands. In con
clusion, the boundary line separating the Cape sediments 
of granitic origin from the basalt-derived sediments of the 
Sierra de la Giganta to the north should be used as an easily 
identifiable landscape characteristic to delimitate this unique 
community. 
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Abstract. High nature values in forests are usually associated 
with low management impact and long forest continuity. Indi
cators of such past and present conditions are useful for 
monitoring purposes, and much needed. We therefore sampled 
vegetation, soil parameters, structural parameters and forest 
management factors, at the compartment level, in 31 repre
sentative locations in Denmark, including both managed and 
unmanaged forests. Indicator species were identified by com
paring managed and untouched forest, by Canonical Corre
spondence Analysis, and tree-based modelling, each method 
relating nature values to species occurrences. Altogether, 22 
indicators of high conservation value and 27 indicators of low 
value emerged from the analyses, partly in accordance with 
other studies of indicators of ancient forest or natural forest. 
The results support views that the suitability of an indicator 
species varies with respect to regions and methodology (type 
of forests compared, inventory scale, etc.). The indicators 
identified in this study can be used to assess nature quality at 
the compartment level in Danish beech forests. Evaluations of 
forests as a whole also need to consider wet areas and gaps, as 
well as the spatial arrangement of the forest. 

Keywords: Canonical Correspondence Analysis; Continuity; 
Fagus sylvatica; Forest management; Tree-based models. 

Nomenclature: Mossberg et al. ( 1994 ). 

Introduction 

The conservation value of forests is usually associated 
with the degree of management impact and forest continu
ity (e.g. Kirby 1986). Forest management has been shown 
to have an impact on the ground vegetation (Peterken 
1993), e.g. in terms of species richness (Feilberg 1993) or 
the species composition (Aude & Lawesson 1998). Differ
ent species compositions in relation to management re
gimes have been documented ( e.g. Ohlson et al. 1997). 

Some vascular plants have been shown to be more or less 
restricted to ancient woodlands (Peterken & Game 1984 ), 
and are used as indicators of such woodlands. Several 
authors have identified indicators of ancient woodland in 
various parts of Europe (see Wulf 1997 and references 
therein), and also in Denmark some plants are designated 
as indicators of ancient forest (L0jtnant 1996 ). However, 
few studies in Denmark are based on quantitative data, 
with some exceptions concerning some parts of the country 
(Petersen 1994; Lawesson et al. 1998). In fact, identifica
tion of indicators has only rarely involved statistical tests 

(see Wulf 1997). In many cases, subjective field observa
tions are the basis for selection of an indicator species, and 
the species selected in this way are often rare, and statisti
cally inappropriate. Instead, indicators among more com
mon species are necessary to achieve a useful evaluation 
method. 

The nature quality concept combines management and 
continuity factors so that forests with low management 
impact and long continuity have a high nature quality. We 
aim to identify indicators to be used to assess nature quality 
of Fagus forests at the compartment level. Fores edges, 
clearings, and gaps were not included in the study. 

Methods 

Field survey 
The study was performed in Denmark which is situated 

in the temperate-nemoral zone, i.e. the natural forests are 
composed of deciduous tree species. The geomorphology 
is dominated by moraine soils, clayey or sandy, out-wash 
plains and a raised sea floor (Jacobsen 1989). 

31 locations were chosen to represent major geo
morphology. In each location, managed and untouched 
(minimally 5 yr) Fagus forests were sampled in July 1997, 
all on relatively well-drained soils. Altogether, 43 managed 
and 56 untouched study sites were investigated. A 400-m2 

sample plot was subjectively placed within each study site 
in homogeneous vegetation, in which a subplot of 4 m x4 m 
was placed at random. Each subplot was divided into 16 
small plots of I m2. The frequency of each species in a 
sample plot was determined by presence/absence in the 16 
small plots. Structural characteristics such as the amount of 
dead wood and the age distribution of the trees were also 
noted. Forest and stand ages were compiled from docu
ments and personal communication, as was the period the 
stand had been untouched. Among the soil variables deter
mined were: soil type, thickness of humus layer and A!
layer, pH, and clay content. 

Identification of indicator species 
Three methods were used for identifying indicator species: 

(I) comparison between managed and untouched plots; (2) 
Canonical Correspondence Analysis (CCA) using soil vari
ables as covariables; and (3) tree-based models. Species 
indicating forests of high conservation value(= HQ-indi
cators) and species indicating forests of low conservation 
value(= LQ-indicators) were identified. 

Method 1. Species occurring much more often in managed 
or untouched plots were identified. Presence/absence data 
were used and species selected which occurred more than 
5 x, giving a pool of 63 species. Species occurring at least 
twice as often in untouched as in managed plots were 
chosen as HQ-indicators. Species for which the reverse 
was found were chosen as LQ-indicators. In addition, 
species were marked HQ or LQ if they, when present (at 
least 9 x), occurred with a frequency at least twice as high 
in untouched and managed forests, respectively. This ren
dered a pool of 42 species. 

~~~~~~~~~~~~ 
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Method 2: CCA was performed using CANOCO version 
3.12 (tcr Braak 1991) with the most important soil vari
ables as covariables and with conservation value-related 
variables as constraining variables (Jongman et al. 1987). 
For this analysis, the explanatory variables were trans
formed, if needed, and standardized. Only species occur
ring more than 5 x were used, giving a pool of 63 species. 
The most important soil variables were determined by 
forward selection CCA (pH, soil type, humus and A I -
layer and clay content). The conservation value-related 
variables (constraining variables) used in the analysis 
were forest continuity, stand age and untouchedness, age 
distribution and amount of dead wood. Default options in 
CANOCO were used, with the exception that sample 
scores were weighted mean species scores. A joint plot of 
species and environmental variables was constructed us
ing CanoDraw 3.0 (Smilauer 1992). Species with projec
tion points at extreme locations in the diagram were 
appointed as indicator species (delineation arbitrarily 
drawn at axes units± I). 

Method 3: Tree-based modelling was done using S-Plus 
version 4.0 (Anon. 1995). These models use binary recur
sive partitioning, whereby a data set is successively split 
into more and more homogeneous subsets (Chambers & 
Hastie 1993). A binary tree sequence is constructed using 
the splits. Deviance measures at each node report how 
heterogeneous the node is. A conservation value was as
signed to each sample plot on the basis of management and 
continuity of the forest. This variable was used as response 
variable and the species data as predictor variables. Only 
species occurring more than 9 x were included, rendering a 
pool of 42 species, and presence/absence as well as abun
dance data were applied. The species used to split the data 
set were appointed as indicators. 

Results 

Method 1: On the basis of presence/absence data, four 
HQ- and 15 LQ-indicator species were found, on the 
basis of abundance data, seven HQ- and five LQ-indicators 
(Table I). Method 2: In the CCA, the projection points of 
species onto environmental vectors suggested 15 HQ- and 
14 LQ-indicators (Table I). Total inertia of the data set was 
9.53 and the variation explained by the CCA was 89c. 
Method 3: In the tree based modelling, the presence/ab
sence data resulted in four HQ- and five LQ-indicators 
(Table I). The abundance data resulted in four HQ- and six 
LQ-indicators (Table I, see Fig. I). 

In total, 22 HQ-indicator species and 27 LQ-indicator 
species were detected by the analyses. Most of these 
species were detected by only one method ( 14 HQ- and 17 
LQ-indicators), several by two methods (8 HQ- and 8 LQ
indicators), but only two (LQ-indicators) by all three 
methods. Of the 22 HQ-indicator species IO were found as 
such in other studies, of the 27 LQ-indicators 12 were also 
in accordance with others. 

Table 1. Conservation value indicators for Danish beech 
forests, obtained by three methods (I, 2 and 3; sec Text); 
s =sapling.High value indicators are indicated with+, low 
with+; p = presence/absence data, a= abundance data. '? = 
methods gave conflicting results. i = indicators supported 
by other studies; J, indicators in conflict with other studies; 
references are given at the bottom. 

Species* 

Actaea spil'llla 

A!irostis capi/laris 
Bromus ramosus 
Ca/anwin,stis arundinal·ea 
Drrnpteris Ji/maw 
Drrnpterisf1/ix-11ws 
Fraxinus excelsior (s) 

Galium saxarile 
Hedern helix 
Hordelymus europaeus 
/lex aq11ifi1/i11111 
Lonil·era periclyme,wm 
Lonicera xylosteum 
Maianthemum b{{olium 
Primus arium 
Quercus robur/Q. petmea (s) 1 

Ru/ms iclaeus 
Samhucus nigra 
Scrophularia nodoso 
Sor/ms aucuparia 
Stellaria ho/osrea 
Trientalis ewv1wea 

Acer pseudop/at1111us (s) 

Arhwium.filix)l'mina 
Carex pi/11/ifim 
Carex remow 
Dactylis glomerato '.-.Sp. lohuta 
Dactyl is glomeratll .'>.'>p. glomeratu 
Desc/u1mp.,'la flexuosa 
Epilobium ang11stifi1/i11111 
Fa/illS .1_Y/mrirn (s) 
G11/eopsi.1 hifida/G. rermhir2 

Galium aparine 
Geranium rohertianum 
GymnocatJJium dryopteris 
Juncus efji1s11s 
U1psana (·ommunis 
L11;11/a mulriflora 
Lu::.ula sylratica 

Melica 1111iflom 
Milium effi,.111111 

Moehringia trinerria 
Mycelis muruli., 
Picea abies ( s) 

Polygonafllm mult(f/orum 
Stellaria nemorum .'>sp. nemorum 
Ta raxacwn spec. J 

Urtica dioicu 
Veronica t~fjicinalis 

Method Other studies' 

2 3 ---p a a p a 

+ + i Lo. H 
+ 

+ + + i Lo. H 
+ i L(anc). Lo 

+ + 
+ + 

+ + + .J, L(old) 
+ 
+ .J, PG(rec) 

+ i Lo, Pe. R. H 
+ i L(anc) 

+ + i PG(und) 
+ 

+ + i P. H 
+ 

+ + i P(anc) 
+ .J, PG1rec) 

+ .J, L(old) 
+ i PGtanc). W 

+ + .J, L(old) 
+ i PGtanc) 

+ + 

i L(old) . .J, H 
----.---- ----.----

.J, P. PG(anc). W. H 
i PG(rec) 

~ i PG(rcc) 
i PG(rec) 

i PG(rec) 
i PG(rec) 
i PG(rec) 
.J, L(anc) 
i PG(dis) 

.J, L(anc). Lo. Pe. P. 
PG(anc). H 

.J, P. PG(anc). W. H 
----.---- -:- i L(old) . .J, P. 

PG(anc). H 
i PG(rec). R(v) 

i L(old), .J, Pe, H 

i PGtrec) 
~ .J, PG(anc) 

·i•: For two species not shown in the table, Dellfaria hulhifira and Ru/)//s 
plirntus. the methods gave opposing results. 
1 Saplings of either species. 'Either species. 'Specimens not identified at 
the species level. 
"Sources: H = Hermy ( 1994 ): ancient woodland species. Europe. L = 
Lawesson et al. ( 1998 ); anc = ancient forest species, old= old forest species 
(ca. 100-200 yr.). Denmark. Lo= Lojtnant ( 1996): indicators ofold natural 
forest. Denmark. P = Peterken ( 1974): primary forest species, England. Pe 
= Petersen ( 1994 ): ancient woodland indicators. Denmark. PG= Peterken 
& Game ( 1984): anc: ancient woodland species; rec: recent woodland 
species; und: undisturbed woodland-species; dis: species found in areas of 
disturbance, England. R = Rackham ( 1980): s: strong association with 
ancient woodla;d; v: variable association, England. W = Wulf (1997): 
ancient woodland species. Germany . 
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Carex pi!ulifera < 9.5 % 

Carn· rem~/a < 0.5 % 
mean"' 1.917 

var.= 0.40 
n =II 

Dactyl is glomerata t,p. glomerata < 0.5 % . 
, , mean= 2.93 

var.= 3.59 
mean= 6.02 mean~ 2.44 n = I 9 

,ar.=5.67 var.= 1.44 
n = 59 n = 5 

Fig. 1. Tree model showing the species (with abundance 
values) used to separate plots of different conservation value 
into more homogeneous groups. At each end node, the average 
conservation value is given (mean), along with the group 
variance (var.) and number of plots in the group (11). The tree 
should be read thus: If Carex pilulifera is found with abun
dance> 9.5%, we move to the right, into a group with a mean 
conservation value of 1.9. If not, we continue along the left 
side of the tree, and check for the abundance of Carex remota, 
etc. Initially, a 14-nodc tree was drawn, but after cross-valida
tion (Chambers & Hastie 1993 ). a 4-node tree was suggested. 
A similar tree was drawn using presence/absence data. 

Discussion 

Many of the indicator species identified in this study are 
listed in the literature as such (Table I), i.e. 22 out of 49, or 
45%. Our study shows that indicator species detected in 
one country may not have been identified as such in other 
regions. Although there is a good agreement for many 
species between our findings and similar studies in the UK 
and Western Europe, the opposite is the case for other 
species. Still, in only IO cases (20%) our detection is 
contradicted in any of the sources included. For 17 species 
(35%) there are no data available in the reference literature. 
This is remarkable since most of them are common forest 
species. On the other hand, 14 of them were detected by 
only one of our methods. 

There are IO HQ-indicator species which are previously 
mentioned as ancient forest indicators, indicators of old 
natural forest, or undisturbed forest (Table I). Especially, 
Actaea spicata, Bromus ramosus, Hordelymus europaeus, 
I/ex aqui{olium, Maianthemum bifolium and Scrophularia 
nodosa appear to have a wide applicability. Some of the 
LQ-indicator species are mentioned as 'old forest species' 
in Lawcsson et al. ( 1998), i.e. forests aged I 00-200 yr, but 
not 'ancient forests', and as 'recent forest species' in 
Peterken & Game ( 1984). These species may thus have a 
more general significance as LQ-indicator species. Six 
species, however, which we consider LQ-indicators in the 
present study, are found to be ancient woodland indicators 
in other countries, while two HQ-indicators are considered 
recent forest species by others (see Table I). 

Some species are known to have different ecological 
optima in different parts of their distribution area (see 
Diekmann & Lawesson 1999). There are clear phyto
sociological differences between beech forests in Europe, 
and some species with a northern distribution may be good 

indicators in Denmark, but do not occur in forests further 
south. This means that there are different interaction pat
terns between species, e.g. the competitive environment, 
which may lead to different indicator characteristics. Indi
cator species found in Denmark are therefore likely to be 
used best in this country only. 

Two of the LQ-indicators in our study, Gymnocarpium 
dryopteris and Luzula sylvatica, were listed by Lawesson 
et al. ( 1998) as ancient forest species for Danish beech 
forests in eastern Jylland. Webster & Kirby (1988) noted 
that even within a country, species that are restricted to 
ancient forests in one region, are not necessarily so in other 
regions. Local differences in the interplay between man
agement, soil and species colonization abilities could ex
plain the observed results in that case. In the present case, 
however, the geographical areas covered in our study and 
in Lawesson et al. ( 1998) are overlapping, and further 
explanations are needed. Although regional and historical 
differences still may play a role, the differences observed 
may be related to the management regime, which is part of 
our conservation value concept; both species are found 
more often in managed forests. 

An aspect not considered in this study, is the spatial 
arrangement of the forests. It is well known that for recent 
forests, the distance to ancient forests can be of major 
importance for species composition (e.g. Dzwonko & 
Loster 1992). Another aspect not included in this study is 
the effect of forest area. The positive correlation between 
forest area and species number has been reported in many 
studies ( e.g. Zacharias & Brandes 1990 and references 
therein) although Lawesson et al. ( 1998) show that after the 
total species number is corrected for area, the smaller 
Danish forests tend to have higher diversity values. Frag
mentation, rather than dispersibility could explain these 
latter results. Both aspects need also to be considered in 
evaluation of conservation values. 

In conclusion, the use and comparison of indicators 
species for conservation value should be in close agree
ment with the way that they were identified. The indicators 
identified in the present study can be used to evaluate the 
nature quality across time or space in beech forest compart
ments in Denmark, but it is important to note that an 
evaluation of the entire forest also must include wet areas, 
gaps etc. Furthermore, a validation of the indicators is 
needed. With these indicators, however, any compartment 
could be evaluated, even if none of the rarer ancient wood
land or forest indicator species are present. Another poten
tial advantage lies in the use of LQ-indicators. With the 
registration of these species it should be possible to moni
tor unwanted disturbance effects more rapidly than if 
changes in the HQ-indicator species need to be awaited. 
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Abstract. The spatial pattern of the vegetation of the Dofiana 
Biological Reserve has been studied along a 10.5 km topo
graphic gradient. Split Moving Window Boundary Analysis 
was used to identify boundaries between plant communities. 
The detection of these boundaries, together with the analysis 
of plant species composition, soil, water availability and to
pography allowed the identification of three different vegeta
tion zones: (I) homogeneous zone, (2) ecocline and (3) ecotone. 
Based on the results of our analysis, a new model for shrub 
vegetation of the stabilized sands of Dofiana Biological Re
serve is proposed. The geomorphology exerts a multi-level 
control of vegetation patterns mediated through soil water 
supply. Water availability controls the vegetation (I) on a local 
scale, along the fixed dune slopes, opposing the dry dune 
ridges with xerophytic shrub to the slacks with hygrophytic 
shrub; (2) on a mesoscale, distinguishing two dune episodes 
(West and Central Sectors) with different altitudes, dominated 
by poikilohydric xerophytes and stenohydric xerophytes, re
spectively; and (3) on a regional scale, distinguishing the 
discharge zone of the regional aquifer, covered by shrubland 
with a low plant diversity. 

Keywords: Diversity; Ecocline; Ecotone; Split moving win
dow; Vegetation pattern. 

Nomenclature: Valdes et al. ( 1987). 

Introduction 

The stabilized sands ofDofiana Biological Reserve (DBR) 
represent a wide transition between the recharge and the 
discharge areas of the Almonte-Marismas aquifer. The 
Dofiana ecosystems largely depend on the groundwater 
flows of this regional aquifer (Anon. 1983). The early 
studies of plant ecology in the stabilized sands of Dofiana 
were carried out in the early 1970s by Gonzalez Bernaldez 
and co-workers who developed the first vegetation model 
(Gonzalez Bernaldez et al. 1971; Ramfrez Dfaz 1973 ). In 
this small scale model, the plant composition closely re
flects local topography due to different soil water availabil
ity in summer, with xerophytic shrub on the (dry) old dune
ridges and heathlands on the (wet) slacks. 

The extrapolation of this vegetation model to the whole 
DBR was published as the Ecological Map of DBR (Allier 
et al. 1974 ). In the map, three broad vegetation zones were 
distinguished in the stabilized sands: a western zone (naves) 

with a higher altitude and covered by xerophytic vegeta
tion; an eastern zone dominated by hygrophytic vegeta
tion; and easternmost, a transitional fringe (vera) between 
the sands and the marshes, covered by grassland. However, 
the vegetation patterns observed at DBR do not fit this 
coarse schematic division. 

The aim of this contribution is to study the mesoscale 
spatial pattern of DBR vegetation and to discern whether 
the processes determining the vegetation patterns at differ
ent scales are similar or change with the scale of observa
tion (Allen & Starr 1982; Wiens 1989; Reed et al. 1993). 

Study area 

In the Dofiana National Park (SW Spain), four main 
landscape units were traditionally distinguished: inland 
marshes, mobile dunes, stabilized sands, and transition 
between the sands and the marshes (Garcfa Novo 1979). 
Within the limits of the Park, the DBR (6794 ha) is the core 
area; it includes the main representative ecosystems and 
enjoys the highest degree of protection. This work is fo
cused on the stabilized sands. 

Dofiana has a Mediterranean type climate. The average 
annual temperature is 16.8 °C, the coldest months are 
December and January with mean temperatures just below 
IO °C. Summer temperatures average 24 °C in July and 
August. Mean annual precipitation is 560 mm, but there are 
drier and wetter periods which may last several years. 80 o/c 
of the precipitation is concentrated from October to March 
with a maximum in November and December. In the sum
mer (July, August), rains are scarce. Potential evapo
transpiration is ca. 800 mm. The summer water shortage 
strongly affects the plant composition on the sandy soils. 

The sandy soils are poorly developed due to the quarzitic 
nature of the substrate and correspond to the entisols and 
inceptisols types (Siljestrom et al. 1994). The stabilized 
sands of Dofiana exhibit a rolling topography due to the old 
dune morphology. Several episodes of dune movement can 
be distinguished (Rodr{guez-Ramfrez et al. 1996). The 
vegetation is largely dominated by Mediterranean shrub
land with pine plantations, remnants of original forests and 
grasslands. The shrub composition follows the local topog
raphy, with species of Cistaceae and Lamiaceae such as 
Cistus libanotis, Halimium commutatum, Rosmarinus 
officinalis and Lavandula stoechas in the drier areas, and 
Ericaceae such as Erica scoparia, E. ciliaris and Calluna 
vulgaris in the wetter parts (Garcia Novo 1979; Rivas 
Martinez et al. 1980). 

Material and Methods 

A I 0.5 km long W-E transect was established in the DBR 
along a topographic gradient (from 40 to 4 m a.s.l.), cross
ing several ancient dune fields. I 05 plots were located at 
I 00-m intervals along the transect. At each plot, the cover 
of woody species was measured along a 30 m line perpendicu
lar to the transect. A matrix of I 05 plots x 32 woody species 
was analysed in order to detect boundaries between communi
ties using the Split Moving Window Boundary Analysis 

~~~~~~~~~~------~~~--------·( 
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(Ludwig & Cornelius 1987; Cornelius & Reynolds 1991 ). 
This method allows identification of boundaries along 
transects and thereby different vegetation zones through 
the calculation of metric dissimilarities between adjacent 
groups of plots. Chord distance was used as the metric 
dissimilarity measure between adjacent groups of plots. 
The scale-dependency of the dissimilarity values was 
reduced by pooling the information from several scales 
(window sizes 4, 6, 8, IO and 12), since the locations of 
peaks in a pooled dissimilarity profile are relatively scale
independent compared to the dissimilarity profiles at 
each window size. Previously the dissimilarity values 
from each window size were standardized using Monte 
Carlo simulation techniques according to Cornelius & 
Reynolds (1991 ). In the average Z-score (standardized 
variable) graph, the peaks extending above the mean plus I 
standard deviation were considered potential boundaries 
between plant communities, and further tested by Multi
response permutation procedures (Mielke 1991 ). 

After vegetation boundaries have been located, plant 
diversity (expressed as species richness and Shannon di
versity index) and the environmental variables were ana
lysed within each zone. The screened environmental vari
ables comprise: topography, water table depth, soil charac
teristics (pH, electric conductivity, soil texture and nutrient 
status). 

Results 

Dissimilarity profiles from small window sizes (4, 6) 
were more noisy than those from large ones, some peaks 
being prominent at all window sizes. The SMW analysis 
suggests the presence of seven significant boundaries sepa
rating eight vegetation zones (Fig. 1, panel A), whose 
species composition is shown in Table I. Similar soil 
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Fig. 1. Average Z-score (standardized variable) of window 
sizes 4- 12, points show significant boundaries (A). Values of 
pH and electric conductivity (mS/cm) in several plots of the 
transect (B ). 

Table 1. Species composition(% cover of the main species) of 
the eight zones detected . Key to abbreviations: 
R(Jf'= Rosmarinus officinalis Hha = Halimium halimif'olium 
Hco=H. co11111111/a/11111 Jph = Juniperu.1· phoenicea 
Cli = Ci.1·111.1· libanotis Ppi = Pinus pinea 
Esc = Erica scoparia Uau = Ulex austral is 
Phi= Philfrrea an!!,u.11ifc1/ia. 

Plots Rof' Hlw Hco lJ'h Cli Pl'i Esc Uau Phi 

I - 21 27.6 15.1 10.9 0.0 8.4 0.0 4.5 3.0 8.4 
22 - 27 9.4 7.9 3.8 56.9 13.6 0.0 0.5 0.1 0.0 
28- 44 16.0 8.1 9.4 2.3 5.4 36.6 8.3 3.1 1.2 
45- 48 8.9 5.6 13.5 56.2 5.2 0.0 0.5 0.0 0.0 
49- 55 6.1 8.5 4.5 0.1 0.8 0.0 36.5 11.9 5.6 
56- 92 15.1 31.3 2.6 00 6.0 0.0 11.9 9.5 0.2 
93- 97 6.9 II.I 1.6 0.0 0.0 0.0 38.3 12.8 7.7 
98- 105 0.0 27.8 4.1 0.0 0.0 0.0 10.0 55.4 0.9 

conductivity and pH values (Fig. L panel B). along with 
information about their common historical management 
(Granados Corona ct al. 1988) and succession processes 
(Allier et al. 1974; Rivas Martfnez et al. 1980), prompted to 
lump the first four vegetation zones (plots I - 48). The 
vegetation of this zone was dominated by Rosmarinus 
o.fficinalis ( 19.6 % ), with Pinus pinea ( 12.9 'le), Juniperus 
phoenicea ( 12.6 o/c ), Halimium halimif'olium ( I 0.9 % ) and 
H. commutatum (9. 7 % ). This species composition is known 
to have resulted from repeated disturbances of the original 
juniper forest through logging, overgrazing, shifting culti
vation, fires and, lately, pine plantation (Granados Corona 
et al. 1988). 

Species composition and environmental variables of the 
five resulting vegetation zones (Table 2) seem to show 
three large stretches of shrub (plots I - 48, 56 - 92 and 98 -
I 05), which will be addressed as West, Central and East 
Sectors, respectively, separated by heathlands (plots 49- 55 
and 93 - 97). In the heathlands more water and nutrients 
were available. 

There was a noticeable drop in plant diversity among the 
detected sectors along the transect. The lowest diversity 
values were found in the East Sector. with 12 species and a 
value of 1.40 for the Shannon index. 

Discussion 

There is a W-E gradient of increasing soil water avail
ability along the transect (Table 2). However, the hcathlands 
do not cluster in the wetter part of the gradient as predicted 
by the topographic model of Gonzalez Bernaldez. Rather, 
it is in those areas where groundwater discharges in which 
heath lands occur, regardless their absolute elevation. Fur
thermore, the strongest water-table fluctuations take place 
in the East Sector, close to the transition to the marshes. 
These fluctuations seem to be related to discharges of the 
regional aquifer (Munoz Reinoso 1997). In this zone, due 
to the above-mentioned hydrological processes. pH values 
were lower and a soil iron accumulation developed 
(SiljestriJm et al. 1994). 

Merino ct al. ( 1976) identified three different types of 
ecophysiological responses to water stress in the shrub 
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Table 2. Environmental data and diversity values of the five final vegetation zones. EC= electric conductivity. N = nitrogen, 
P = phosphorous; K = potassium; Fe= iron; WTD = water table depth in July 1994; WTF = water table fluctuations between March 
and September 1994; S = species richness; H' = Shannon diversity index. 

Plots pH EC N p K 
(mS/cm) (%) (ppm) (ppm) 

1-48 6.15 18.3 0.039 3.52 6.4 
49-55 5.56 53.0 0.113 3.08 13.3 
56-92 5.98 17.4 0.041 2.08 6.3 
93-97 5.09 207.4 0.110 5.63 12.0 

98- 105 5.06 22.3 0.045 2.88 6.8 

vegetation of DBR: poikilohydric xerophytes, stenohydric 
xerophytes, and stenohydric hygrophytes. According to 
this classification, the shrubs of the West Sector (plots 1-
48), such as Rosmarinus officinalis and Cistus libanotis, 
belong to poikilohydric xerophytes. The Central Sector 
(plots 56- 92) is dominated by the stenohydric xerophytic 
shrub Halimiwn halimifolium and shows an increased 
occurrence of the stenohydric hygrophytic shrub Erica 
scoparia. The East Sector (plots 98 - 105), with the 
shallowest water-table and the wider water-table fluc
tuations is dominated by Halimium halimifolium and 
Ulex australis. The heavy browsing in the latter zone by 
game such as red deer (Braza et al. 1984; Braza & 
Alvarez 1987) may favour thorny Ulex australis and 
species with ability to response to predation such as 
Halimium halimifolium (Aguilar et al. 1996). 

The geomorphology plays an important role in this veg
etation pattern as is summarized in Fig. 2. Those three 
vegetation sectors seem to match different dune building 
episodes (Rodrfguez-Ramfrez et al. 1996) each resulting in 
a general, distinct elevation. In the transitions between 
those dune episodes, groundwater discharge takes place, 
and the sands become covered by heathland. 

Three sectors may be classified as (I) homogeneous 

Fe C org. WTF WTD s H' 
(ppm) (%) (m) (m) 

12.4 0.44 0.36 4.52 24 2.47 
338.3 1.83 0.40 2.35 25 2.28 

16.0 0.45 0.46 2.18 22 2.19 
317.5 2.13 0.37 1.69 18 2.13 

36.9 0.48 0.56 1.41 12 1.40 

zone (West Sector, plots 1-48) with a deep water table, and 
where the observed differences in species composition in 
this zone are due to historical management, (2) ecocline 
(Central Sector, plots 56 - 92), with a gradual descent in 
elevation and increasing water availability, and (3) ecotone 
(East Sector, plots 98 - I 05) influenced by important envi
ronmental (biotic and abiotic) stresses. The East Sector 
may be addressed as a limes convergens (van Leeuwen 
1966), an ecotone sensu stricto (sensu van der Maarel 
1976, 1990), and as an asymmetric boundary (Margalef 
1982). This sector is a stress zone, controlled by strong 
water table fluctuations, iron accumulation, low pH, heavy 
browsing, and showing low plant diversity. It is between 
two plant communities at different stages of ecological 
succession. 

Soil-water availability determines the vegetation pat
terns in the stabilized sands (Gonzalez Bernaldez et al. 
1971; Allier et al. 1974; Garcfa Novo et al. 1996) and 
controls the patterns in different ways at different scales 
(Allen & Starr 1982; Wiens 1989; Reed et al. 1993 ). The 
water availability seems to control vegetation at three differ
ent scales (Fig. 2), namely (I) on a small scale (IO - I 02 m), 
distinguishing dune ridges with xerophytic shrub from slacks 
with hygrophytic shrub; (2) on a mesoscale (I 02 - I 03 m), 

1---- ---~--~-- -- ----------- --~iona~sca/e(1a3-1o"m) 
meso-scala (1a2-1a3 m) -- - -- -----1 

. ---- -- ---- ! 

HOMOGENEOUS ZONE 
Deeper water table 
poikilohydric xerophytes 
Differences due to management 

Intermediate dlscha(f18S 

~----------------

L --------~-

Gradual descent of topography 
stanohydric xerophytes 
Higher cover of poikilohydric hygrophytes 

_______J 

Regional disCh"'Vff 

-g 
.!!! 

~ 
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Fig. 2. Proposed vegetation model for the stabilized sands of the Dofiana Biological Reserve. Water availability controls the 
vegetation at three different scales (local scale, mesoscale and regional scale) and allows the identification of three different zones: 
a homogeneous zone, an ecocline and an ecotone. 



' 

- Vegetation patterns on the stabilized sands of Doiiana Biological Reserve - 167 

which tells apart the western and the eastern Sectors, the 
first dominated by poikilohydric xerophytes, and the sec
ond characterized by stenohydric xerophytes and a higher 
occurrence of stenohydric hygrophytes; and (3 J on a re
gional scale (> I 0 3 m), distinguishing the transitional 
shrubland on the discharge zone of the regional aquifer. 
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Abstract. The relation between the species composition of 
scrub vegetation and a rainfall gradient was analysed by 
means of a Fuzzy Set Ordination (FSO). Apparent rainfall 
explained 68.9% of the actual rainfall. Thermicity and aspect 
were significantly correlated with the residuals of the regres
sion between apparent and actual rainfall. Logistic models 
were used to estimate the response of a selected group of 
species to the apparent rainfall. The different resulting patterns 
and their relations with the distribution pattern of the species 
are discussed. 

Keywords: Distribution pattern; Eurosiberian-Mediterranean 
boundary; Fuzzy Set Ordination (FSO); Logistic regression 
model; Spain. 

Nomenclature: Tut in et al. ( 1964-1981) for plants; Loidi et 
al. ( 1997b) for syntaxonomical nomenclature. 

Introduction 

A rainfall gradient is claimed to be the main factor 
affecting vegetation variation in the Ebro Basin (Rivas
Martfnez et al. 1991; Loidi et al. 1997b). Navarra (North
ern Spain) is located in the western part of the Ebro Basin 
where there is a steep gradient from 1600 mm/yr in the 
Cantabrian Mountains and Pyrenees in the north to 400 
mm/yr in the vicinity of the Ebro River, along a distance of 
I 00 km. This rainfall gradient follows a NW- SE gradient 
related to the transition from temperate climate with weak 
summer drought to Mediterranean climate with heavy sum
mer drought (Rivas-Martfnez 1996a, b). 

Different approaches have been accomplished to link the 
vegetation distribution with climatic factors. Some authors 
have related individual species to climatic parameters (e.g. 
Fernandez-Palacios 1992), while others have worked at the 
community level (e.g. Moreno et al. 1990; Retucrto & 
Carballeira 1992; Escudero & Pajar6n 1994; Gavilan & 
Fernandez-Gonzalez 1997). Recent contributions applying 
fuzzy set theory to vegetation science (Roberts 1986; Zhang 
1994; Boyce 1998; Olano ct al. 1998) provide a tool to 
relate vegetation to climatic factors. We decided to use 

Fuzzy Set Ordination (FSO; Roberts 1986) in order to 
determine the effect of rainfall on basiphilous scrub veg
etation in Navarra. These communities are usually located 
on shallow soils, being very sensitive to changes of rainfall 
conditions. 

The scrub vegetation is widespread throughout the study 
area, usually as substitution stage of the potential natural 
vegetation: deciduous broad-leaved forests (QuerC(J
Fagetea) or evergreen broad-leaved sclerophyllous forests 
(Quercetea ilicis). Syntaxonomically, these scrub commu
nities belong to three main types (Anon. 1991; Loidi et al. 
1997a), such as the Pyreneo-Cantabrian cushion-heathland 
often dominated by Genista hispanica ssp. occidentalis, 
Genistion occidentalis, Ononidetalia striatae), Western 
Mesomediterranean calcicolous garrigues with Rosmarinus 
off1cinalis (Sideritido-Salvion lavandulifoliae, Rosmari
netalia), and Supra-mesomediterranean pre-Pyrenean 
garrigues with Genista hispanica ssp. hispanica (Aphyl
lanthion, Rosmarinetalia). 

The aim of this work is studying the response of the main 
species of these communities to the rainfall gradient and to 
use FSO as a tool to assess the influence of topographic 
factors on this pattern. 

Material and Methods 

Floristic data were collected on 252 plots distributed 
over 3500 km2 of Central Navarra during 1995-1997. Plot 
size was 9 m2, species cover/abundance was estimated 
according to the Braun-Blanquet scale and data on slope, 
altitude, aspect and parent rock material were also col
lected. Local annual rainfall for every sample plot was 
estimated by overlay of plot locations on a precipitation 
map (Creus 1986). 

Releves were submitted to Fuzzy Set Ordination with 
total annual rainfall as environmental variable, following the 
technique described by Roberts ( 1996) and Boyce ( 1998). In 
this technique a similarity matrix is calculated for the data. 
Afterwards a series of algorithms are computed (see above 
references for full detail) to calculate the apparent rainfall 
of each releve depending on its similarity to wetter and 
drier releves. This value provides an estimate of the rainfall 
based on species composition. FSO was applied to two 
different matrices: in the first matrix data were transformed 
to presence-absence (P/ A), while in the second matrix Braun
Blanquet cover/abundance values were transformed to a I 
-6 scale. In both cases data were normalized by releve. As 
a result of this analysis values ranging from O to I were 
obtained indicating apparent rainfall. Both values for ap
parent rainfall were regressed on actual rainfall. As the P/A 
matrix showed a better fit with actual rainfall, this value 
was taken in the subsequent analysis. For each different 
class of actual rainfall, Spearman rank correlations be
tween residuals of the regression and environmental data 
(slope, aspect, altitude and thcrmicity) were calculated. 
Thermicity is a variable resulting from the combination of 
aspect and slope: 

therrnicity = -cos (aspect) x sin (slope). (I) 

, 
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Probability of occurrence by means of logistic regression 
(ter Braak & Looman 1986) was calculated in order to 
analyse species preferences. 

Results 

Actual rainfall class vs. apparent rainfall regression 
showed very high coefficients of determination (R2), 0.610 
for the matrix with cover values and 0.689 for the P/A 
matrix (Fig. I), p < 0.000 I for both regressions. As esti
mates for apparent rainfall were highly correlated (r = 
0.949) only apparent rainfall for P/A matrix was used in 
further calculations. 

Spearman rank correlation (Table I) showed that aspect 
and thermicity explained most of the variation, but not at 
the extreme rainfall classes. Although for the wettest sites 
the probability was close to significance, for the driest sites 
p was> 0.6. Altitude is only significant for the rainfall class 
of 600 mm/yr, whereas slope is not significant for any 
rainfall class. 

Fig. 2 shows the results of logistic regression models for 
18 species selected according to their known phytosocio
logical behaviour in the scrub communities considered. 
All of them are common in at least one of the three main 
types of scrub described above, and are not short-range 
endemics - they serve as characteristic species of alliances 
or higher syntaxonomical units as described by different 
authors (de Bolos et al 1993; Loidi et al 1997a; Mucina 
1997). 

Species response curves showed different patterns that 
can be grouped into four classes. The first (Fig. 2a) com
prises species with an Atlantic or wide-European distribu
tion common in temperate climate ( chorological classifica
tion following de Bolos et al. 1993), these species, Brachy
podium pinnatum, Erica vagans and Genista hispanica 
ssp. occidentalis), showed their optima in the upper appar
ent rainfall class or even outside the range considered. 
Where apparent rainfall decreased they were scarce. A 
second group (Fig 2b) is represented by those species 
which are absent or very rare at low rainfall classes but 
which are even rarer at higher precipitation levels. In this 
group two subpatterns could be noted, that of species 
which had optima in the middle of the gradient: Avenula 
mirandana, Fumana procumbens and Linum appressum, 
and that of taxa whose optima are displaced towards higher 
precipitation values: Buxus sempervirens, Helictotrichon 
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Fig. 1. Diagram showing the relation of apparent rainfall vs. 
actual rainfall. Note that actual rainfall values are given in 
classes. 

cantabricum and Potentilla neumanniana. The first sub
group was formed by species of Mediterranean distribution 
(wide-Mediterranean, North-Mediterranean and also wide
European), while the second was related to plants with 
Submediterranean distribution. A third group (Fig. 2c) 
comprises species of wide-Mediterranean distribution: 
Avenula bromoides, Brachypodium retusum, Genista 
scorpius and Thymus vulgaris, very common in all types of 
Mediterranean scrub. They were rare or absent only where 
Mediterranean conditions disappear at the wettest sites of 
the gradient. The fourth group, with Bupleurumfrutescens, 
Fumana ericoides, F. thymifolia, Helianthemum rotun
d(folium and Rosmarinus officinalis, includes taxa with 
optima at the driest sites, that are rarer with medium 
precipitation and are absent with higher amounts of rainfall 
(Fig. 2d). These are Mediterranean and Iberian and North 
African species that are restricted to the southern part of the 
studied area. 

Discussion 

According to the analysis, thermicity and aspect were the 
main factors explaining the difference between apparent 
and actual rainfall. On the other hand, altitude and slope did 
not seem to be very important to explain this difference. As 
may be expected, land form had a very important effect on 

Table 1. Spearman rank correlation for each rainfall group between residuals of actual-apparent rainfall regression and slope, aspect, 
thermicity and altitude. P indicates significance probability and the numbers under each environmental variable indicates r.,· 

Rainfall (mm) II Slope p Aspect p Thermicity p Altitude p 

450 15 0.071 0.080 -0.121 0.66 -0.130 0.645 -0.099 0.726 
500 24 0.384 0.064 -0.632 0.001 -0.695 0.000 -0.400 0.053 
600 62 -0.123 0.339 -0.540 0.000 -0.599 (l.000 0.358 0.004 
800 62 0.313 (l.O 13 -0.542 ().()00 -0.536 0.000 0.134 0.298 

1000 31 0.093 0.617 -0.526 0.002 -0.536 0.002 0.156 0.403 
1200 36 -0.013 0.938 -0.538 ()()00 -0.579 (l.000 0.280 0.098 
1400 15 -0.035 0.911 -0.508 0.053 -0.471 0.077 -0.225 0.419 
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tion species; ombroclimate dry to subhumid. d. Mediterranean and Ibero-Maghrebian species; ombroclimate dry. 

ecosystem pattern (Swanson et al. 1988 ). This follows 
from the negative correlation of aspect and thermicity with 
the residuals of apparent/actual rainfall regression, with the 
southern and sunniest plots showing a lower apparent 
rainfall than the northern ones. Only for the extreme classes 
of actual rainfall this relation was not significant, espe
cially for the lowest value (450 mm). 

Fuzzy Set ordination appeared very sensitive to detect 
factors influencing water supplies for plants at two differ
ent scales. At a regional scale, rainfall amount determines 
water income rate, whereas at the local scale, land form 
(aspect and slope) modifies water availability by their influ
ence on air and ground temperatures and evapo-transpiration 
rates. Taking into account edaphic parameters (soil depth, 
parent material) would be of interest in order to explain 
differences between actual and apparent rainfall. 

The logistic models of species reflect the phytogeo
graphical patterns recognized in regional surveys (Rivas
Martinez et al. 1991; Loidi et al. 1997a) although species in 
the rainfall gradient show a gradual replacement. The spe
cies replacement rates reflect the transition between two 
major European phytogeographical units - the Mediterra
nean and Eurosiberian Regions - in a geographically small 
area. 
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Abstract. Variation in vegetation types along the valley of the 
River Elegest from the source in the mountains to the river 
plain depends on such intrazonal factors as the valley fall 
(downward gradient of valley). pattern of sedimentation on 
the accumulation terrace, and water regime peculiarities. A 
description of the most typical communities of forests, mead
ows, swamps and steppes is presented. A fragment of a large
scale map of part of the valley of the River Elegest shows the 
vegetation pattern. 

Keywords: Mapping; Mountain; Natural vegetation cover; 
River valley. 

Nomenclature: Cerepanov ( 1995). 

Introduction 

Tuva is located in southern Siberia at the boundary of 
Russia and Mongolia in the geographical centre of Asia. 
The vegetation of the region is primarily determined by the 
vertical zonality due to the occurrence of several mountain 
ranges at altitudes from 520 to 3976 m. Studies of the 
vegetation of Tuva were undertaken by Krylov ( 1903), 
Shishkin ( 1914 ), Sobolevskaya ( 1950) and Kalinina ( 1957). 
However, these studies paid insufficient attention to the 
vegetation of the river valleys. From 1976 to 1982 the 
vegetation cover ofTuva was studied by researchers linked 
to the Central Siberian Botanical Garden, Novosibirsk 
(Koropachinskii 1985). I have participated in these studies, 

traversed the area and described and mapped the vegetation 
of the Elegest River valley. In 1997 the trip was repeated 
along the river valley; only insignificant changes in the 
vegetation were noticed. In this paper I want to present a 
brief account of vegetation the valley of the Elegest River. 

Study area a field survey 

The River Elegest is the largest left tributary of Ulug
Khem (Upper Enysei) with a length of ca. 180 km (Fig. I). 
Its source is on the northern slope of the Tannu-Ola Range 
at an altitude of 2100 m and it flows into the Enysei 25 km 
west of Kyzil. The total altitudinal difference from source 
to estuary is 1540 m. The Elegest River is a typical moun
tain river for its upper and middle reaches, while in the 
lower part it flows through a 4-5 km wide valley. A flood 
plain terrace is virtually lacking (Klopova 1957). Floods 
are heavy but short. Soils are heavy with a gley horizon 
beneath, sometimes with seasonal permafrost resulting in 
the absence of drainage. The Elegest River valley bears 
many springs, brooks, and rivulets. All above-mentioned 
factors affect the composition and arrangement of vegeta
tion consisting of a variety of natural ecosystems in Central 
Tuva and on the northern slope of Eastern Tannu-Ola. 
From the source to the confluence with the Ulug-Khem one 
can distinguish three parts in the Elegest valley differing in 
environmental conditions. 

Vegetation description 

The upper part from the source to the village of Ak-Tal 
(breadth 1-4 km) bears features of a trough. The fall of the 
riverbed reaches IO m per km which has led to the preva
lence of pebbles, gravel and coarse sands in the post-glacial 
river alluvium. These sediments are overlain by a 45-cm 
thick clay layer. The Elegest bed terrace is developed 
unevenly; comparatively well-developed segments alter
nate with patches without floodplain terrace or with narrow 
bands of course river alluvium (pebbles and cobbles). Such 
ecological diversity causes a variety of vegetation types. 

Fig. 1. The location of the investigated region. 
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I. Larch (Larix sibirica) forests with moss cover (P/euro~ium 

schreberi) 

2. Larch (Larix sibirirn) forests with grass-forb cover (Iris 

ruthenica, Aquilegia sibirica, Rubus saxatilis, Calamagrostis 

pal'iol'ii) 

3. Larch (Larix sibirica) forests with Populus laurifolia, Betula 

111icrophvlla, Pentapln-/loidesfruticosa, Caraga11a spinosa and 
with forb-grass-sedge cover ( Carex pedifo1111is, Bro111opsis 

pu111pelliana, Poa sibirica, Elvmus sibiricus, E. dahuricus. Iris 

ruthenirn, Vero11irn /ongifolia) 

4. Fluvial willow scrub (Salix i·iminalis S. rosmarinifo/ia) with 
Pentaphvlloidesfruticosa and Swida alba and with herb cover 

(Poa pratensis, Elvmus sibiricus, Agrostis gigantea, Veronirn 

/ongijc,/ia. Senecio nemore11sis) 

5. Pea-shruh vegetation (Camgana pvgmaea) with grass steppe 

cover(Koe/eria cristata, C/eistogenes squarrosa, Stipa krYlol'ii) 

6. Pea-shrub vegetation (Caraga11a spi11osa) with Pe11ta

phvl/oides fruticosa and with forb-sedge-fescue steppe cover 

( Festuco mlesiaca, Carex duri11sc11/a, C. pedijc,m1is, C. 

obtusata, Galiwn verum. Veronica incana) 
7. Pea-shrub vegetation (Caraga11a spi11osa) with Pe11ta

pln1/oides fruticosa and with forb-species of Kobresia-sedge 

cover (Carex enervis, Kobresia mrnsuroides, K. Jilifc,/ia. 

Saussurea parv(flora) 

8. Steppe communities of Helictotricho11 ( H. hookeri, H. 

shellianum) 

9. Steppe communities of Helictotricho11 desertorum with Carex 

pediformis 

10. Typical bunch grass steppes (Festurn \'Cl/esiarn, Koe/eria 

cristaw, He/ictotrichon desertorwn. Cleistogene.,· squa,-rosa, 

Agrop_vro11 cristatum) 

11. Bunch grass-sedge steppes ( Carex duriuscula, Festuca 

m/esiarn, Koeleria eris/ala) 

12. Steppe communities of couch grass (EIYtrigia geniculata, 

E. g111eli11ii) with Festuca \'Cllesiarn 

13. Steppe communities of Arctogero11 gramineum with 

Gvpsophila patrinii and Ephedra diswchrn 

14. Steppe communities of Carex rupestris 

15. Steppe communities of Selaginella sanguinolenta 

16. Sedge-grass communities (Agrostis gigantea, Hordeum 

bre1·isubulatu111, Festurn rubra,Carex enen'is) and meadows 

with Cirsium esculentum 

17. Grass-sedge communities (Carex enerris, C. cespitosa, C. 

schmidtii, Hordeum brevisubulatun, Agrostis giga11tea, 

Deschampsia cespitosa) swampy meadows with Equisetum 

a1Tense. Salix rosnwrinifolia 

18. Grass-forb-sedge communities (Carex ene!l'is, Equisetum 

pa/ustre, Poa prate11sis, Festuca rubra, Trisetwn sibiricum) 

meadows with Caragana spinosa, Betula humilis and 

Salix rosmarinifolia 

19. Grass-Kobresia-sedge communities (Carex enen-is. 

Kobresia filifo/ia. K. mrnsuroides, Hordeum brel'isubula/11111. 

Agrostis gigantea, Desc/wmpsia cespitosa) swampy meadows 
20. Vegetation of rocky habitats 

21. Ploughed fields 

22. Boundaries of the valley 

Fig. 2. Vegetation map of part of the Elegest valley near the village of Ak-Tal ( I :50 000). 

The largest area is covered by steppe communities which 
occupy positions on distant sites from the riverbed with 
insufficient water supply, or close to the river on light soils 
where in floods water penetrates deeply for roots horizons. 
The most typical are bunch grass steppes - type of steppe 

communities with dominance ofxerophilous bunch grasses 
and small participation of xerophilous forbs and sedges. 
Bunch grasses and sedges form the turf. Phytocoenotic 
parameters are summarized in Table I and in the legend to 
Fig. 2 (no. I 0). 
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Table 1. Parameters of some plant commumlies near the 
villageAk-Tal. The numbers correspond to those in Fig. 2. The 
horizontal structure of the vegetation was estimated visually. 

Number 10 II 16 17 19 

Parameters 

Cover o/c 60-65 50-60 90-95 95-100 90-100 

Mean height cm 12-15 8-10 50-60 45-50 30-35 

HoriLontal structure Pattern No pattern 

Species richness (100 m') 22-25 16-18 29-31 27-30 30-33 

Mean production (tons/ha) 0.3-0.6 0,2-0,3 2,0-2,2 1,0-1,2 1,2-1,4 

At sites with more favourable water supply (shallow 
depressions up to 20 cm deep) Carex pediformis is abun
dant. The local co-dominants are Festuca valesiaca and 
Koeleria cristata. All steppes are used as spring and au
tumn pastures. After degradation due to the use as pasture 
Carex duriuscula becomes dominant (Table I, no. 11 ). 
Sites of steppes with trees of Larix sibirica are found. 

A typical feature of the upper part of the Elegest valley is 
the occurrence of Caragana spinosa occupying vast areas 
and participating in various plant communities. It grows on 
shallow soil in places where it can easily reach the ground 
water. The mean height of Caragana is 1.5- I. 7 m. Among the 
shrubs, Pentaphylloides fruticosa is common. The herbaceous 
layer is I 0- 12 cm tall and covers 50 to 70%. Such shrub 
stands of Caragena sp. are sometimes used as pastures (no. 
6). Large areas are covered by shrub stands of Caragana 
spinosa with swampy herbaceous cover (no. 7). Willow 
communities are typical of unstable ecological conditions at 
the Elegest river (no. 4). They occur as bands of usually 5-6 m 
up to 30 m and border meanders and tributaries. The mean 
height of the shrub layer is 4-6 m and the density of shrub 
stands is 0.4- 0.5 (40-50% is covered by tluvial willow 
bush. The height of the herbaceous layer is 40- 50 cm, its 
cover 60- 70 % and mean production 2.5 tons/ha (dry 
weight). 

Forests occur in the upper part of the valley and occupy 
small areas. Fore~ts of Larix sibirica do not occur at 
altitudes below 1200 m. Larch forests with forb-grass
sedge cover prevail. The height of the trees is 20-25 m and 
the coverage percentage of leaf canopy attains values be
tween 0.4 and 0.5. These forests represent a zonal vegeta
tion in the middle belt of northern slope of the Tannu-Ola 
range (no. 3). Larch forests with grass cover containing 
Poa sibirica, Elymus sibiricus, F estuca rubra and Elytrigia 
repens occur along small riverbeds, brooks and the main 
riverbed of the Elegest River, particularly in places with 
auxiliary water supply (springs and soil water). Tree height 
attains 12- 14 m and crown density values are between 0.2 
and 0.4. In the undergrowth Betula microphylla, Penta
phylloidesfruticosa and Caragana spinosa co-occur. 

In the upper part vast sites of the Kobresia sedge swampy 
meadows with grass species occur (Table I, no. 19). Near 
Ak-Tal sedge-grass meadows are found (Table I, no. 16). 

Close to the slope of the valley swampy communities on 
peat are frequent. Here, water supply is from runoff from 
the slope and from neighbouring drains. The peat layer is 

ca. 25 cm deep. The central parts of these communities are 
open water spaces bordered by bunch sedges - Carex 
cespitosa and Carex schmidtii forming hummocks of 30 
cm in diameter and 20 cm tall. Hummocks usually include 
Salix rosmarinifolia. Towards the periphery the sedge cover 
is made up of Carex enervis, C. microglochin, C. capillaris. 
C. coriophora, C. panicea, C. capitata and C. orbicularis. 
The moss cover is dominated by Amblystegiaceae. 

Near Ak-Tal village the Elegest changes its course (Fig. 
2). The middle part of the river valley starts here. It shows 
trough characteristics as the upper part. The width of the 
valley varies here from 2.5 to 6 km. The fall of the riverbed 
is only ca. I m/km. This means a smaller water permeabil
ity of recent deposits on the accumulation terrace. The 
thickness of the loam layer increases from 45 to 120 cm. 
These features imply some drainage and the formation of a 
gley horizon. Almost the entire area in the middle part of 
the valley is covered by grass-sedge swampy pastures 
(Table I, no. 17). 

In shallow depressions of the valley under conditions of 
mineral richness and alternating humidity bunch sedge 
swamp is frequent. The dominating species are Carex 
cespitosa and C. schmidtii, both forming large hummocks, 
30-40 cm tall. Between the hummocks Carex dichroa, C. 
rostrata, C. enervis, Calamagrostis macilenta, Agrostis 
divaricatissima, F estuca rubra, Alopecurus arundinaceus, 
Equisetum fluviatile, Triglochin palustre and Comarum 
palustre occur. The herbaceous layer is 25 - 30 cm tall, 
covers 85-95 % and has a production of 2.0-2.1 tons/ha. In 
the central part of these bunch sedge swamps small patches 
(IO - 15 m2) with Scirpus tabernaemontani and Typha 
lat(folia occur. These swampy areas are used as early 
summer pastures. 

Besides grass-sedge swampy meadows and bunch sedge 
swamps in the middle part of the Elegest, larch forests (no. 
3 ), flu vial willow scrub (no. 4 ), meadows (nos. 18 and 19) 
and patches of swamps on peat occur. 

The lower part of the Elegest is characterized by a variety 
of plant communities. In the plain, the main riverbed be
comes subdivided into temporary streams with ever-chang
ing directions. On the river banks, forests of Populus 
laur(folia without a herbaceous layer may prevail. Close to 
the foothills, valley sediments are mainly cobble and gravel 
mixed with coarse sand. Here dwarf semi-shrub bunch 
grass desert steppes with Artemisia frigida and nearly 
vegetation-free habitats supporting only Nanophyton 
erinaceum and Spiraea h)pericifolia are present. 

Downward, channel banks are rich in tluvial willow and 
poplar forests (Populus laur/folia) with steppe herbaceous 
cover of Poa attenuata, Polygonatum odoratum, Euphorbia 
discolor, Calamagrostis epigeios and Astragalus austro
sibiricus (cover 40 % ). The height of the trees is 20-22 m 
and the crown density 0.2- 0.4. In the undergrowth Salix 
bebbiana, Rosa acicularis and Caragana spinosa occur. 

Slightly salt meadows are typical of this lower part of the 
Elegest valley. Dominating species are Elymus dahuricus, 
Calamagrostis epigeios and Agrostis gigantea. The height 
of the herb layer of these mown meadows is 60- 80 cm, the 
cover I 00 %, and the production is 2.2- 2.3 tons/ha. On 
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upper well-drained sites of the valley, steppe meadows 
with Bromopsis inennis, Arctopoa tibetica. Elymus 
dahuricus. Medicago falcata and Potentilla bifiirca are 
found. These meadows are 40-50 cm tall, with a cover of 
80- 90%, and a production of 2.5 - 2.7 tons/ha. At the 
overlap of the valleys of the Elcgest and Medjegai forb
sedgc swampy meadows with Carex enen1is, C. cespitosa. 
C. schmidtii, C. capillaris, C. coriophora, C. songorica. 
Juncusfiliformis, Bistorta vii·ipara and Equisetum palustre 
prevail. These pastures are 30-40 cm tall, cover I 00% and 
yield 2.0- 2. I tons/ha. 

In the lower part of the valley large stands of typical 
bunch-grass steppes (no. 10), bunch-grass-sedge steppes 
(no. 11 ), and shrub stands of Caragena sp. (nos. 6 and 7) 
arc found. Communities of Achnatherum splendens, uti
lized as winter pasture, occur on salty soils. 

Forests occupy small areas only. Larch forests do not 
occur below altitudes of 1100 - 1200 m. Communities of 
Larix sibirica with a forb-grass-sedge understorey are con
sidered as zonal vegetation of the middle belt of the north
ern slope of the Tannu-Ola Range. In the plains, the larch 
woodlands are substituted by poplar forests. 

Shrubs are represented by willows and shrub stands of 
Caragena sp. 

Steppes occupy vast areas in the valley especially in the 
upper part of the Elegest. Typical bunch grass steppes make 
up the zonal vegetation of Central Tuva. Dwarf semi-shrub 
bunch grass desert steppes with Artemisiafrigida occur in 
the lower part of the valley. 

Meadows are mainly distributed in the upper and middle 
parts of the Elegest. Swampy meadows are more frequent 
than typical meadows. Swampy communities mainly con
sist of bunch sedge swamps with Carex cespitosa and C. 
schmidtii. Small plots of swampy communities on peat are 
encountered. Nearly barren lands with Nanophyton 
erinaceum or Spiraea hyperic(folia are met on gravel and 
pebble substrates in the lower part. 
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Abstract. In the study area of ca. 8530 km2 located in the 
western part of the Tatarstan Republic in the Middle Volga 
Basin we investigated the effects of landscape fragmentation 
as a result of human-induced forest loss. The purpose of the 
investigation was to understand the dynamics of vegetation 
spatial structure and positions of woody dominants at the 
southern boundary of the mixed coniferous/broad-leaved for
ests of the Southern Taiga Sub zone and at the northern bound
ary of the Northern Broad-Leaved Forest Subzone. This bound
ary coincides with the southern margin of Picea abies, Picea 
obovata and Abies sibirica distribution areas. The pre-agricul
tural landscape of mixed forests has been largely replaced by 
agricultural, urban and industrial sites. 

A vegetation map (scale I : I 00 000) for the whole region 
and a map (scale I : IO 000) for the protected area of 205 ha 
were used for the spatial analysis of landscape and vegetation 
structure. The current vegetation map was compared with the 
map of climax vegetation, which has been regenerated using 
information about ecotopes. Several indicators of vegetation 
pattern were computed, including the number of different 
types, number of patches, average patch area size and perim
eter, index of landscape shape complexity, index of landscape 
heterogeneity, Shannon's diversity index, fractal dimension 
and others. The study showed that old-growth Picea and 
Quercus communities as well as secondary Betula and Populus 
forests are more fragmented and less stable, while Tilia and 
Pinus forests are more stable. 

Keywords: Forest dynamics; Fractal dimension; Middle Volga; 
Spatial analysis; Vegetation pattern. 

Nomenclature: Cherepanov ( 1995). 

Introduction 

The spatial vegetation pattern in modern anthropogenic 
landscapes is determined by ecotopological mosaics on 
one side and by forms and levels of human influence on the 
other. Knowing forest dynamics and patterns of forest loss 
and landscape fragmentation, especially for zonal ecosys
tems at the boundaries of their distribution is necessary for 
answering questions related to the long-term stability of 
ecosystems and biodiversity under the conditions of global 
climate changing (Baker 1995). 

Dynamics of spatial heterogeneity of vegetation, charac-

terized both by its composition and configuration, can be 
investigated by comparing inventory maps of current and 
climax vegetation maps, which are generated using the 
information about ecological heterogeneity of ecotopes. A 
large amount of statistical data, which is needed for such 
kind of analysis, demands the use of special methods of 
investigation. GIS-related techniques and environmental 
modeling provide capabilities for analysing the space/time 
distribution of vegetation, flora and other ecological phe
nomena. Vegetation pattern detected in ecological mosaics 
is a function of scale. This should be taken into account 
when comparing spatial vegetation structure of landscapes 
investigated at different scales (Viktorov 1986; Krummel 
et al. 1987; McGarigal & Marks 1994; Fox et al. 1995; 
Miller et al. 1995). 

The aims of the present study were to examine the 
composition and configuration of mixed coniferous/broad
leaved forests at the southern boundary of its distribution 
under conditions of human-induced landscape fragmenta
tion and dynamics from primary to secondary zonal for
ests. For the quantitative analysis of vegetation pattern one 
can use both of the following measures: (I) integral meas
ures (i.a., patch density, landscape heterogeneity index, 
Shannon's diversity index), which characterize the whole 
study area (region, landscape or some elements of it); (2) 
individual measures (patch area, perimeter, circular index, 
fractal dimension, etc.), which can be analysed statistically 
and spatially, and be used for producing maps. For example, 
the ratio of patch perimeter to area is a good indicator for 
assessment of the degree of anthropogenic influence on 
landscapes. Using spatial analysis models and applying 
GIS-techniques certain statements could be made about 
positions and stability of main woody species and their 
forest formations in recent landscapes of the Middle Volga. 

Material and Methods 

Study area 
The study area of ca. 8530 km is located in the western 

part of the Tatarstan Republic in the Middle Volga Basin 
(55°48' N; 49°6' E). The Middle Volga Valley is located 
between two bedded banch uplands - the Volga Upland in 
the west and the High Transvolga in the east. The valley is 
bordered by the southern rim of the Viatka Ural Upland in 
the North. Kazan is the most ancient city of Middle 
Povolzhie. It was founded about 1000 yr ago on the left 
bank of the River Kazanka, a small tributary of the Volga. 
In this area the Volga is crossing the southern section of the 
Viatka Bar, cutting into limestones and dolomites of the 
Kazan stage of the Upper Permian (Dedkov 1990). 

According to the current botanical-geographical divi
sion (Gribova et al. 1980) some northern parts of the study 
area are included in the subzone of coniferous/broad-leaved 
forests of the subtaiga (Fig. I; Landscapes 31, 32, 33), while 
the southern and southeastern parts (Fig. I; Landscapes 49, 
56, 57) are included in the subzone of northern broad-leaved 
forests - with a small amount of Picea x Jennica. The 
boundary between these two subzones is determined by 
the isoline of the hydrothermic coefficient which is equal to 
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I in this case. The diversity and distribution of the climax 
vegetation in this biogeographical transition zone are de
termined in the first place by relief and mechanical texture 
of soils and the hydrological regime of ecotopes. All land
scape vegetation units are being brought together here -
from formations of coniferous forests of south taiga and 
broad-leaved forests to formations with a contribution of 
typically steppe elements (Porfiriev 1967). The Tilieto
Picietum - with different variants with dominance in the 
ground layer of Aegopodium podagraria, Mercurialis 
perennis or Carex pilosa, prefers weakly podzolized loamy 
soils with a high level of fertility and sufficient humidity. 
The Tilieto-Pinetum ruboso-aegopodietosum is found on 
sandy-loam soils with medium level of fertility and humid
ity; it usually occurs in landscapes of river valleys. Forma
tions of the Querceto-Tilietum, Quercetum, Tilietum and 
variants with the dominants Aegopodium podagraria, 
Mercurial is perennis and Carex pilosa are found on grey, 
clayey and weakly podzolized loamy soils of watersheds 
and their slopes. The Piceeto-Pinetum hylocomietosum 
occurs on sandy, loamy-sandy, middle- and high-podzol 
soils with a low level of fertility and high humidity on the 
terraces ofrivers. The Pinetum cladinoetosum and cladino
hylocomietosum occupy dunes covered by latent-podzol 
soils with low fertility and humidity. Formations of Alnetum 

Fig. I. Landscape typology of the of studied area: 31 - Eletskii 
High Flat Landscape (coniferous/broad-leaved forests of the 
South Taiga Subzone); 32 - West-Kazan Volga Valley Terraces 
Landscape (pine forests); 33 - Kazan Erosive Flat Landscape 
(coniferous/broad-leaved forests); 47 - Civil-Kubninskii Ero
sive High Flat Landscape (steppe forests); 49- Volga-Sviyagskii 
Ridge Dismembered Landscape (broad-leaved forests); 56 -
Volga-Meshinskii Valley Terraces Landscape (pine forests); 
57 - Lower- Meshinskii Flat Dismembered Landscape (broad
leaved forests); 58 - Kamskii Bank Ridges Landscape (broad
leaved forests). January and July temperature in C; precipita
tion in mm/year. 

and Pinetum sphagnoetosum can be found in the low-lying 
elements in habitats with a high humidity level. The areas 
of these last types are small in the region. Mostly, the forest 
formations of the region are situated in the Volga-Kama 
Nature Reserve (VKNR). 

The change of one zonal climax formations for deriva
tives of certain compounds occurs accordingly to the form 
and degree of human influence and with the decrease in 
total forest areas in the background. The zonal coniferous/ 
broad-leaved and broad-leaved forests have been replaced 
by Tilietum, Betuletum, Populetum and Alnetum of differ
ent types, depending on the ecotope. Different types of 
grassland communities, from floodplains to meadows and 
steppe-meadows depending on the soil humidity, take ar
eas occupied by forests because of logging and further 
haymaking. Fire has produced a number of pyrogeneous 
variants of the Pinetum, such as calamagrostietosum and 
convallarietosum. Grazing and recreation on forest lands 
form ruderal variants of forest communities. Natural repro
duction is actually minimized in such communities. 

Floristic analysis revealed that the forests which had 
been formed in the area of the original mixed coniferous/ 
broad-leaved forest landscapes, tend to diminish in the 
number of forest flora elements, both boreal and nemoral 
elements, while meadow and ruderal species increase, along 
with the growing landscape exploitation. There is also a 
clear increase in the amount of xerophytes and eurytopic 
species, therophytes, cosmopolites and naturalized species. 
The order of importance of plant families in the modern 
forest formations corresponds to that of the zonal flora, the 
most important families being Compositae and Gramineae. 

Met hods of data sampling 

A vegetation map (scale I: I 00 000) for the whole region 
and a vegetation map (scale I: I 0000) for the protected area 
of 205 ha in the Volga-Kama Nature Preserve were used for 
the spatial analysis of landscape and vegetation structure. 
The current vegetation map was compared with the map of 
the climax vegetation, which has been generated using 
information about ecotopes. 

The map of vegetation patches (scale I: 100 000) was 
divided into A4 sheets and scanned at I 50 DPI. Files were 
recorded in PCX format. With the vectorizing package 
EasyTrace all scanned images were adjusted and merged 
into one geo-referenced project. Results of the vectorization 
were saved in DXF format and imported into the DIGITMAP 
vector map editor, where the topology was built and cleared. 
After editing of the object geometry, tabular information 
was added to each vegetation patch, and both geometry and 
tabular information were saved in internal DIGITMAP 
format SMD. That file was converted into the Maplnfo 
exchange format MIF/MID and imported into Maplnfo 
Professional v. 4.0.2. The Maplnfo Professional was used 
to calculate data for each patch (area, perimeter, centre 
point) and for results mapping. Then statistical analysis of 
produced tabular data was performed. and indices were 
calculated. 

Several indicators of vegetation pattern were computed, 
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including the numher of different patch types (m), number 
of patches (n), i-th patch area (A) and perimeter (P), total 
area (A), mean patch area (MPA), patch density (PD), 
landscape complexity index (LC[), landscape division in
dex (LD[), landscape heterogeneity index (LH[), Shan
non's diversity index (H), Landscape stability index (H1)

see Table I. The circular index (Cl) and fractal dimension 
(FRACn were calculated using the following formulas: 

Cl=4pAJ P/ ( 1) 

FRACT= 2ln(P;) I ln(A;) (2) 

Results and Discussion 

The study showed 83 patches in the protected area in the 
reserve, represented by 41 plant community types defined 
by dominating species. The actual vegetation pattern has 
changed considerably: the number of patch type compo
nents had increased by a factor 8, the number of patches 9 
x, mean patch area and patch density decreased to 1/10, the 
landscape complexity index increased 100 x and Shannon 
Diversity index with a factor 3 (Table 1 ). 

The same approach has been used for the analysis of 
vegetation cover for the region as a whole. Patch picking 
here was conducted at the level of formations according to 
a dominating species. Increase in vegetation pattern com
plexity in the conditions of present anthropogenic land
scape takes place as well. But there is a tendency for 
increased uniformity because of increased rural areas. The 
total number of indicated patches is 3702, 2537 of them 
being forest patches, including planted forests. When we 
compare the significance of the indicators describing the 
distribution of different formations within the boundaries 
of the studied area, we note the definite importance of the 
formations' spatial distribution and for the degree of stabil
ity of their spatial structure. For the climax formations 
these differences are determined first of all by ecological 
conditions of ecotopes. Within the boundaries of the study 
area Piceetum and Quercetum are characterized by higher 
fragmentation and lower stability. Formations of Pinetum 
and Tilictum are less fragmented and more stable. Derived 
Betuletum and Populetum formations have the highest 
fragmentation, Populetum formations have the least stable 
spatial structure. 

Assuming that the fragmentation of the vegetation cover 
is a result of silviculture and agriculture (ploughing, forest 
clearing, stock grazing etc.) - which disturbs original 
boundaries of vegetation formations in the natural land
scape - we attempted to evaluate the degree of anthropo
genic pressure on the territory on the basis of the fractal 
dimension of the vegetation patches. A high value ofFRACT 
indicates a more fragmented landscape, and the highest 
values are expected at the boundaries of neighbouring 
landscapes (Fig. 2a). As for different vegetation types the 
most complicated is the form of pasture grasslands (Fig. 
2b). 

According to the fractal dimension map (Fig. 3) low 
values of FRACT are rare in the region. A map of fractal 
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Fig. 2. a. Means and 95% confidence intervals of fractal 
dimension (FRACT) for the landscape types. Numhers of 
landscape types are given in Fig. 1; 0 - patches on the bounda
ries of the neighbouring landscapes. b. Means and 95% confi
dence intervals of fractal dimensions (FRACT) for the follow
ing vegetation types: I - Oak; 2 - Oak plantation; 3 - Spruce; 4 
- Spruce plantation; 5 - Pine; 6 - Pine plantation; 7 - Lime; 8 -
Birch; 9 -Aspen; IO - Pastured forest; 11 - Pastured grassland; 
12 - Meadows; 13 - Rural areas. 

dimension was made (scale 1 :500 000, Fig. 3) to fulfil a 
task of assessment of the anthropogenic pressure. 

The circular index (Cl) was clearly dependent on patch 
area (A1). So this property is less appropriate as a form 
indicator. Fractal meanings in turn appeared to be rela
tively independent of patch area. We therefore recommend 
the use of fractal dimensions for further spatial form analy
sis of vegetation patterns. 

Table 1. Vegetation pattern dynamics at the protected area of 
the Volga-Kama Nature Reserv. 

Pattern criteria Symbol Climax Current 

vegetation vegetation 

map map 

Number of patch types 111 5 41 

Number of patches II 9 83 

Mean patch area MPA=A/11 22.7 2.4 

Patch density PD=nlA 0.04 0.40 

Landscape complexity index LCI=nl MPA 0.40 36.4 

Landscape division index LDI= MPA/A 0.114 0.012 

Landscape heterogeneity 

index LHI= 111( I-L(A/A)2)/(m-l) 0.41 0.88 

Shannon diversity index H = -L(A,,4Jlog(A/AJ 1.26 3.92 

Landscape stability index H, = (log(m)-H)/log(m) 0.46 0.27 
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1,268 -- 1,454 
1,232 -- 1,268 
1,189 -- 1,232 

Fig. 3. Fragment of a fractal dimension (FRACT) map of the studied area. 
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Abstract. This paper presents an approach to assess selected 
features of the abiotic environment on the basis of the distribu
tion of plant communities characterized by certain spectra of 
Elleberg indicator values. The study area is located in the 
vicinity of Piricz6w, southern Poland. Phytosociological rel eves 
were used (separately or grouped according to syntaxonomic 
unit) to determine the range of habitat requirements in relation 
to soil moisture (index F), acidity (reaction index R) and 
nitrogen content (index N). On the basis of indicator values for 
syntaxa and the map of the real vegetation of the study area 
three maps were derived showing habitat conditions as to 
moisture, acidity and nitrogen content. These served in the 
generation of a map depicting types of Ecological Regions; 14 
such regions were distinguished which differed in the combi
nations of the three factors analysed. 

Keywords: Acidity: Characteristic species; Ecological Re
gion; Moisture; Nitrogen; Soil; Syntaxon. 

Nomenclature: Matuszkiewicz ( 1981) for syntaxa. 

Introduction 

Methods using indicator schemes, including those in
volving Ellenberg indicator values have been used to as
sess selected components of the natural environment at a 
given site, on the basis of phytosociological releves (Roo
Zieliri.ska & Solon 1994 ). Ellenberg indicator values have 
been tested in several European countries, for instance by 
Deg6rski ( 1982), Koziowska ( 1991) and Roo-Zieliriska 
( 1996) in Poland, (Diekmann 1995) in Sweden, and van der 
Maarel (1993) in The Netherlands. 

Although some authors rejected the approach because of 
problems with the calculation of averages, there is evi
dence that vegetation indicator values are correlated with 
field measurements of soil and climate parameters (e.g. 
Deg6rski 1982; Ellenberg et al. 1991; Diekmann & 
Falkengren-Grerup 1998 ). 

The Ellenberg approach is used not only for site charac
teristics and arrangements of ecosystems but also for the 
cartographic presentation of the spatial distribution of eco
logical features. Advantages and disadvantages of the use
fulness and reliability of such an approach has been widely 
discussed in literature (e.g. Zonneveld 1988 ). Roo-Zieliri.ska 
& Solon ( 1988, 1990) investigated to what degree a 
phytosociological typology of plant communities conforms 
to the ecological arrangement of communities based upon 
indicator values of plant species. 

The paper presents a regional differentiation of habitat 
conditions in a study area in southern Poland on the basis of 
an indicator analysis of syntaxa. 

Material and Methods 

Study area 
Detailed studies on the structure, phytosociological ty

pology and ecology of plant communities were conducted 
in the predominantly rural landscape surrounding the town 
of Piri.cz6w in southern Poland (Kostrowicki & Solon 
1994 ). The typological and spatial diversification of poten
tial and actual vegetation were analysed in an area of 580 
km2. 87 basic typological units of vegetation were distin
guished (Solon 1994 ). 

Basic data 
The indicator analysis was based on (I) a map at scale 

I :25 000) of the real vegetation, and (2) on 371 releves 
made over the years 1983-1989 representing the regional 
variation in vegetation. 

Determination of indicator values for syntaxa 
Edaphic requirements such as moisture index F, reaction 

index R, and nitrogen index N for various plant species 
were estimated according to Ellenberg ( 1974). On the basis 
of the cover-abundance values of the species a weighted 
average of Ellenberg indicator values for each releve were 
calculated. For all vegetation types (syntaxa) represented 
on the map both amplitudes and mean values for the three 
indicator values were calculated. 

Generation of the map of Ecological Regions 
The main sources used to generate a map of Ecological 

Regions included: (I) the map of the real vegetation, and 
(2) the average indicator values F, Rand N for all vegeta
tion units represented on the map of real vegetation. Three 
maps showing the requirements of the vegetation in rela
tion to the three ecological factors (F, R, N) were derived. 

Then, areas with similar indicative characteristics corre
sponding to the class intervals of habitat requirements were 
aggregated on each of the three maps. This rendered three 
maps of regions that differed in terms of the requirements of 
the vegetation with regard to the considered ecological fac
tors. The map of Ecological Regions is a result of overlay of 
the three maps produced for F, R, and N, respectively. 

Results 

Indicator values for syntaxa 
Ecological amplitudes were presented for selected ex

amples of plant communities, namely xerothermic (dry) 
grasslands and mesic meadows of syntaxa of various ranks 
of the Festuco-Brometea and Molinio-Arrhenatheretea. 

In spite of the partial overlap of the ranges of minimum 
and maximum values on the scale of variability of the 
Ellenberg indicator values, it was still possible to determine 
ecological differences between the syntaxa (Fig. I). 

A fragment of a list of syntaxa showing the differences in 
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the indicator values is presented in Table I. The mean 
values for the syntaxa are clearly different, and lie within 
the intervals: F 3.3- 9.0, R 2.3- 8.1, N 1.6- 7 .0. 

Ecological Regions 
The identified Ecological Regions differ in the combina

tion of habitat factors (Fig. 2). The final map of Ecological 
Regions, summarizing the spatial differentiation of the 
selected abiotic conditions, shows most of the study area to 
be occupied by soils that are dry (F I -3 ), mostly neutral and 
alkaline (R 6- 9), of moderate nitrogen status (N 4- 6), 
covered mainly by corn and root-vegetable cultures. Re
gions with soils that are fresh (F 3-6), weakly-acid (R 3-5) 
and with moderate or of high nitrogen status (N 4-6, 6-8) are 
occupied by oak-hornbeam forest and fresh meadows and 
pastures, while those that are dry (F I - 3 ), very acid (R I 
- 3) and with a low nitrogen status (N I - 2) support pine 
forests. A large part of the study area has soils that are wet 
(F 9- I 0), neutral or alkaline (R 6-9), and of moderate (N 4 
-6) to high (N 6-8) nitrogen status. These mainly support 
moist meadows, rush and sedge communities, as well as 
alder and ash carrs (Fig. 2). 

Conclusions 

The indicator analysis describing particular patches of 
vegetation is suitable for the determination of habitat re
quirements for that vegetation and the presentation of 
spatial differences to abiotic conditions (Roo-Zielinska 
1982; Kuchler & Zonneveld 1988; Palinski 1991 ). How
ever, it is difficult to produce such detailed documentation 
for large areas for which a vegetation map was derived by 
means of aerial survey or satellite imagery. In such situa
tions, a quick and precise evaluation of the environment on 
the review scale is made possible by a method of determin
ing habitat conditions based on mean values for a syntaxon 
calculated from selected test plots. The suitability of the 

Moisture index ( F) 
Syntaxon Number Ellenberg 's scale 

or 2 2.5 3 3 5 4 4.5 5 5.5 6 6.5 7 
releves 

Festuco-Brometea 60 

Festucetalia valeslaceH 60 

CirskHllachypodion pinnatl 49 

T"-lictro-Salvletum pratensls 11 -lnultitum ensifollae 24 

AdonJdo..Brachypodfel:um 10 

Sesleric>-SCOfZOneretum 4 -Festuco-Stlplon 11 

Sisymbrio-SUpetum caplllatae 7 

Koelerio--Feslucetum sulcala& 4 -Mollnlo--Arrhenatheretea 67 

Armenatheretalia 26 

Arrhenathefion 26 

Atrhenatheretum alatioris 17 

Anhenatheretum plantaginetosum mediae 9 -Anhanatheretum centuaureetosum rhenanl 8 
Molinlatalia 41 

Calthioo 41 

Clrsio--Polygonetum 15 

7.5 8 

Table 1. Mean values of Ellenberg indicator values for mois
ture (F). reaction (R) and nitrogen (N) for IO selected syntaxa. 
n = number of relevcs. 

II F R N 

Caricetum gracilis typicum 8 8.6 6.1 4.3 
Leucohryo-Pinetum 6 4.3 2.9 3.7 
Circueo-Alnetum 4 6.4 6.2 7.0 
Phragmitetwn australis 4 9.0 6.9 5.2 
li/io-Caq,i11et11111 19 5.2 5.5 5.4 
/1111/etum ens{fo/iae 6 3.4 8.1 2.9 
Calluno-Nardetum 3 3.3 2.3 1.6 
Spergulo-Cor')'llt'JJ!Wretum 5 3.5 4.3 2.6 
Koelerio-Fest11ce111111 su/catae 4 3.5 7.8 2.9 
Thalictro-Sa!,·ietum pn11e11sis II 3.5 7.2 3.3 

method depends on the range of values for the Ellenberg 
indicator values the narrower this range is, the more precise 
and unambiguous is the conceptualization of abiotic condi
tions (Roo-Zielinska 1996). 

Maps of Ecological Regions obtained by way of indica
tion do find application in spatial planning (Roo-Zielinska 
1982), and may also constitute one of the bases upon which 
to predict transformation in the natural environment under 
the influence of natural processes and anthropogenic im
pacts (Roo-Zielinska & Solon 1991 ). 

Reaction index ( R) Nrtrogen index (N) 
Ellenberg 's scale Ellenberg 's scale 

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 

- --- -
Fig. 1. Amplitude of Ellenberg indicator values in real plant communities: xerothermic grasslands (Festuco-Brometea). and mesic 
meadows (Molinio-Arrhrnatheretea). 
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Fig. 2. Typology of Ecological Regions. 
I. F - dry. R - very acid. N - low: 
2. F dry. R - acid. N - moderate: 
3. F - dry. R - acid. N - high: 
4. F - dry. R - weakly acid to basic. N - low: 
5. F - dry. R - weakly acid to basic. N - moderate; 
6. F - dry. R - neutral, basic. N - high. very high: 
7. F - fresh. R - acid. N - high. very high: 

ff~{,$~ 1 

~2 

~3 
~ 

11.14 
F•'/;~J s 

c::J 6 

~7 

Ima 
1111119 
lffllll 10 

111111 

f[[ll 12 

1§1113 
1111114 

8. F - fresh. R - weakly acid. neutral. N - moderate, high: 

9. F - fresh. R - weakly acid to basic, N very high: 
10. F - moist. R - acid. N - moderate: 
11. F - moist, R - weakly acid to basic, N - moderate. high; 
12. F - wet. R - acid. \I - high: 
13. F - wet. R - weakly acid. neutral. N - moderate, high; 
14. F - wet. R - neutral, basic, N - moderate. high. 
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Abstract: Five forest community types and two woodland 
community types were distinguished based on 218 stand ta
bles of Pin us sylvestris forests from four regions in the north of 
West Siberia. Along of a 38 km long landscape transect across 
60 forest sites in the valley of the Left Khetta River the ground 
water table and the composition of surface deposits were 
determined and 69 fire scars on tree trunks were collected. 
Variation in ground water level explains only part of the 
phytocoenotic structure of the forests communities, while the 
variation in surface deposits of the sites was more important 
factor. Under conditions of a high groundwater table Sphag
m1111-lichen woodlands are developed. Lichen-rich woodlands 
are formed partly through wind action. Tree structure in the 
stands is connected with the forest fire regime. The abundance 
of the feather mosses and lichens does not depend on dynamic 
phenomena, but seems to vary in relation to tree layer density. 

Keywords: Forest; Fire; Groundwater; Lithology; Tree stands; 
Understorey vegetation. 

Nomenclature: Cherepanov ( 1981 ); Abramova et al. ( 1961 ); 
Abramov ( 1971-1978 ). 

Introduction 

The aim of this work is to reveal the importance of soil 
factors (groundwater and the composition of deposits) and 
forest fires for the phytocoenotic structure of pine forest 
communities in the northern taiga of West Siberia. The main 
element in the identification of forest types in Russia is the 
dominance of species in the understorey vegetation. I want 
to evaluate whether the phytocoenotic structure of pine 
forests may be used for the site indication in forest typology. 

Pine forests are widely spread in northern West Siberia 
up to the forest-tundra boundary zone (Iljina et al. 1985). 
They are mainly developed on sandy and sandy loam soils 
without permafrost. In the tree layer Pinu.1· sy/vestris is the 
common dominant, often accompanied by Betu/a puhescens 
and Larix sibirica. Prolonged fire-free periods may lead to 
formation of tree stands with Pinus sihirica and Picea 
obovata. P/eurozium schreberi, C/adina ste/laris, C. mitis, 
C. arbuscu/a dominate in the forest floor. The floristic 
composition of pine forest communities on dry soils allows 
to assign their associations to the Dicra110-Pi11io11. Obser
vations indicate that there is no clear relation between the 
phytocoenotic structure of the communities and soil condi
tions of sites. 
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Material and Methods 

Vegetation relevcs were made in different parts of north
ern West Siberia. They were united in several groups: (A) 
the Left Khetta River basin (the left tributary of the Nadym 
River), 65°N, 73°E; 1987; 150 relevcs; (B) the Kazym 
River basin, Poluy eminence, 64° 15' N, 70° E: 1988; 28 
relevcs; (C) Siberian Slopes near Noyahrsk, 62°45'N, 75°E, 
1993; 17 relevcs: (D) southern part of Surgut Polesje, 
61 °45'N, 74°E; 1994; 23 relevcs. 

The relevcs from groups B and C were united in one 
BC group as they appeared to be similar in physical
geographical conditions and phytocoenotic structure. The 
D and BC groups are relatively southern, while the A group 
is northern. The BC group is found in areas with sandy 
loam and loamy surface deposits, A and D in areas with 
solely sandy soils. 

Relevcs from group A were collected from a 38 km long 
landscape transect crossing the second alluvial terrace of 
the Left Khetta River, areas with glaciofluvial sediments 
and isolated mounds of bedded sands and gravels. The 
composition of surface deposits and groundwater table 
were determined in 60 sites along the transect by boring to 
a depth of 5 m. For each community type the detection 
frequency of ground waters and loamy layers on different 
depths were calculated. It shows how many cases are in 
which the ground water (loamy layer) meets on the certain 
depth or above. 

In the tree layer the age and height of trees, the diameter 
of trunks, wood stock, and basal area were determined. A 
distinction was made between syngenetic, epigenetic and 
residual tree stands and forest layers by the age and age 
structure, the presence of vestiges of a forest fire and by the 
tree species composition. 

Syngenetic tree stands are tree stands of the first genera
tion appearing and developing simultaneously with layers 
of moss and grass. Primary syngenetic tree stands appear in 
newly formed sites in floodplains and on aeolian dunes. 
Secondary stands occur on sites destroyed by fire, windfall, 
and cutting. As a rule they are formed by light-demanding 
and fast-growing tree species. The post-fire syngenetic 
stands and layers are even-aged and trees in them have no 
fire scars on the trunks. 

Epigenetic tree stands are tree stands of second and 
subsequent generations which appear and develop under 
the control of a preceding generation of trees. They are 
formed by shade-tolerant and long-living tree species. The 
epigenetic tree stands are multi-aged. 

Residual tree stands can he formed from syngenetic and 
epigenetic ones under the effect of some selective factor 
(fire, cutting, windfall, etc.). when only part of trees de
stroys. The remaining part of trees formed residual tree 
stands. The syngenetic generation which is formed as a 
result of such an effect may coexist with a residual one. In 
this article I describe residual generations which are formed 
after forest fire. Fire-resistant species with thick hark, such 
as Larix, dominate in these stands. Trees in the post-fire 
residual stands have fire scars on trunks or charcoal on harks. 
Along the transect I checked 69 fire scars to determine 
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inter-fire periods. The period after fire on sites when all 
trees were killed was determined by tree age in the syn
genetic stands. 

Results and Discussion 

Five forest and two woodland communities were distin
guished: (Table I): 
P Pleurozio-Pine/11111: 

PCs Pleuro;:io-Pinetum cladi11erosw11 srellaris: 

PCm Pleuro;:io-Pi11etw11 c/adinerosum miris: 

Cs C/ado11io-Pi11eru111 cladinerosum stellaris: 

Cm Cladonio-Pinetum cladinetoswn miris: 

Sf Sphaerophoro-Pinetum: 

Sn Sphai;no 11e111orei-Pi11et11111. 

All community types show relatively distinct floristic 
differences which correlate with the abundance of 
Pleurozium schreberi. The projective cover of Pleurozium 
is not more than I 0% in the lichen-pine communities (Cs, 
Cm, Sf, Sn). In the lichen-feathermoss communities (PCs, 
PCm) it varies from 5'7~ to 70%, and in the feathermoss 
community (P) - from 60% to I 00%. Lichen abundance 
changes accordingly. In types with Cladina stellaris (PCs, 
Cs) the cover of this species exceeds that of the other 
Cladina species, which do not reach more than 10- 15%. 
Cladina arbuscula and C. rangiferina co-dominate with C. 
mitis in the C. mitis types (PCm, Cm), but C. stellaris does 
not reach more than 5-30 (maximally 50%). 

The understorey vegetation of Pin us sylvestris forests is 
formed by species which arc widespread in the Holarctic, 
or have ecologically vicariant species. The Siberian char
acter of the forests is formed by Lee/um palustre and the 
northern character by Vacciniwn uliginosum,Arctostaphylos 
uva-ursi. Empetrum nigrum and Calamagrostis lapponica. 
Groundwater is not a decisive factor for the phytocoenotic 
variation of communities (Fig. I). Although a higher 
groundwater level leads to the formation of Sphagnum
lichen woodland (Sn) with Sphagnum nemoreum (Vasiliev 
1994 ), other communities do not differ as to their 
groundwater relations. 

Forest community sites are clearly different in the com
position of surface deposits (Fig. I). The loamy layer at 2 m 
depth (or less) may be found in 80% of the Pleurozio
Pinetum, 45% of the Pleurozio-Pinetum c/adinetosum mi
tis and I Oo/c of the Pleurozio-Pinetwn cladinetosum stellaris 
sites. Both the C/adonio-Pinetum c/adinetosum stellaris and 
Cladonio-Pinetum c/adinetosum mitis are developed on 
pure sands. It means, that the composition of the under
storey vegetation of pine forests is determined by soil 
factors which are connected mainly with a lithology and 
soil fertility under similar regimes of soil moisture. 
Pine-lichen woodlands may appear under wind impact 
at the same sites as forests of similar topographic condi
tions. However, the strong correlation between forest 
community types and the presence or absence of loamy 
layers in sand deposits is not found. It is possibly the 
effect of external factors and the overstorey canopy 
closure. 

Tree stand structure is largely determined by the impact 
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Fig. 1. Occurrence of groundwater (below) and loamy layers 
(above) at different depths. Frequency of occurrence indicates 
the probability (%) of finding the groundwater (loamy layer) 
up to a certain depth. For abbreviations of the community 
types, see Text. 

of periodical forest fires. 53 (77%) fire scars on tree trunks 
collected at the Left Khetta River basin are from four 
periods: 1950-1957, 1910-1923, 1865-1873and 1807-
1809. The sum of these years with scars is 34. In intervals 
between these periods (in total 143 yr) only 16 fire scars 
were found. Besides, fire scars from 1740 and 1690 were 
observed. This all means an estimated periodicity of forest 
fires of 40 -70 yr. 

The trees which have survived two, three or four forest 
fires dominate in communities with Cladina mitis (Cm). In 
such communities fires probably were of low intensity due 
to more frequent burning which prevented the formation of 
epigenetic tree stands. In forests with Cladina stellaris (Cs) 
the tree layers have a low density. In such communities 
crown fires do not develop, but surface fires may have a 
higher intensity due to a thicker and more continuous 
lichen floor. 

The generation of trees of 60- 70 yr dominate in 95% of 
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Table 1. Floristic composition of the pine forest communities. C = projective cover ({7,-) for shrubs, herbs, mosses, lichens; tree 
stand density according to a Oto I 0-point scale for the main tree layer (a); share in tree species composition in points from 0 
to IO for tree regeneration layer (b). F = frequency in classes: I=< 20%, II = 20-409', III= 40-60%, IV= 60-80(7,-, V = 80 
-100%. 

Community types 

Region groups 
Number of releves 

Pim<.\ sy/\'estris ( a) 
Pi nus sylvestris (b) 

Larix sibirirn (a) 

Larix sibirirn (b) 

Bellda pubescens (a) 

Bellda pubescens (b) 
Pinus sibirica (a) 

Pinus sihirica (b) 

Picea obovata (a) 

Picea obomta (b) 

Popu/11.1 tremula (a) 

Pop11/u.1 tremula (h) 

Vt1ccinium ritis-idaea 
Ledum palustre 
C/adina stellari.1 
C/adina mngiferina 
C/adina mitis + arhuscula 
Pleuro:ium schreheri 
Vaccinium myrtillus 
Dicranum polysetwn + D. sp. 
Empetrum nign,m s.l. 
Vt1cci11ium uliginoswn 
Polytrichum juniperinum 
Stereornulon pasclwle 
Betu/anww 
Carex globularis 
Andromeda po/ij,,/ia 
Sphagnum ('Ofll/htctum 

Sphagnum nemoreum 
Po!Ytrichum strictum 
Oxycoccus microca17nt.\ 
Splwgnum ji1.1rn111 
Cetmria spp. 
Festuca m·ilw s.l. 
Splwerophorusfmgilis 
Po!Ytrichum piliferum 
C/adonia spp. 
Cetraria /ae\·igata + is/wulica 
Cetraria nii'alis 1 

Arctostaphylos lffll-Ursi 

Carex ericetorum 
Calamagrostis lapponica 
Solidago l'irgaurea 
Antemwria dioica 
Diplwsiastrum complanatum 
Juniperus communis 
Peltigera aphtosa + canina 
Salix bebbiww + phylicif,1/ia 
Polytrichum commune 
Ptilium crista-castrensis 
Hylocomium Iplendens 
Pedicularis labradorica 
1cucullata + ericetorum 
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5 II 
II 
II 
Ill 

Ill 
I 
II 

Ill 
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the Pleuro::,io-Pinetum communities; they often have a 
high density. This is also true for the feathermoss-lichen 
communities PCm and PCs, while in communities PCm 
and Cm a Pinus generation of 160-170 yr, often dominates. 
Feathermoss communities rarely burn, because the period 
of dry matter accumulation is longer, but crown fire inten
sity may be higher since the density of the tree stand is 
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bigger. The high density of the tree canopy in such commu
nities may determine the domination of fcathermosscs. 

The described forest stands arc mainly dominated by 
Pin us syfrestris, but Belli/a pubescens, Larix sibirica, Picea 
obomta or Pi11us sibirica may take part or even co-domi
nate in them under various conditions (Fig. 2). Birch has a 
high abundance and frequently dominates in syngenetic 
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Fig. 2. Tree stands composition (columns), wood stock (Y, 
stroked line) and stem number of tree regeneration (N, dotted 
line) in Pin us sr/vestris forests of West Siberia: a. Main layer 
of epigenetic tree stands, 130-200 years old; b. Tree regenera
tion in epigenetic tree stands; c. Main layer of residual tree 
stands, 120-150 years old; d. Main layer of syngenetic tree 
stands, 40-80 years old; e. Tree regeneration in syngenetic and 
residual tree stands. For abbreviations of community types, 
see Text. 

tree stands, larch in residual ones. The abundance of Pinus 
sylvestris in syngenetic and residual tree stands increases 
continuously from the feathermoss (P) to the lichen (Cs, 
Cm) community types. The shift from a P. sylvestris to a 
dark coniferous stand is more probable in communities 
with fcathermoss (P). as the regeneration of Picea ahies 
and Pinus siherica is abundant here. In epigenetic tree 
stands wood stock and basal area rise regularly from Cs to 
P, which is probably related to the soil conditions. How
ever, the variation in the relative abundance of P. abies and 
P. siberica between types cannot be considered as diagnos
tic. So, in the Cs type communities pure P. siberica stands 

were revealed. In all cases these stands occurred in sites 
either directly adjoining the floodplain or situated in the 
vicinity. This is probably related to the availability of P. 
siberica seeds to these sites, transported by animals from 
floodplain forests. 

The fact that epigenetic tree stands are described practi
cally in all community types shows that the variation in 
phytocoenotic structure of the understorey vegetation is 
not connected with dynamic phenomena. Feathermoss (P) 
and feathermoss-lichen (PCm, PCs) forests are different 
mainly because of the differences in deposit composition. 
They have a similar tree stand structure and their understorey 
vegetation may be used as a key to the differentiation of site 
types by the presence or absence a loam in the soil. Sphagno 
nemorei-Pinetum woodlands are characterized by a high 
groundwater table. Sphaerophoro-Pinetum communities 
are formed under distinctive topographic conditions, where 
the wind activity is high. Lichen forest communities (Cm 
and Cs) are formed on pure sands, which are hardly differ
ent from sites with feathermoss-lichen (PCm, PCs) forests. 
In this case the fire regime is different and the lichen 
dominance in Cm and Cs is related to the low density of the 
forest layers. 
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Abstract. Abrupt spatial changes in species composition of 
Swiss forests reflect small-scale patterns in topographical and 
geological site factors as well as management influences. 
Therefore, it has always seemed appropriate to define discrete 
forest units, i.e. plant associations or vegetation units gener
ated by clustering, rather than by the arrangement of plots 
along underlying environmental gradients. Well-defined for
est units are essential for mapping projects aimed at manage
ment applications. After having revised the old classification 
system of Ellenberg & Kkitzli ( 1972) on the basis of new data, 
we faced a lively resistance Lo the new classes, primarily by 
people who had classified forests in specific regions. In search 
of a solution to the problem, we tested the old classification 
system by using direct and indirect gradient analyses on more 
than 6000 releves. We found that these forest releves are 
arranged continuously. We compared the resulting gradients 
with secondary site factors. Previously described vegetation 
units were reviewed by displaying them in ordination space. 

Keywords: Complementary Analysis; Correspondence Analy
sis: Forest gradient; Revision. 

Introduction 

In Switzerland, a multitude of geological formations as 
well as different climates meet on a small area of only 
40000 km2• Consequently, the resulting vegetation varies 
considerably. The real vegetation was classified into nu
merous types and there was also good reason to distinguish 
between many different species assemblages. 

It is widely believed that large areas of the forests are in 
a rather natural state and it is a declared objective of 
forestry departments to maintain or to re-establish this 
state. Also in the federal forest law, site or vegetation 
classification is declared mandatory as a basis for all forest 
projects. 

A cornerstone in forest vegetation classification was set 
by Ellenberg & Klotzli ( 1972 ). The authors divided the 
total forest vegetation of Switzerland into 71 units by 
applying the so-called releve punch card method on 5000 
releves (Ellenberg & Christofolini 1964; Mucllcr-Dombois 
& Ellenberg 1974 ). This procedure corresponded to some 
extent to a modern computer classification. Since this 
publication appeared, the new system has been applied to 
numerous regional forest vegetation surveys (e.g. 
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Schmider et al. 1993; Frey 1995; Ott et al. 1997). The old 
classification is in fact still used today, even though the 
data base has increased meanwhile to as many as 15 000 
rel eves. 

We established a data base consisting of 15000 available 
releves in order to revise the old classification system 
(Wohlgemuth 1992; Wildi et al. 1996). The most obvious 
weakness of the data collection is that there has never 
existed an underlying statistical sampling design. This led 
to various problems such as over- and under-representation 
of types, limited reliability in the determination of species, 
different homogeneity of the different releve plots. Data 
from ca. 300 different sources of publications were com
piled in the data base. Many of these studies were based on 
preferential sampling, which generally reinforces the dis
crete view of vegetation. On the other hand, we hoped that 
the large number of releves would compensate for some of 
the weaknesses. 

We faced a lively resistance to our new classification 
system, primarily by people who had classified forests in 
specific regions of Switzerland earlier. In particular, they 
did not agree with the proposed new units. In search of a 
solution to the problem, we tested the old classification 
system by using direct and indirect gradient analyses. 
Evaluating a classification system is a delicate task because 
classification is often considered an art rather than a scien
tific method and hence influenced by personal preferences. 
In this paper we address the following questions: 
I. Are Swiss forest communities discrete units? 
2. Which are the predominant gradients in Swiss forests? 
3. Does the traditional classification system of Swiss for
ests need a revision? 

Material and Methods 

In order to test the traditional alliances and associations, 
we created an ordination space using as many releves as 
possible (CANOCO, version 4; ter Braak & Smilauer 
1998). Two data sets served as test data: 'Switzerland' with 
nationwide data (6525 relevcs) and 'N Switzerland' (6266 
releves) consisting ofreleves from Swiss areas north of the 
Alps (Table I). A majority of the releves of the data base 
describe natural forest stands, i.e. the vegetation is consid
ered close to the potential natural vegetation (PNV; Tlixen 
1956; Westhoff & van dcr Maarel 1978). The data sets 
include a considerable number of core releves which were 
originally used by Ellenberg & Klotzli ( 1972) to define the 
71 old units. In order to test the quality of the old classifica
tion we visualized the core releves in ordination space built 
by the large data sets. This procedure is also known as 
complementary analysis (Kent & Ballard 1988 ). 

Apart from the species information, we also included 
secondary environmental variables. According to Walter 
( 1960), we defined the following easily measurable vari
ables as secondary factors: climate (radiation, rainfall, 
temperature), relief (slope, aspect), soil (type, structure, 
chemical properties, water storage), biotic factors (man, 
animals, plants). Ecologically relevant factors with a direct 
effect on plants are considered primary: warmth, light, 
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Table 1. Data sets used in the analyses. 

Data set Switzerland N Switzerland 

Data constraints - tree cover> 50 C/c - tree cover > 50 'le 

- coordinates available - coordinates available 

- plot size 50 to 300 m' - located in Jura Mts, 

No. of releves 
- date> 1950 
6525 

1820 

Central Plateau or Northern Prealps (Wohlgemuth 1996) 

6266 

No. of species in layers 1563 

water, chemical factors (nutrients) and mechanical factors 
(wind, snow, disturbance). 

In order to detect discrete releve groups as well as primary 
site factors which often are revealed by species positions 
along the axes, we conducted Correspondence Analysis 
(CA) on both data sets (percent coverage of species, 
downweighting of rare species). In an additional analysis -
not presented here - we ran Canonical Correspondence 
Analysis (CCA) including environmental variables. 

Results 

In the CA-ordination diagrams of the relcves, no discrete 
groups arc detectable (Fig. I). The releves are arranged 
along gradients. Distinct arcs arc visible in the ordinations 
of both data sets. In addition, the ordination displays reflect 
unbalanced distribution of relevcs. 

According to the positions of the species along the axes, 
we interpreted the first two axes in ecological terms i.e. 
with primary factors. CA-axis I corresponds best with the 
mean availability of nutrients and, partly, with warmth and 
soil acidity (geological substrate). CA-axis 2 corresponds 

6 

best with drought stress or water demand, or more com
monly, moisture. 

Core releves are displayed in the CA-ordination space 
based on the data set N Switzerland. Their assignment to 
different traditional units is indicated with different sym
bols, following the classification hierarchy in Ellenberg 
& Kli:itzli ( 1972). i.e. alliances, associations and subasso
ciations. With respect to the system of alliances, ordina
tion results correspond with the traditional classification, 
i.e. groups of core releves overlap only partly in ordina
tion space. With respect to the system of associations and 
subassociations, the units overlap considerably (Fig. 2). 

Discussion 

Discreteness and continuum 
Our CA-ordination results revealed a continuous gradi

ent system of Swiss forest vegetation. This, on the one 
hand, is not very astonishing because the large number of 
rcleves involved presumably could blur discrete patterns. 
On the other hand, even in the highly structured landscape 
of Switzerland, the expected discreteness of at least few 
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Fig. 1. CA-ordination of 6525 releves and 28 
tree species of data set 'Switzerland'. Species 
symbols reflect the log transformed weights re
sulted from CA. Axes are labeled according to 
the interpretation that is based on the relative 
positions of the tree species. In order to compare 
the CA-ordination with the ecogram for Central 
Europe (Ellenberg 1963, 1988), the first CA-axis 
is reversely displayed. 
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Fig. 2. CA-ordination of core relcves which were used by 
Ellenberg & Klotzli ( 1972) to define forest associations and 
sub-associations (data set). Ordination space was built using 
the data set 'N Switzerland'. The display shows core releves of 
the alliance Eu-Fa1;io11 (eutrophic beech forests). 

associations is not visible. This in turn raises the question 
about the delimitation of vegetation types. While in early 
1970, the data available (ca. 5000 rel eves) did not cover the 
entire ecological variation and therefore reflected more 
discreteness, today we face three times more data resulting 
in more difficulties for classification because the patterns 
are more continuous now. Future classifications need to 
emphasize gradients and reference releves within the veg
etation continuum rather than preferentially sampled data 
which until recently served as core units. 

Gradients 
The CA-ordination of the data set Switzerland revealed 

the primary factors: mean nutrient availability (CA-axis I) 
and drought stress - moisture (CA-axis 2). Nutrient avail
ability is strongly dependent both on water availability and 
warmth, though. A proper distinction between the factors, 
nutrient availability and moisture, is almost impossible. 
This effect is expressed exactly by the tree species in 
ordination space. We compared the CA gradient system 
with the ecogram of Ellenberg ( 1963, 1988). The ecogram 
is considered a direct ordination (Wildi 1986) using the two 
axes of acidity and moisture. In contrast to our results, the 
ecogram was designed with expert knowledge of the re
gion. The species positions along the axes of the CA
ordination correspond fairly well with the ones in Ellenberg's 
ecogram, although the first axis of the ecogram is origi
nally defined as acidity. Ellenberg & Klotzli ( 1972) adopted 
the ecogram concept but replaced 'acidity' as the denomi
nation of the first axis with 'nutrient richness', which in 
turn corresponds to our first CA-axis. This implies that the 
meaning of the well-accepted and widely applied ecogram 

is ambivalent with respect to the first axis. In a different 
study we paid special attention to this problem (Wohlgemuth 
etal.1999). 

The predominant gradients in Swiss forest vegetation are 
nutrient availability and moisture in terms of primary fac
tors. In terms of secondary factors, the forest vegetation is 
best explained by the factors degree days, annual rainfall 
and soil skeleton. Soil acidity i.e. the geological substrate, 
is masked by the availability of nutrients (Fig. I, CA-axis 
I). Low availability of nutrients corresponds to sites at 
higher altitudes where the substrate is not of primary im
portance. In contrast, tloristic differences of sites at low 
altitudes can be well explained by the geological substrate. 
However, these differences again are strongly related to 
nutrient availability. 

Eva! uation r~f the traditional classification system 
Results of complementary analyses confirm the prob

lems that emerge in all the new regional classification 
projects concerning forest vegetation in Switzerland. These 
problems include the fact that many of the defined vegeta
tion units overlap, and hence, there are considerable diffi
culties of distinction, not only between, but also among 
regional associations. Generally, associations are well de
fined within the alliances at the end of the vegetation 
gradients (low availability of nutrients. high drought stress; 
e.g. mixed oak forests). In beech forests, in contrast, only 
about 50'7c of the associations are well-defined. In the 
centre of the CA-ordination, distribution patterns of many 
associations overlap considerably. We consider mainly two 
reasons for that. I. For methodological reasons, CA
ordinations result in a dense centre with many releves and 
a scattered periphery consisting of few releves with differ
ent species composition. 2. Mesic sites in lowlands are 
suitable for almost all trees in Switzerland, resulting in an 
increased competition pressure. Small ecological differ
ences in these sites result in considerable differences of 
tree, shrub and herb species composition. Ecological dif
ferences may be, in addition, caused by large plot size or 
differences in forest management. Taking into account 
additional random variation, the ecological interpretation 
of the units in terms of species is difficult. We conclude that 
it is not a coincidence that exactly the mesic forest units are 
the ones leading to the most distinct contradictions in 
actual mapping projects. Our results show that some parts 
of the traditional system need to be revised. To generalize 
rather than divide vegetation units would often be justified. 
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Abstract. Geobotanical studies were conducted on Seili and 
12 adjacent smaller islands in the Turku Archipelago in Fin
land and aimed at comprehensive analysis of vegetation struc
ture on different islands of the archipelago in correlation with 
habitat differentiation, human impact and island size. 

The flora consists of 1288 species (625 taxa of vascular 
plants, among them 18 new to the Turku region and 663 taxa of 
cryptogamic plants as well as lichens and macromycetes). The 
share of species with different historic-geographical status. of 
socio-ecological groups and of geographic elements was ana
lysed and compared to the flora of the region and country. 

Vegetation studies comprised differentiation and descrip
tion of plant communities, their structure and relation to 
habitat conditions. The distribution of syntaxa was shown in the 
vegetation map on the scale I: 4000. Seven new associations 
have been described, mainly from the group of meadow-, sward
and forest-edge communities. 

Keywords: Braun-Blanquet approach; Bryophyte commu
nity; Flora; Hemiboreal zone: Lichen community: Macro
mycete; Vegetation complex: Vegetation mapping. 

Nomenclature: Mirek ct al. ( 1996 ); Hamet-Ahti et al. ( 1986 ): 
Faltynowicz ( 1993): Soderstrom ( 1995): Ochyra ct al. ( 1992). 

Introduction 

The main aim of these studies was to analyse the vegeta
tion structure on the islands of the archipelago in relation 
to habitat differentiation, human impact and island size. 
The present paper presents the scope of the investigations 
and shows only some of the results of an elaboration, 
which comprises the following items: flora, plant com
munities. complexes of plant communities and the map of 
the actual vegetation. 
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Material and Methods 

Study area 
The geobotanical studies comprised Seili and 12 smaller 

islands (Table 2) and skerries, situated ca. 30 km SW of 
Turku at the northern boundary of the Hemiboreal zone 
(Ahti et al. 1968). The investigated part of this archipelago 
has a humid climate. It has a lower annual precipitation -
600 (612) mm/yr. a higher annual temperature-5.0 (4.5 )°C 
and more sunny days compared to Turku, situated on the 
mainland (Turku data in brackets) (Petaja & Juusti 1979). 
The dominant geological formations are paleoproterozoic 
granite and gneiss rocks with a small share of tills, as well 
as coarse sand and gravel of different origin. The valleys 
are filled with marine deposits (Anon. 1997). The maxi
mum altitude is 55 m. The total land upheaval is 5 mm/yr 
(Petaja & Juusti 1979). 

In 1962 a 17th century hospital was closed and in 1977 
its buildings were converted to the Archipelago Research 
Institute of the University ofTurku. This brought about the 
cessation of land use, mainly in the valleys and resulted in 
major changes in vegetation. Plantations of trees of differ
ent geographic origin were introduced on the abandoned 
fields. 

Geobotanical studies were designed and first conducted 
by the late Prof. Teofil Wojterski, during seven vegetation 
seasons during the period 1978-1997. Preliminary results 
on the investigations were published by Wojterska ( 1989) 
and Wojterski et al. ( 1993 ). 

Collection and e\'(/lllation of data 
Floristic data were collected separately for each island 

and the flora of mosses, liverworts and vascular plants 
additionally in squares 500 m x 500 m each. Phytosocio
logical studies including 1100 releves according to the 
Braun-Blanquet approach, in which 89 communities were 
documented, preceded the designation of cartographic units. 

Results 

The flora of the Seili Archipelago, which has an area of 
approximately IO km2, counts totally 1288 taxa. On the 
investigated islands 220 taxa of lichens were found. 71 of 
which are considered very rare. These are mainly epilithic 
species from the genus Leccmora (l. acharicma. L. cenisia, 
l.frustulosa and L. grumosa) and several species growing 
on the bark of trees. Boreal and subboreal species (Duell 
1984, 1985) make up 21.3% of the total moss flora ( 183 
taxa), a further 38'7, are related to two zones: boreal and 
temperate. Worth mentioning arc subarctic-alpine species 
such as: Kiaeria blrttii. Oncophorus 1rnhlenbergii. Plagio
thecium piliferum and Polytrichastrwn a/pin um. Two north
ern-oceanic species: Amblystegium serpens var. litorale 
and Bnwn salinum quite often occur in halophytic vegeta
tion. The suboceanic Andreaea rothii is endangered in 
Finland (Rassi & Vaisancn 1987). There are 45 taxa of 
liverworts, which makes up 30 % out of the flora ( 147 taxa) 
of the Turku region (Soderstriim 1995 ). Borcal species are 
dominant and prevail in the moss communities on the 
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rocks. The epiphytic species Metzgeriafurcata and Radula 
complanata, mainly belonging to the temperate zone (Duell 
1983 ), occur on Seili in the Alnus forests. Some oceanic 
species: Ca/ypogeia sphagnicola, Nowellia curvifolia and 
the endangered Cepha/ozia /acinulata (Rassi & Vaisanen 
1987) were found on Seili in only one locality. Lophozia 
atlcmtica is a North-suboceanic-alpine element and the 
epilithic Scapania scandica is the only subarctic-montane 
species. 

215 species of fungi, mainly Agaricales and Aphyllo
phorales, were recorded. Almost half of them were found 
in the Lysimachio-Alnetum, since investigations were fo
cused on this habitat. The most interesting are: Tubaria 
confragosa, a northern species; a fairly large group of 
Conocybe species, occurring on fertile soils, rich in nitro
gen (C. dentatomarginata). Relatively rare are saprotrophic 
species growing on wood: Ganoderma lucidum and 
Phellinus /aevigatus. In the ecological group of cpigeic 
species the most important species are the mycorrhiza
forming species, such as Lactarius obscuratus and Naucoria 
scolecina. 

In the group of 625 taxa of vascular plants there are 526 
spontaneously growing and 99 cultivated species. The 
number of archeophytes is high ( 132), whereas established 
(37) and casual ( 14) aliens arc less numerous. The index of 
anthropophytization (ratio of all anthropophyta to the total 
number of spontaneous species multiplied by 100; 
Jackowiak 1990) equals 35, which is a high value for a 
region with apparently low human impact. Comparison of 
the spontaneous flora of the studied area, with the flora of 
the Turku region ( 11 500 km2 - 1215 species; Lahti ct al. 
1988) (Table I) shows, that 43 % of all species found in the 
region occur there. Anthropophyta are present on all is
lands, independent of the existence of permanent settle
ments or land use. In the socio-ecological groups (Table 2) 
the most important are: forest-, littoral-, meadow- and 
xerothermophilous species. The share of forest species 
(especially coniferous forests) and of littoral species is 
proportionally larger in the flora of the smaller islands. 

The vegetation was characterized on different levels of 
organisation - from microphytococnoses (epilithic lichen 
and moss communities) to complexes of plant communities. 

On steep coasts the Umbilicarietum deustae (Hilitzer 
1925) Frey 1933 is found, one of the most important 
cryptogamic communities in the landscape. Epilithic moss 

Table 1. Share of groups (in % ) of different historic-geo
graphical status in the flora. F = Finland, RA = Regio 
Aboensis, S = Seili archipelago. 

F RA s 

Native species* 59 51 65 
Archeophytes 13 16 25 
Established aliens 12 II 7 

Casual aliens 16 22 

*Categories after Hamel Ahti et al. 1986. 

communities of the Andreaeion rupestris Hadac & Klika 
1944 and Rhacomitrion lanuginosi Krusenstjerna 1945 
occur here as well, while on the rocks with salt spray 
communities with Ca/oplaca marina and Verrucaria maura 
are found. Deforested rocks in the interior of the island 
form suitable habitats for the Candelarielletum coralliz.ae 
(Almborn 1955) Masse 1964 and the Parmelietum 
centrifugae Fries 1913 as well as for communities of the 
Hedwigion ciliatae Philippi 1956 and the Ceratodonto
Polytrichetea von Hi.ibschman 1967. On hill tops and in 
pine forest gaps the Cladina rcmgiferina-Cladina mitis 
community occurs. On boulders in open pine forests, patches 
of the Pannelietum omphalodis Du Rietz 1921, Parmelietum 
saxatilis auct. and the Parmelia incurva-Parmelia sorediata 
community are found and on shaded, humid rocks in the 
forests patches of the Cystocoleo-Rhacodietum Schade 
(1924) 1932 and communities of the Grimmion hartmanii 
Philippi 1956. 

The Juncetum gerardii Nordh. 1923 is the most impor
tant type of littoral vegetation. It occurs both on primary 
and on secondary sites, where it is promoted by grazing. 
Since the salinity level is low (6o/,c acc. to Petaja & Juusti 
1979), in sheltered bays vast areas are covered by reeds of 
the Phragmitetum communis (Garns 1927) Schmale 1939 
and, on rocky beaches, by narrow bands of the Phalaridetum 
arundinaceae (Koch 1926) Libbert 1931. 

Natural mesophilous deciduous forests are limited to the 
belts between cultivated land and rock outcrops in the 
southern part of Seili. Habitats of the Ulmo-Tilietum Kielland
Lund in Seibert 1969 are predominant there. Tree stands are 
partially replaced by hazel thickets assigned to the Melico
Coryletum Fremstad 1979. In the sheltered bays there are 
habitats of Lysimachio-Alnetum Kielland-Lund 1971, 

Table 2. Share (in % ) of socio-ecological groups in the flora of investigated islands, ordered according to their decreasing size.Se= 
Seili; Ho= Hogholmen; La= Lammasluoto; Pa= Paivaluoto; Ja = Jaamaluoto; Kn= Kolkan; Kt= Katavaluoto; Sn= Saunasaari; Bj 
= Bjorkholmen; Al= Alderman; Si= Siikakari; Kv = Kalvgrundet; Mt= Matinkari. 

Se Hi:i La Pa Ja Kn Kt Sn Bj Al Si Kv Mt 

Forests 19 33 20 29 23 26 18 28 27 27 18 21 20 

Littoral II 21 14 24 30 28 25 24 45 28 39 35 46 

Meadows and pastures 17 15 22 24 13 21 23 21 14 20 19 17 15 

Xerothermophilous swards and forest edges 12 IO 17 8 14 8 14 II 2 8 13 8 12 

Nitrophilous tall herbs 6 9 8 7 9 IO IO 6 9 IO 4 13 5 

Peats and mires 3 4 4 4 3 2 2 4 0 I 5 3 0 

Crevices I 3 3 3 4 
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which on deeper soil are bordered by juvenile stands of the 
U/1110-Fraxinetum Sjogren 1971. There was only one local
ity where Sphagno squarrosi-Alnetum Lemee 1937 was 
found. 

Coniferous forests dominate on all the islands. Five 
communities of the Dicrano-Pinion Libb. 1933: Cladonio
Pinetum Juraszek 1927, Arctostaphylos-Pinus comm., 
Vaccinio uliginosi-Pinetum Kleist 1929, Vaccinio vitis
idaeae-Pinetum (Cajander 1921) Kielland-Lund 1981, 
Melico-Pinetum Marker 1969) and three communities of 
the Vaccinio-Piceion Br.-Bl. 1939: Sphagno-Piceetum 
Polakowski 1962, linnaeo-Piceetum (Cajander 1921) 
Kielland-Lund 1962 and Melico-Piceetum (Cajander 1921) 
Kielland-Lund 1962 were observed. In the mixed spruce
pine forest linnaeo-Piceetum there is a distinct progres
sion of spruce. The data from Seili were compared to those 
from other parts of Scandinavia (Kielland-Lund 1981; 
DierBen 1996) and NE Poland. The differences between 
the Dicrano-Pinion and Vaccinio-Piceion become obscure 
there, since the number of Dicrano-Pinion species dimin
ishes towards the north and they are not yet replaced by the 
Phyllodoco- Vaccinion species. 

Grassland communities of the Molinio-Arrhenatheretea 
Tx. 1937 em. 1970 class: Lysimachio-Filipenduletum Bal.
Tu!. 1978, Achillea ptarmica-Deschampsia caespitosa 
comm., Alopecurus pratensis comm., Calio veri-Avenu
letum pubescentis Brzeg (ined), which previously were an 
important element of the landscape arc now undergoing 
quick successional transformations as a result of the cessa
tion of cultivation. Contemporary limitation of grazing brings 
about the reduction of the area covered by xerothermo
philous swards: Potentillo argenteae-Viscarietum Balcerk. 
et Brzeg (ined.) and Tr(lolium an•ense-Filago arvensis comm. 
(with the only exception of the Sedum acre-Allium 
sclwenoprasum comm. which is expanding). On the other 
hand it promotes the development of thermophilous forest 
edge communities such as the Trifolio-Agrimonietum Th. 
Muller 1961, Melampyretum pratensis Pass. 1967 and 
Cynancho-Origanetum vulgaris Balcerk. et Brzeg (ined). 
They now seem to reach the optimum of their expansion in 
the deforested areas but in some places they have already 
been replaced with thickets. 

Strictly synanthropic vegetation (Falinski 1969) has also 
diminished in the last three decades. The Veronico-Lamietum 
hybridi Krusem. et Vlieg. 1939 is the only segetal commu
nity. There are cosmopolitan ruderal communities, in par
ticular the Polygono arenastri-Matricarietum discoideae 
(Siss. 1969) Th. Muller in Oberd. 1971 and Sagino 
procumbentis-Bryetum argentei Diem., Siss. et Westh. 1940, 
and the newly described syntaxa: Rumici longifolii
Urticetum dioicae Balcerk. et Brzeg and Cuscuto europeae
Urticetum dioicae Balcerk. et Brzeg. In many places synan
thropic communities are being replaced by semi-natural 
ones. 

Geobotanical landscape studies, based on the sigma
association concept (Tuxen 1973, 1979) rendered 11 types 
of vegetation complexes on Seili. Table 3 provides a survey 
of differentiation of an anthropogenic landscape: Potentillo
Viscarietum/Galio-A1•enuletum complex on inland rock 

outcrops in the neighbourhood of settlements, Carum can1i
Alchemilla gracilis comm.Neronico-Lamietum strictly re
lated to hamlets and Alopecurus comm./Rubetum idaei 
Pfeiff. 1936 em. Oberd. 1973 which forms a regeneration 
complex in the areas where cultivation ceased 30 yr ago. 

The distribution of 55 syntaxa is shown on the map at the 
scale I: 4000 as well as the zonation and sequence of 
vegetation units in the vegetation profiles, which could not 
be included in this paper. 

Conclusions 

I. In the last 20 yr there is a tendency towards a reduction of 
the number of synanthropic species, which is caused by 
changes in land use. 
2. Boreal moss species are a conspicuous element in the 
flora. 
3. Many forest associations on Seili occur at their distribu
tion limit, which is reflected in their impoverished floristic 
composition. 
4. Some communities of the Molinio-Arrhenetheretea Tx. 
1937 em. 1970 were assessed as synanthropic (and not 
semi-natural as they usually are in middle Europe); this is 
related to the fact that many meadow species here are 
archeophytes. 
5. Seven associations were newly described, mainly sward-, 
forest-edge- and synanthropic communities. 
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Table 3. Vegetation complexes in the area of settlements in the Seili Archipelago, SW Finland. 

Succesive nurnhcr 1 2 3 4 s 6 7 8 9 10 11 12 13 1-1 15 16 17 18 19 20 

Traces of human activities 

Traditional red houses +. +. 2a 10 +. IO 20 30 
Wooden houses +O 20 I. IO +O +. 
Brick houses 20 +O 
Ditches 2/ 1/ ]/ 1/ 

Ornamcnlal plants in containers +. I. f. 

Ornamental perennials ]/ +. J/ +/ IO +. +. 
Ornamental shruhs I. +. +. I/ +. +. +. 
Orchards 40 +. 10 40 20* 40 20 30 
Vcgctahles +I +I +0 10 II IO 
Potal<lCs +I JO +O 20/ 20 
Lawns +O 20 40 40 JO IO IO 30 30 JO/ 30 1/ 

Singular trees I. I/ r. J. JO +: +. +. +. I. 
Deciduous trees - plantations 40 40 40 30 
Coniferous trees - plantations J/ 40 50 

Plant communities 

Canon ca1Ti-Alchemilla gracilis comm. +O 20 40 30 JO 30/ IO 30 30 JO/ 30 
Pt,f.,-g,nu,-Matrh·urietum +/ J/ +I: II +I +I +I 
Venmico-Lamietum hybridi 10 +O IO 20/ 10 
Stellarietea fragm. +/ +O 20 r. 
Cu.\cuto-Urticctum IO +. ]/ 
Rumi<'i long{f(,/iae-Urticet11m di,,i(·cu: +. +. 
Sagino-Bryet1m1 fragm. r r/ 
Agropyron repens agg. IO +I J/ 

C/ml,mi,,-Pinetum II. 
Van·ini<, 1·itis-idaeae-Pinetum typh·1m1 2/ IO IO 
Juniperus communis agg. I. I. ]· I. +. 
Pr>tenti!lo-Vi.,·(·arietum +. 20 30 20 +. J. 
Galir>-Avetruletum JO 30 2/ 30 10/ 20 
PlN> irrigawe-Plantagi11£'t11111 I/ 10 I/ +I +I 2/ +: I/ 10/ 
Tr(f(,/io-Agrinumietum J/ I/ 30 +I I/ 10/ +O 20 30 +. I 2/ +0 
Alopecurus pratensis comm. +O +. 40 20 30 30 10 JO 30 30 30 30 20 30 
Rubetllm idaei +. +. 10 · JO +. 20 JO +. +O +. 10' 

Lysimachio-Filipenduletwn 
1 

J : 30 J/ 20/ 20 30 
I 

+: 
Gercmio syh·ath'i-Epilobietum angust(/(1/ii r: cl/_. __ . _JO/_. _ _:+-._J.Q 

Querco-Fagetea fragm. +. +. 10 r. JO* 20 +. r. 
Ah,pecurus-Betula, Pinu\", Pr>Jntl11s 20 40 30 40 30 
Lysimac·hir,-Filipenduletum-Betulti. Pi11us JO/ 20/ 20/ 
Rubetum idaei-Betula. Pinus 20 JO 
Agrostis capilltiris-Betula 20 
Anthri.,cetum sy/n:stris-Pin11s 20 
Equisetum s_,'/1·micwn-P111us 20 
M<>linir>-Arrhenathereteu fragm. 40 30 20 
Al·hillea ptarmico-Des£·lwmpsia c·aespitr>.rn +O. +. 

Lythrum S(l/icario comm. +/ +I 
P,,1e11tilletu111 anseri,we I/ 
Ahie.1· spp. div. - 1111dw11 type 50 

Complex of epilithic lichen comm. 30 2. 30 I. 2a0 +. 10 f. IO 

Epiphylic lichen communitic\ I. I. 2. 2. 0 

Mdico-Pinetwn 1/ 10 
Populus tremula comm. 10 +. 1/0 40 

Ribes-Sorhus comm. 2/ I. I/ I. +. +: +. 1/0 r. +. 

Rosa dumalis-Rosa cae.\ia comm. I. II r. +o 

Clllamagn,sfietum epigei +. 10 +. 10 20 +O 10 
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Abstract. The 1980 eruption of Mount St. Helens provided a 
chance to study species turnover during succession. I used 
permanent plots to monitor species presence in 0.25-m2 

quadrats. Colonization and extinction were estimated for three 
several-year increments in IO habitats starting seven seasons 
after the eruption by two methods. Extinction rates, measured 
by the proportions of initially filled quadrats that lost a spe
cies, varied little across sites. Extinction percentages, the 
proportion of all quadrats losing a species, declined from 
recovered to secondary to primary sites. Extinction percent
ages increased through time on successional sites. Coloniza
tion rates and percentages were similar on all sites. The pro
portion of extinction percentage to colonization percentage 
declined from recovered sites, where these processes were of 
similar magnitude, to primary sites, where the ratio was about 
I to 4. These results suggest that the carousel model is opera
tive even during community assembly. 

Keywords: Carousel model; Local colonization; Local ex
tinction; Primary succession; Secondary succession; Volcano. 

Nomenclature: Hitchcock & Cronquist (1973). 

Introduction 

The lateral eruption of Mount St. Helens on 18 May 1980 
removed the north half of its cone. The blast seared ridges. 
Subsequent pyroclastic flows, pumice deposits and lahars 
created a new landscape. The south slope was impacted by 
tephra. Starting in 1980, I established permanent plots to 
monitor vegetation establishment and recovery. This paper 
describes species turnover (colonization and extinction) in 
permanent quadrats on new surfaces (primary succession), 
intensely impacted sites (secondary succession) and recov
ered sites (tephra). 

Study area 

Mount St. Helens is centered at 46° 20' N, 122° 18' W, 
with an elevation of 2549 m. This study used IO sets of 
permanent plots that represent unique combinations of 
impact intensity. Del Moral & Bliss ( 1993) provided a map 
and detailed descriptions of these sites. 
Recovered sites were impacted by air-fall deposits of coarse 
pumice (tephra) that buried vegetation on the southern 
slopes of the cone up to 20 cm. The coarse texture, shallow 
depth and subsequent erosion permitted significant sur
vival and rapid recovery (de! Moral 1983). 

Secondary succession sites received a variety of impacts. 
Blast A is on the west side of the cone, at the edge of the 
directed blast. The blast killed woody plants, but some 
dormant herbaceous vegetation survived. Rapid snow-melt 
formed lahars (mud-flows) that scoured canyons and ridges 
before forming deposits at lower elevations. Two ridges 
were scoured on the east side of the volcano. Scour A is 
within 100 m of surviving herbaceous vegetation, while 
Scour Bis more isolated. Scour C is on the south side of the 
volcano. 

Three primary succession habitats were sampled. Lahars 
formed on meadows on the south side of the cone (de! 
Moral 1998). Proximity to intact vegetation permitted rapid 
establishment. Blast B, on the northwest cone, was de
stroyed by the lateral blast (de! Moral 1993). The Pumice 
site on the north side was seared by the lateral blast and 
covered by pumice ( de! Moral et al. 1995; de! Moral & 
Wood 1993). 

Methods 

Each plot is permanently marked to permit accurate 
repeated sampling. Species presence and cover were re
corded at 1-m intervals on four radii (n = 24). From 1986 to 
the present, 0.25-m2 quadrats have been used. 
Colonization and extinction were calculated from 0.25-m2 

quadrats during three intervals. In most cases, comparisons 
were from 1986 to 1991, 1989 to 1994 and 1991 to 1997. 
Blast A sites were not sampled from 1988 to 1993, so com
parisons were from 1986 to 1994, 1987 to 1995 and 1994 to 
1997. Pumice sampling started in 1989, so comparisons were 
from 1989to 1992, 1991 to 1995,and 1992to 1997. 

The extinction rate of a species is the fraction of quadrats 
occupied at TO that are empty at T 1• The colonization rate is 
the fraction of initially empty quadrats that are occupied at 
T 1 (Froborg & Eriksson 1997). Empty quadrats usually greatly 
outnumbered filled ones, so the same number of events pro
duces a higher extinction rate than a colonization rate. There
fore, the extinction and colonization rates were also calculated 
as a percentage of the total number of quadrats. 

Trends were summarized in recovered, secondary and 
primary sites. At each site, for each yearly comparison, the 
percent colonization and extinction were compared. If one 
was at least twice the other, it was so scored and the total 
score converted to an index from -1 to +I. For example, 
there are six possible comparisons on recovered sites. If a 
species had predominant extinction on I, no difference on 
2, and predominant colonization on 3 of the comparisons, 
the index would be equal to 3 colonizations less the I 
extinction/6 comparisons, or +0.33. 

Results 

Extinction and colonization rates 
Extinction and colonization rates were calculated for 

species with at least four occurrences (Table I) and the 
means determined for each habitat. Extinction rates during the 
three intervals showed no strong pattern on recovered sites. 
On secondary sites, they increased slightly. On primary 
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sites, they generally increased, as cover developed. These 
values are unstable because several species were infre
quent and short lived (e.g. Epilobium angustifolium, Lupin us 
lepidus and Hypochaeris radicata). 

Colonization rates were usually lower than the compara
ble extinction rates because there were more quadrats to be 
colonized for most species in any year. There were no 
trends on either recovered or secondary sites. On primary 
sites colonization rates may be increasing. 

Extinction and coloni::.ation percentages 
Extinction and colonization rates cannot be compared 

directly among sites or intervals because they are affected 
by sample sizes. Though imperfect, a better view of be
tween- and within-site trends is provided by the percentage 
of all quadrats that changed during an interval (Table 2). 

There were always more colonizations than extinctions 
at successional sites, while no pattern emerged on recov
ered sites. Extinction percentages were high on tephra (4.6 
to 12.3% of total quadrats), moderate on secondary sites 
( 1.2 to 4.9% of quadrats) and low on primary sites (0.6 to 
5.2'7c ). Colonization rates were relatively high in all cases 
and demonstrated no pattern between sites. Tephra sites 
varied from 3.9 to 17.0% of the quadrats, secondary sites 
varied from 5.8 to 15.3% of the quadrats, and primary sites 
varied from 3.9 to 15.9% of the quadrats. The disparity 
between these two processes is reflected by the ratio of 
extinctions to colonizations. These ratios approach 0.9 on 
recovered sites, vary from 0.26 to 0.45 on secondary sites 
and from 0.19 to 0.26 on primary sites. 

Individual species patterns support the statistical sum
maries (Table 3). Species on recovered sites showed low 
index scores, indicating no trend of either colonization or 

extinction. Secondary and primary site scores were all 
positive, some strongly so. Most individual species colo
nized more often than they became locally extinct. 

Discussion 

The concept of local species turnover is embedded in 
recent studies of vegetation dynamics (Hanski 1982; 
Lavorel & Lebreton 1992; Collins et al. 1993; Hoagland 
& Collins 1997). The rate of turnover at small scales in 
stable meadows is high (van der Maarel & Sykes 1993; 
Herben et al. 1997). Froborg & Eriksson ( 1997) showed 
that local colonization and extinction rates in a stable 
forest understory at a scale of I 00 m2 over a 20-yr interval 
were relatively high. Van der Maarel et al. (1995) sug
gested that there was little evidence for niche structure on 
a small scale, indirectly supporting a carousel model. Van 
der Maarel & Sykes (1997) quantified the rate of local 
mobility among species and found it much larger than 
generally recognized. 

The present study shows that species are locally mobile. 
It differs from previous studies of local turnover in that it 
explores an intermediate scale and it investigates the process 
against a successional background. Species present in 1986 
may have survived the 1980 impacts, arrived by long-distance 
dispersal or grown into the quadrat. Once present, a plant may 
be lost by senescence (e.g. Lupinus lepidus, H)pochaeris 
radicata and Hieracium gracile ), grazing ( e.g.Aster ledophyllus 
and Castilleja miniata), die-back (e.g. Penstemon cardwellii 
and Polygonum newberryi), or competitive displacement 
from species such as Agmstis diegoensis. 

Extinction rates in recovered, secondary and primary 
sites were similar and generally high. The highest rates 

Table 1. Mean extinction and colonization rates on Mount St. Helens. The extinction rate is the fraction of quadrats that contained 
the species in the first year but lost that species by the next comparison year. The colonization rate is that fraction of empty quadrats 
in the base year that acquired that species by the next comparison. 

Recovered sites Secondary si tcs Primary sites 

Tephra A Tephra B Tephra C Scour A Blast A Scour B Scour C Lahar Blast B Pumice 

Extinction Rate I .36 .36 .20 .II .24 .26 .24 .32 .03 .44 
Extinction Rate II .52 .34 .25 .16 .30 .26 .18 .08 .30 .35 
Extinction Rate Ill .37 .33 .29 .17 .29 .28 .33 .66 .39 .71 
Colonization Rate I .32 .10 .09 .06 .26 .16 .07 .08 .07 .04 
Colonization Rate II .20 .07 .II .16 .23 .13 .07 .14 .16 .07 
Colonization Rate Ill .14 .12 .15 .09 .17 .14 .12 .II .18 .II 

Table 2. Mean extinction and colonization percentages on Mount St. Helens, calculated as the fraction of the total number of 
quadrats that were affected. The extinction to percent ratio was calculated from the mean rates. 

Recovered sites Secondary sites Primary sites 

Tephra A Tephra B Tephra C Scour A Blast A Scour B Scour C Lahar Blast B Pumice 

Extinction 7c I 5.3 4.7 4.6 2.6 1.8 2.5 2.0 0.9 1.8 0.7 
Extinction & II 12.3 6.3 4.8 2.8 4.9 3.3 1.2 0.9 0.6 1.5 
Extinction '7c Ill 9.1 6.8 6.5 3.7 4.7 4.7 2.5 5.2 4.7 1.8 
Mean Extinction Percent 8.9 5.9 5.3 3.0 3.8 3.5 1.9 2.3 2.3 1.3 

Colonization r;, I 17.0 6.5 6.2 5.8 13.2 12.0 5.8 6.2 13.2 3.9 
Colonization 7c II 6.1 3.9 7.1 7.6 15.3 8.3 6.8 12.4 15.9 6.1 
Colonization '7c Ill 6.2 10.3 9.3 6.8 6.5 8.7 9.5 7.9 6.5 6.7 

Mean Colonization Percent 9.8 6.9 7.5 6.7 11.7 9.7 7.4 8.8 11.9 5.6 
Extinction/Colonization ratio 0.91 0.86 0.71 0.45 0.32 0.36 0.26 0.26 0.19 0.23 
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Table 3. Net extinction and colonization of representative 
species in each successional category. Values range from - 1.0 
to+ 1.0 (see Text). Blanks indicate species absent or rare. 

Species Recovered Secondary Primary 

Abies /asioca17,a 0.33 
Agro.His diegoensis 0.5 0.88 0.67 
Anaplwlis morgaritaceo 0.5 
Aster diegoensi.1· -0.33 0.12 
Carex mertensii 0.38 0.33 
C. rossii 0.16 
Eriogonum pvrolif<1/iwn -0.33 0.75 0.16 
Hiemcium albiflon1111 0.25 0.33 
H. gmcile 0.25 
Hypochaeris radicata 0.67 
Juncus parryi 0.16 0.75 0.33 
Lomatium martindalei 0.0 0.25 0.16 
Luetkea pectinata 0.0 0.5 0.33 
Lupinus /epidus 0.0 0.25 0.67 
Pen.Hemon rnrdwe/lii 0.63 0.83 
Pinus rontorta 0.33 
Polrgonum newben.-i 0.33 0.25 0.16 
Spmguea 11111be/law 0.5 0.33 
Stipa occidentulis 0.63 0.16 

occurred on primary surfaces during the last increment. 
The development of these primary successional sites masks 
these high extinction rates. The extinction percentage de
clined from recovered to primary sites because there were 
far fewer quadrats with species at risk in primary sites than 
in stable ones. However, as successional sites developed, 
the extinction percent increased substantially. 

The colonization rate was high, even on recovered sites. 
Empty plots are colonized at similar rates on all sites, 
provided neighbors are present. Colonization percentages, 
expressed as a percentage of all quadrats, arc similar on all 
surfaces. This implies that population dynamics are similar 
on all sites. The ratio of extinction to colonization percent
ages provides a good basis for comparison. In recovered 
sites, extinction events are nearly as frequent as coloniza
tion events, varying largely with summer moisture condi
tions. In secondary sites, extinction events are one third as 
common as colonization events. On primary sites coloniza
tion events arc more than four times more common than 
extinction events. 

Small-scale extinctions and colonizations are based on 
individual life histories, dispersal ability and proximity to 
seed sources. Some deterministic extinction may have 
occurred in well-vegetated plots, but rates were also high in 
open plots. Colonization rates were no lower in recovered 
sites than the others, suggesting that the presence of moder
ately dense vegetation does not inhibit invasion. Stochastic 
extinction and colonization appear to dominate local popula
tion dynamics of successional sites. While successional status 
affected these rates, each habitat is dynamic. Species appear 
and disappear in ways consistent with the carousel model. The 
species in these habitats do not have narrow, discrete niches. 
Therefore, they may coexist in small samples or they may 
replace one another in a non-deterministic way. 

Acknowledgements. National Science Foundation Grants 
BSR-89-06544 and DEB-94-06987 provided funds for this 
study. I am particularly grateful to Helen de la Hunt, Katrina 
Dlugosh, Roger Fuller, Richard Robham, Jon Titus and David 
Wood, who made significant contributions in the field. The 
manuscript was improved by valuable inputs from Beth 
Brosseau, Roger Fuller, Chad Jones and Dennis Riege. This 
study was stimulated by perceptive papers by Prof. Eddy van 
der Maarel. 

References 

Collins, S.L., Glenn, S.M. & Roberts, D.W. 1993. The 
hierarchical continuum concept. J. Veg. Sci. 4: 149-156. 

de] Moral, R. 1983. Initial recovery of subalpine vegetation on 
Mount St. Helens. Am. Midi. Nat. 109: 72-80. 

de! Moral, R. 1993. Mechanisms of primary succession on 
volcanoes: a view from Mount St. Helens. In: Miles, J.H. 
& Walton, D.H. (eds.) Primary succession on land, pp. 79-
100. Blackwell Scientific Publications, Oxford. 

de] Moral, R. 1998. Early succession on lahars spawned by 
Mount St. Helens. Am. J. Bot. 85: 820-828. 

del Moral, R. & Bliss, L.C. 1993. Mechanisms of primary 
succession: insights resulting from the eruption of Mount 
St. Helens. Adv. Ecol. Res. 24: 1-66. 

del Moral, R. & Wood, D.M. 1993. Early primary succession 
on the volcano Mount St. Helens. J. Veg. Sci. 4: 223-234. 

dcl Moral, R., Titus, J.H. & Cook, A.M. 1995. Early primary 
succession on Mount St. Helens. Washington, USA. J. Veg. 
Sci. 6: 107-120. 

Froborg, H. & Eriksson, 0. 1997. Local colonization and 
extinction of field layer plants in a deciduous forest and 
their dependence upon life history features. J. Veg. Sci. 8: 
395-400. 

Hanski, I. 1982. Dynamics of regional distribution: the core 
and satellite species hypothesis. Oikos 38: 210-221. 

Herben, T., Krahulec, F., Hadincova, V., Pechackova, S. & 
Movarova, M. 1997. Fine-scale spatio-temporal patterns in 
a mountain grassland: do species replace each other in a 
regular fashion? J. Veg. Sci. 8: 217-224. 

Hitchcock, C.L. & Cronquist, A. 1973. Flora of' the Pacific 
Northwest. University of Washington Press, Seattle, WA. 

Hoagland, B.W. & Collins, S.L. 1997. Gradient models, gradi
ent analysis, and hierarchical structure in plant communities. 
Oikos 78: 23-30. 

Lavorel, S. & Lebreton, 1 .D. 1992. Evidence for lottery 
recruitment in Mediterranean old fields. J. Veg. Sci. 3: 91-
100. 

van der Maarel, E. & Sykes, M.T. 1993. Small-scale plant 
species turnover in a limestone grassland: the carousel 
model and some comments on the niche concept. J. Veg. 
Sci. 4: 179-188. 

van der Maarel, E. & Sykes, M.T. 1997. Rates of small-scale 
species mobility in al var limestone grassland. J. Veg. Sci. 8: 
199-208. 

van der Maarel, E., Noest, V. & Palmer. M.W. 1995. Variation 
in species richness on small grassland quadrats: niche 
structure or small-scale plant mobility? J. Veg. Sci. 6: 741-
752. 



Proceedings /AVS Svmposiwn, pp. /99-203, 2000 
ID IAVS; Opulus Press Uppsala. Printed in the UK 

The northern slope of Mount Prado: 
a diversity hot spot within 

northern Apennine summit vegetation 

Ferrari, C.*, Pezzi, G. & Portanova, A. 

University nf Bnlngna, Department of Evolutionary 
Biology, via Irnerio 42, 1-40126 Bologna, Italy; 

*Fax +39051242576; E-mail.ferrari@alma.uniho.it 

Abstract. Mount Prado (2054 m a.s.l.) lies along the main 
ridge of the Northern Apennines at 44° 14' N and I 0°23' E. It is 
one of the highest peaks of this chain. whose areas above the 
timberline can be regarded as an 'archipelago' of alpine is
lands on the boundary between the Central European and 
Mediterranean regions in Italy. Timberline is at ca. 1800 m 
a.s.l. and corresponds to the local altitudinal limit of Fagus 
woods. The lithological substrate is a turbiditic compact sand
stone (Upper Oligocene-Lower Miocene). Its northern slope is 
characterized by one of the widest and most typical Wi.irm 
glacial cirques of the Northern Apennines. Its flora contains 
208 taxa (including mosses and lichens) of the 391 taxa now 
known for the Northern Apennine summit flora. They form 22 
plant communities (i.e. 73% of the plant communities de
scribed for the whole Northern Apennine summit vegetation). 
The vegetation mosaic is dominated by two 11£1cci11ium-com
munities and the remaining communities cover small or very 
small areas. 41 rare taxa occur. Their types of rarity mainly 
relate to peripheral geographic distribution and, to a lesser 
extent, to habitat specificity, narrow geographic range and 
small population size. Plant community spatial data and distri
bution of rare species were compared. The highest frequency 
of rare species is found mainly in species-rich communities 
settled on small areas. at higher altitudes on NW-facing sites. 
These communities are some acidophytic and mesophytic 
grasslands, a snow-bed community (Salicetum herhaceae) 
and the rock-face community Draho ai::,oidis-Primuletum 
apenninae. As a whole, such communities may be considered 
a 'focal point' within the vegetation considered. 

Keywords: Italy; Phytogeography; Plant diversity. 

Nomenclature: Pignatti ( 1982) for vascular plants except for 
the genus Festuca (Foggi & Rossi 1996; Foggi et al. 1999); 
Ellenberg ( 1988) & Grabherr ( 1993) for higher syntaxa; see 
Table I for other syntaxa. 

Introduction 

In the Northern Apennines, whose ridge is to be consid
ered as the boundary between the Central European and 
Mediterranean phytogeographic regions in Italy (Pignatti 
1979). the areas above the timberline are small and scattered. 
The summit flora contains 391 species. Phytogeographic 
analyses (Foggi 1990; Tomaselli & Agostini 1994) showed 
that its taxa are strictly connected with those of the Alps and. 
through these, with the alpine flora of other Central Europe 
mountains. The few endemics are closely related either to 
European orophytes or Alpine taxa. Ecological 'insularity' 
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of the alpine vegetation belt and peripheral occurrence in 
the distribution area of most taxa, make the summit flora of 
these mountains a vulnerable natural wealth. Up to now. 30 
plant communities have been described. Vl1cci11ium-heaths 
are the climatic climax (Pignatti 1994; Ferrari & Piccoli 
1997). Within the alpine islands of the northern Apennines 
the northern slope of Mt. Prado is outstanding for its 
vegetation diversity. It contains 22 plant communities. 
some of them being restricted to this mountain, such as the 
snow-bed associations Salicetum herhaceae and Oligo
tricho-Gnaphalietum supini (Tomaselli 1991 ). All commu
nities have a high degree of naturalness (according to 
Westhoff 1983). Such mountain may be considered a diver
sity 'hot spot' (Wilson 1992) for the alpine vegetation of 
this chain. as well as a reliable study area for investigating 
its vegetation ecology and for monitoring the vegetation 
changes as bioindicators of climatic changes. 

Material and Methods 

Study area 
Mt. Prado, or Prato (2054 m a.s.l.), is located on the main 

ridge of the northern Apennines at 44° 14' N and I 0°23' E. 
Its northern slope is characterized by one of the widest and 
most typical Wi.irm glacial cirques of the northern Apen
nines (Losacco 1982). The timberline occurs at about 1750 
m and the glacial cirque is above the timberline. The cirque 
has steep and rocky walls. with prevailing N and NW 
exposures. Its base is level and crossed by three orders of 
morainal deposits which probably correspond to different 
stages of glacial retreat and which enclose small wet areas. 
Periglacial morphogenesis is still active, mainly in spring 
and autumn, when the soil may be free from snow (Carton 
& Panizza 1988). The lithological substrate is a turbiditic 
compact sandstone (Upper Oligocene-Lower Miocene). 
locally named 'Macigno'. Annual precipitation ranges from 
I 000 to 3500 mm, with an average of 2000 mm (Rossetti 
1988). From November to April, precipitation mostly oc
curs as snow and snow melts from May to the beginning of 
July, according to differences in topography and exposure. 

Data handling 
Species sampling was carried out from 1992 to 1994. For 

each taxon its local rarity was evaluated by calculating its 
Rarity Index (Gehu & Gehu 1980), as follows: 

RI= I - (11/N) (I) 

where N is the number of quadrants of the grid of the Atlas 
of the Central European Flora (Ehrendorfer & Hamann 
1965; Ferrari et al. 1993) which include the northern 
Apennine areas above the timberline (N=28), and n is the 
number of quadrants where the taxon is found. Only the 
taxa with RI> 0.20 were considered as rare taxa. 

Data on vegetation pattern are reported from Ferrari & 
Pezzi ( 1999). Their computerised vegetation map was used 
for describing the spatial distribution of the communities 
with the highest frequencies of rare species. 
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Table 1. List of plant communities. 

Plant community 

Vaccinium - heaths (Rhododendro-Vaccinietalia Br.-BI. in Br.-BI. et Jenny 1926) 
Ve Empetro-Vacciniet!lm gallltherioidis Br.-Bl.in Br.-Bl. et Jenny 1926 corr. Grahherr 1993 

juncetosum tr(fidi Ferrari et Piccoli 1997. 
Vh Hyperico richeri-Vaccinietum gaultherioidis Pirola et Corbetta 1971 nom. inv. 
Vb Vaccinium myrtillu~ - Brachypodiwn genuense community 

Nardus - grasslands (Nardetalia Oberd. 1949 em. Prsg 1949) 
Gn Geo montani-Nardetum Li.idi 1948 
Vn v;ofo cal'illieri - Nardetum Credaro et Pirola 197.5 corr. Tomaselli 1994 
Ln Lu:::ula alpino-pilo.rn - Nardus stricta community 

Acidophytic grasslands (Caricetalia curvulae Br.Bl. in Br.-BI. et Jenny 1926) 
St Sileno exscapae - Trffolietum alpini Tomaselli et Rossi 1994 
Ci Sileno exscapae - Tr~folietum alpini, Cetraria islandica variant Tomaselli et Rossi 1994 
Ls Sileno exscapae - Tr~lolietum alpini lu:uletosum spicotae Tomaselli ct Rossi 1994 
Gs Sileno exscapae - 7'r~{olietum alpini lu;uletosum spicatne. Gnaphnlium supinum variant Tomaselli et Rossi 1994 

Mesophytic grasslands iSyntaxonomy not yet defined) 
Fe Festuca spec. community 
Tf Tqfolio- Festucetum puccinellii ass. nova prov. Rossi 1994 
De Desclwmpsia cae.\pitosa communily 
Aa Aquilegio -Anemone tum narcissfflorae Tomaselli 1994 
Bg Brachypodium genuense community 
La Tr{f'olio- Festucetumpuccinellii ass. nova prov, Lu:ula alpino-pilosa variant Rossi 1994 

Snow - beds (Salicetalia herbaceae Br.Bl. in Br.-BI. et Jenny 1926) 
Sh Salicetwn herbaceae RUbcl 1912 
Og 0/igotricho - Gnaplwlietwn sup;,,; Tomaselli 1991 

Large-stoned scree vegetation (Androsacetalia alpinae Br.Bl. in Br.-BI. et Jenny 1926) 
Cd Cryptogrammo - Dryopteridetum oreadis Rivas - Martinel in Rivas - Martine, et Costa 1970 

Rock face vegetation (Androsacetalia vandellii Br.-BI in Meier er Br.Bl. 1934) 
Dp Draho ai::oidis - Primuletum apenninae Tomaselli 1994 

Acid fen vegetation ( Caricetalia nigrae (W. Koch 1926) Nordh. 1936) 
Cn Caricetum nigrae Br.-Bl. 1915. Sphaf?nwn suhsecundum variant 

Brooklet vegetation (Montio-Cardaminetalia Br. - Bl. et Tx. ex Klika et Hadac 1944) 
Cc Chaerophy/lo - Cardwninetum asar(foliae Gerdol ct Tomaselli 1988 
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Results Table 3. Data on vegetation pattern and rare species distribu-

The 22 plant communities which are established on the 
northern slope of Mt. Prado are listed in Table I. The whole 
local flora includes 208 taxa (species and subspecies; a 
checklist is available from the authors upon request). 

Table 2 shows the 41 taxa with a rarity index (Rf)> 0.20 
and their occurrence in the plant communities. The degree 
of rarity varies from very high values (R/ = 0.97) to 
medium-low values (RI= 0.23). The types of rarity mainly 
relate to peripheral geographic distribution and, to a lesser 
extent, to the other types of rarity (habitat specificity, 
narrow geographic range and small population size). How
ever, high RI-values are prevailing: 20 species have RI 3 
0.80. These species rarities are mostly due to peripheral 
distributions, seldom coupled with small population sizes 
and habitat specificity. One species (Primula apennina) is 
endemic and one (Senecio incanus) is a subendemic. 19 
rare species are found in just one community. 

Table 3 shows that communities with the highest fre
quency of rare species (R/N) are species-rich communities 
which cover small or very small areas, mainly with high 
patchiness. They are the acidophytic grasslands St, La. Ls, 
Gs, some mesophytic grasslands (Fe, Tf), the rock face 
community Dp and the snowbed community Sh. 

The spatial distribution of the communities with the 
highest frequency of rare species is shown by Fig. I. 

tion. The vegetation map is shown in Fig. I. N = number of 
species; R = number of rare species; RI: rarity index. For 
abbreviations of plant community names, see Table I. 

Plant community Area(m') Patches N R RIN 

Ve 176469 32 58 8 0.13 
Vh 96722 15 60 II 0.19 
Vh 21747 7 48 4 0.08 
St 19819 8 53 17 0.32 
Ci 447 I 37 3 0.08 
Ls 15197 14 61 16 0.26 
Gs 14666 14 45 10 0.22 
Sh 6601 5 47 12 0.26 
Og 4226 10 44 5 0.11 
Cd 15774 23 31 3 0.09 
La 3695 7 49 15 0.31 
Tf 6406 -! 23 6 0.26 
Bg 251 2 26 3 0.12 
Gn 8018 2 29 4 0.14 
Vn 12892 8 28 5 0.18 
Ln 10340 20 20 4 0.20 
Dp 6059 18 22 6 0.26 
Cn 5408 3 24 4 0.17 
Fe 2832 3 22 6 0.27 
De 160 I 9 I 0.11 
Aa 30 5 0.17 
Cc 22 I 0.05 
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Table 2. Rare species and their distribution in Mt. Prado plant communities. Chorotypes and types of rarity are indicated. 
Chorotypes: AA= arctic-alpine; CS= cosmopolitan: EN =endemic; EU= Eurasian; OR= orophyte: SC= subcosmopolitan; SN= 
subendemic. Abbreviations of rarity types are: Gr =narrow geographic range; Hs = habitat specificity; Pd= Peripheral distribution; 
Sp= small population size. Other explanations in the text. For abbreviations of plant community names, see Table 1. 

RI Taxon Plant communities Chorotype Type of rarit) 

0.97 Hienu'ium glandu/(t'erum St OR Pd/Sp 
0.97 Leu(·a11them<>psis ltlpina St. Ls. Sh. Fe OR Pd 
0.97 Pedicularis rostra[(>spicata Ls OR Pd/Sp 
0.97 Salix hreriserrata Ve AA Pd/Sp 

0.97 Sahr herbacea St. Sh. La AA Pd/Hs/Sp 
0.97 Senecio inccmus St. Ls. Gs. Sh. La SN Pd 
0.97 Soldanella pusilla Og OR Pd/Hs 

0.90 Carexfoetida Ln OR Hs/Sp 

0.90 Gnaplwlium supinum St. Ls. Gs. Sh. Og. La,Vn. Ln AA Pd 

0.90 Lu:.ula lute(I Ve OR Pd 

0.90 Lychnis alpi11a Gs. Sh. La AA Pd/Sp 

0.87 Lu;ula alpino~pilo.w St. Ls. Gs. Sh. Og. Cd. La. Gn. Vn. Aa AA Pd 

0.87 Polygonum \'i\'iparum n AA Hs/Sp 

0.83 Caro; ornitlwpoda Tf.Aa EU Pd 

0.83 Gentiana ni1·alis Ls AA Pd/Sp 

0.83 Soldanella ulpina Vh. Ve. La OR Sp 

0.83 Violci palustris Cn CB Hs/Sp 

0.80 Carex (·anes(·ens Cn cs Hs 

0.80 Primula apem1i1w Dp EN Gr 

0.80 Silene acaulis ssp. bryofrles St. Ls. Gs. Sh. La. Dp AA Pd 

0.77 Rlwdt)(/endnm ferrugineum Vn OR Pd/Sp 

0.73 Erigenm w1~florus Ls AA Pd/Sp 

0.73 Euphrasia alpina St. Ci. Ls. Gs. Sh. Og. TL Gn. Vn OR Pd 
0.73 Euphrasia minima Vh. Ve. Vh. SL. Ci. Ls, Gs. Sh. Og. La. Gn. Vn. Ln. Fe OR Pd 

0.70 Lyo>/H,dium wuu,rinum Vh.Vh CB Pd/Sp 

0.63 Armeria 11u11gi11atu La SN Gr 

0.60 Sax~fraga lathw Dp EN Gr/Sp 

0.57 Huper:it1 selag<, Vh. Ve. Vh. La SC Sp 

0.57 Sempen·i\·um nwntanum Vh. Ve, Ls, Dp OR Pd 

0.50 Gentiana purpurea Ve. Gs. La. Fe OR Pd 
0.43 Leuch1,n·his albida Gn AA Sp 

0.43 Pinguicula vulgaris Cn. Cc EU Hs/Pd 

0.40 Botrychium lunaria Ls. Gn SC Sp 
0.40 Festuca \'iolacea ssp. puccine/lii Cd. Tf. Dp. Cn. De EN Pd 
0.40 Sempen·h·um arlll'luu,ideum St OR Sp 
0.40 Viola calcarata ssp. ca1·illierii Vh. Ve. St, Ls. Gs. Sh. La. Bg EN Gr 
0.37 Sax~froga nu,schata Dp OR Sp 
0.27 Aster be//;diastrwn Ve. St. Ci, Gs. Cd. La. Tf. Dp. Fe. Aa OR Sp 
0.27 Astruntia minor Vh. Ve. St, La. Fe. Aa 
0.27 Festuca riccerii St 
0.23 Aster alpinus SL. Ls 

Discussion 
The northern slope of Mt. Prado is characterised by a rich 

natural vegetation mosaic dominated by Vaccinium 
gaultherioides and Vaccinium myrtillus heaths. There are 
many plant communities with high patchiness. Their patches 
mostly cover small or very small areas as spatial patterns are 
strongly affected by the glacial cirque landforrn discontinuities 
which cause steep ecological gradients. All the communities 
contain species that are rare for the northern Apennines, even 
if their type and degree of rarity are different. The very rare 
species are prevailing. Rarity is mainly due to geographic 
peripheral distribution, but small population size, habitat 
specificity and narrow geographic range are (in descending 
frequency) the other types of rarity. 

The highest numbers of rare species can be found in 
some species-rich communities which cover small areas, 
i.e. in communities with the highest species density. Such 
communities are the Sileno exscapae-Tr({olietum alpini 
(Ls, St), the Trifolio-F estucetum puccinellii, Lu::.ula alpino
pilosa variant (La). the snowbed communities. Salicetum 

OR Pd 
EN Gr 
CB Sp 

herbaceae (Sh). They are linked to sites with a long dura
tion of snow cover (Ferrari & Rossi 1995). As far as we 
know their northern Apennine distribution is restricted to 
Mt. Prado. To these communities we have to add the 
mesophytic F estuca-grassland and Trifc,lio-F estucetum 
puccinellii, as well as the rock-face association Drabo 
ai::.oidis-Primuletum apenninae, which have a high fre
quency of rare species. 

All communities are situated mostly in the highest part 
of the glacial cirque. on sites with mainly NW exposures 
(Ferrari & Pezzi 1999). The highest parts of the Mt. Prado 
glacial cirque show an unusual concentration of environ
mental resources for both the rare communities and species 
within the alpine vegetation of the northern Apennines. 
According to Walker ( 1995 ), the summit sites of Mt. Prado 
- altogether - may be considered a 'focal point' within a 
diversity hot spot! The Mt. Prado glacial cirque contains a 
natural wealth due to its unique high plant diversity within 
the northern Apennines. 
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Fig. I. Vegetation map of the Mt. Prado glacial cirque. Plant communities are listed in Table I. Two communities (Aa and Cc) are not 
shown due to scale of the map. Grey patches: communities with the highest frequency of rare species. 
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Abstract. Vegetation succession in the Hawaiian Islands is 
predictable in its montane rain forest biome up to an early 
stage of soil development. In lowland and seasonal environ
ments, and in more advanced stages of soil development, the 
influx of alien species often produces changing patterns and 
processes. An example is the explosive spread of the intro
duced Mvricafaya I native to Macaronesia) into a geologically 
young montane seasonal zone, originally dominated by the 
native Metrosideros polymorpha tree. In more advanced stages 
of soil weathering, the dieback dynamics of M. polymorpha 
provides entry of new alien dominants. A significant process 
of change is 'species packing' rather than 'species extinction', 
although the latter is certainly true for some of the rare species. 
In the early stages of succession, vegetation zonation is prima
rily vertical, following the outline of lava flows. As the rock 
surfaces weather into soils, zonation becomes horizontal, 
thereby offering an enriched spectrum of habitats for species 
diversification. In spite of this habitat richness, the Hawaiian 
flora did evolve only into ca. 1000 vascular plant species. This 
is the principal reason for the vulnerability of Hawai'i's native 
ecosystems to alien species invasion. 

Keywords: Alien species; Dry forest; Ecological release; 
Forest dicback; Invasion; Primary succession; Species pack
ing; Stability; Tropical rain forest; Vegetation dynamics. 

Introduction 

When bringing succession and zonation together under 
one topic, it is important to remember that succession is a 
time concept and zonation a spatial concept. Succession, 
however, is a long-term process, and our human life-span 
allows only the study of 'glimpses' of successional change. 
This dilemma has led to the practice of deriving successional 
information through the study of side-by-side vegetation 
patterns which originated after major disturbances at differ
ent times. This is known as the space-for-time concept in 
vegetation ecology. Results remain hypothetical. 

However, if the disturbances have been similar and their 
dates are known , and if the habitats are closely compara
ble, such space-for-time studies may yield useful predic
tions. Volcanic areas with known substrate origins, as 
found in the Hawaiian Islands, are particularly suitable for 
studying chronosequences of vegetation and soil develop
ment. These studies began on the lava flows of the Big 
Island (Hawai'i) and were continued along the island-age 
sequence (Fig. I). I will summarize the topic in four sec
tions: primary succession, zonation shift, effects of key 
invaders, and conclusions on ecosystem stability. 

Primary succession in the Hawaiian rain forest 

In the windward rain forest environment, new lava flows 
are invaded by cryptogams and higher plants as soon as the 
rock surfaces cool. Bluegreen algae and mosses appear 
immediately but do not become dominant. Instead a lichen, 
Stereocaulon vulcani, often forms a dominant cover on the 
lava-rock surfaces within five years in the humid lowlands 
and more slowly in the uplands. Simultaneously some of 
the cracks among the rock surfaces become invaded by 
ferns and seed plants. Most abundant among these are 
individuals of the sword fern Nephrolepis multiflora and 
the endemic tree, Metrosideros polymorpha (Myrtaceae). 

The lichen dominates the scene until the seedlings of M. 
polymorpha reach the young adult stage. This may take 
from 50 - I 00 yr. During that time, several pioneer shrub 
and forb populations enter the lava fields, some only tem
porarily. Among the temporary shrubs is Dubautia scabra 
(Asteraceae), an endemic mat-forming short-lived peren
nial. A few individuals of this shrub may enter a new 
volcanic substrate in one or several localities, then expand 
rapidly into small cohort populations. After developing a 
population peak in a few years, most individuals become 
senescent and begin to die. A subpopulation or next genera
tion may then appear in a neighboring location on the new 
surface and repeat the growth cycle there. Its dying mats 
often become favorable places for early successional plants. 
A similar ephemeral behavior is shown by the endemic 
shrub Rumex giganteus (Polygonaceae). Other pioneer 
shrubs, such as the endemic Vaccinium reticulatum, are 
longer-lived perennials. They also may swarm over only 
parts of the new surface. Their dispersal depends mostly on 
berry-feeding birds. A tall fern, an 'almost-tree-fern', 
Sadleria cyatheoides, colonizes by an abundance of wind
driven spores, but establishes only as widely scattered 
individuals or in small groups. Much depends on the dis
persal mechanism and favorable microhabitats. In all cases, 
woody and herbaceous plant growth develops into only a 
sparse vegetation cover. That is why the lichen stage can 
persist for so many years. 

A next major change occurs when the indigenous mat
forming fern Dicranopteris linearis is spreading itself by 
fast-growing stolons among the still open-grown and juve
nile Metrosideros forest. This fern causes the local extinc
tion of the Stereocaulon lichen cover. It also prevents 
further establishment of Metrosideros seedlings. Although 
this fern soon dominates the undergrowth, a few other 
plants usually are associated with it. They include the tall 
sedge Machaerina angustifolia and the clubmoss 
Lycopodium cernuum. Among shrubs, Vaccinium calycinum 
may be added or replace Vaccinium reticulatum. Another 
heath shrub Styphelia tameiameiae as well as the tall 
Sadleria fern may persist. 

When the Metrosideros forest develops a closer canopy, 
tree ferns of Cibotium spp. begin to penetrate through the 
weakening Dicranopteris mat. The expanding fronds of 
the tree ferns then aid in the decline of the light-demanding 
Dicranopteris. At that time also, several arborescent shrubs 
and small trees appear among the tree ferns. They include 
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members of the Rubiaceae, Gesneraceae, Rutaceae, 
Araliaceae, Myrsinaceae, Aquifoliaceae and Lobeliaceae, 
but no saplings of Metrosideros polymorpha. Rarely does 
any member of the associated woody plant families join the 
Metrosideros canopy. The mature Hawaiian rain forest thus 
develops a monodominant canopy in primary succession 
together with an almost monodominant tree fern subcanopy. 

If a stand-destroying volcanic eruption does not recur, a 
fifth stage may be added. This is the canopy dieback stage. 
Eventually, the mature Metrosideros forest will reach a 
point in time when its canopy trees begin to senesce. If in 
this stage, the forest is subjected to growth-impeding cli
matic perturbations, its canopy can collapse 'domino-style' 
over the entire volcanic substrate that gave rise to the forest 
(Akashi & Mueller-Dombois 1995). 

Zonation shift from vertical to horizontal 

An important peculiarity of the Hawaiian vegetation is 
the wide altitudinal range of a number of native forest 
dominants. This wide altitudinal distribution of native key 
species creates a vertically oriented zonation pattern. which 
is related to two factors, 'ecological release', and 'edaphic 
zonation'. Ecological release is the outcome of successful 
establishment when the early island plant communities 
offered little or no competition to the advance of aggres
sive, indigenous invaders. These species therefore spread 
over a wide altitudinal range from near sea level inward of 
the strand zone to the high altitude environment at about 
2500 m. The shrubs Styphelia and Vaccinium climbed even 
much higher, where they form major components of the 
alpine heath-scrub below and above 3000 m elevation. 

On Mauna Loa, zonation is typically vertical or azonal, 
following the course of lava flows. The stages in rain forest 
succession, as indicated by lichen, fern, and seed plant 
species are essentially similar from sea level to the inver
sion zone near 2000 m elevation. The only significant 
differentiation is the rate of primary succession, which is 
much faster at low elevation than near the inversion zone. 

~ 

Following primary succession, when lava rocks weather 
into soils, vegetation zonation becomes more strongly con
trolled by climate and geomorphological development. 
The result is a shift to horizontal zonation as evidenced by 
an altitudinal stratification of vegetation patterns. The topo
graphic vegetation profile (Fig. 2) on the 410 000-yr old 
windward slope of Haleakala Mountain on East Maui 
demonstrates the zonation shift from vertical to horizontal 
as follows: The leading canopy species, M. polymorpha, is 
distributed from the lowland to the treeline at 2 200 m. 
There are two overlapping varieties, the pubescent leafed 
var. inccma and the glabrous leafed var. glaherrima. These 
varieties have been recognized as having a successional 
relationship, the pubescent being more prevalent in the early 
pioneer stages, the glabrous becoming more prevalent on 
older, more developed soil substrates (Mueller-Dombois 
l 983a,b; Stemmermann 1983; Kitayama et al. 1995, 1997). 
In terms of water relations, the pubescent form can withstand 
soil drying to a greater degree than the glabrous varieties. 
Thus. the altitudinally wide-ranging Metrosideros canopy 
tree dominates over a broad vertical (altitudinal) zone. 

Horizontal stratification is beginning to show (on Fig. 2) 
by a decreasing size and canopy structure downslope and 
by differentiating species in the undergrowth. The lowest 
unit (Al) has gone through a forest die back on volcanic shield 
remnants. These shield remnants are frequently flooded and 
are slowly cut by streams into smaller topographic segments. 
On the Haleakala east slope, this is a zone of habitat diversifi
cation, which continues upslope to about 1800 m elevation. 
where the frequently flooded positions are more patchy. Above 
1200 m, the shield is still very much intact. There the 
Metrosideros trees are taller and the substrate is more perme
able and thus better drained. This improved soil drainage 
pattern occurs within the cloud-frequented zone up to the 
inversion zone near 2000 m. Above the inversion layer, the 
climate becomes abruptly seasonal (with summer-drought). 
Here, Sophora chrrsophylla. together with other shrubs, 
form a subalpine scrub in which Metrosideros occurs only as 
scattered remnant trees left over from a former pioneer stage. 
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Fig. 2 Topographic vegetation profile of wet slope on Haleakala Mt., Island of Maui (after Kitayama & Mueller-Dombois 1994, 
slightly modified). The profile demonstrates the shift from vertical zonation, as indicated by the two altitudinally wide-ranging 
dominant Metrosideros varieties, to horizontal zonation as indicated by the differentiating species in the undergrowth. 

It still forms the treeline at 2200 m. 
Thus, the altitudinal zones on the tradewind side of 

Haleakala arc controlled largely by two factors, the 
geomorphological aging process and the changing climate 
upslope. These factors produce a horizontal zonation which 
is reflected in the undergrowth vegetation by a number of 
differentiating species, many of which are ferns. A native 
vine, Frn'Cinetia arborea (Pandanaceae), can be used as a 
key indicator species, separating lowland from montane 
rain forest at I 000 m. 

Succession and zonation with key alien invaders 

The majority of differentiating species, which character
ize the forest die back zone floristically (zone Al on Fig. 2), 
are introduced or alien species. Only two of the differenti
ating species are indigenous. The indigenous fern Odonto
soria chinensis is strictly a heliophyte that became estab
lished in response to the loss of Metrosideros canopy. The 
other is the native sedge, Machaerina mariscoides, which is 
an indicator of both wet soil and canopy openness. In this 
case, the six alien species strengthen the floristic differentia
tion of this lowland vegetation zone. The paperbark tree, 
Melaleuca quinquenervia (Myrtaceae), native in New Cal
edonia and North Queensland, is now rapidly spreading 
through the diehack zone, overlapping with the scrubby 
recovered growth of Metrosideros. M. quinquenervia seed
lings were planted in parts of the die back zone in the 1930s 
to replace the forest cover that had deteriorated through the 
dieback of the native Metrosideros forest. 

The best studied example of an alien species causing 
changes in succession is Myrica faya (Myricaceae) 
(Vitousek et al. 1987; Walker & Vitousek 1991; Tunison 
1998). The species was introduced around the turn of the 
century from the Macaronesian Islands to the island of 
Hawai'i and others. One tree was noted in Hawai 'i Volca
noes National Park in the early 1960s. By the late 1960s, 
the species began to spread explosively throughout the 
geologically young, open submontane seasonal environ
ment of the Park. This is one of six vegetation zones in this 
geologically young territory. The spread of M. ftzya was 
facilitated by two factors, alien birds, particularly the Japa
nese white eye (Zosterops japonicus ), and the presence of 
Metrosideros trees. The Japanese white eye feeds on the 
fruits of M. faya and is also attracted by the nectar in the 
Metrosideros flowers. It uses the Metrosideros trees as 
perch trees and Myrica often became established near the 
bases of the Metrosideros trees. A third factor favoring 
Myrica, is its ability to fix nitrogen with an actinorrhizal 
symbiont (Frankia) in root nodules. Myrica trees grow 
many times faster than Metrosideros. In a decade, numer
ous Myrica trees were able to join the Metrosideros canopy. 

The aggressive behavior of alien invaders, such as M. 
faya, gave the impression that their distributional advances 
surpass that of the successful indigenous invaders. We 
tested this popular notion on the wet slope of Haleakala 
mountain by asking the question, "do alien plant species 
have wider ecological ranges than native species?" 
(Kitayama & Mueller-Dombois 1995). The answer turned 
out to be negative. 
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Although successional alien invaders may have an ad
vantage by being a new ecological species not yet available 
among the natives, their release in the new island environ
ment is usually limited by their past adaptation to the 
climatic and edaphic vegetation zones in their home envi
ronment. For M. faya, this means the species will not 
spread from the submontane seasonal environment into the 
warm-tropical lowlands on either the seasonally dry leeward 
or the year-round moist windward sides. It will also not 
spread into the subalpine environment. All of these contain 
Metrosideros polymo17J/w in geologically young areas. 

Conclusions regarding ecosystem stability 

The Hawaiian Islands represent a large, isolated archi
pelago. Thus, their species richness, before human contact, 
was low, allowing for ecological release of indigenous 
invaders and considerable secondary enrichment through 
speciation. The number of indigenous colonizers of flower
ing plants are estimated as 272 species. Less than half of 
these gave rise to 850 endemic species, resulting in a 
current estimate of ca. IOOO native Hawaiian species. The 
total adventive flora is estimated as ca. 4000 species. Of 
these, 860 species have become naturalized with another 
1017,- of them having assumed distributional dominance 
that has affected changes in succession and zonation. 

Compared to the species richness of similarly sized 
tropical land areas, Hawaii's inventory of I 000 native 
species is far below its natural stocking capacity. Although 
the threat of extinction of rare endemics is real and of great 
concern, what we witness far more than species extinction 
is the opposite, namely species packing. 

The primary succession from barren lava flow to mature 
Metrosideros-Cibotium rain forest is still functioning well 
in the volcanically active areas on Mauna Loa and Kilauea 
without much species packing. On older substrates, the 
perpetuation ofMetrosideros as the dominant canopy species 
through auto-succession in form of chronological 
monocultures. is declining. An example is the influx of 
Melaleuca after landscape-level dieback of the native for
est on the lower wet slope of Haleakala. Here, the die back 
was a natural process. but the invasion of Melaleuca was 
facilitated by human agency. Similarly in the montane 
seasonal environment of Hawai'i Volcanoes National Park, 
the presence of M. .fc1ya is human induced, but its explosive 
expansion is due to a combination of ecological factors and 
mechanisms that together amount to a new natural dynamics. 

In terms of the MacArthur-Wilson theory ( 1967), the 
distant Hawaiian archipelago has become a near-source 
archipelago. Its original assemblage of species. in spite of 
almost 90<7,- secondary enrichment through endemism, prob
ably never attained its native species potential under isola
tion. The assemblage of I 000 species, although distributed 
over the available habitat spectrum, did not accomplish a 
full use of available resources. Human-induced distur
bances, such as caused by feral goats and pigs. opened up a 
spectrum of newly available niches. The anthropogenic 
disturbances are added to the natural disturbances, such as 

those associated with volcanism, geomorphological devel
opment, and climatic perturbations. Moreover, once in a 
while a new plant species invades that brings its own set of 
resources. This applies to M . .fc1ya with its symbiotic N
fixing availability. However. it would not have invaded this 
habitat, were it not for Myrirn 's seed dispersal by introduced 
birds. They in turn were attracted by the nectar in the flowers 
of the habitats' native key species, MetrosiderospolymorphCI. 

Now this new alien, MyricC1fC1ya, fulfills a successional role. 
It may even exclude the native Metrosideros from parts of its 
habitat spectrum. But Myrica will not displace Metrosideros 

completely as long as a wide dynamic habitat spectrum 
remains available. This includes the formation of new lava 
flows. which may act as refugia for the low-N tolerant 
Metrosideros tree in the future. 
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Abstract. The present work is a quantitative description of 
woody species composition and the vegetation status of sec
ondary mixed-oak (Quercus spp.) forest in the Sierra de 
Manantlan, Mexico in Tropical America. The analysis in
volved 60 circular permanent plots of 500 m1 each (0.05 ha) 
and 40 temporary plots. The inventory recorded adult trees, 
saplings, and seedlings as well as site conditions (altitude, 
aspect, slope, litter, humus depth, and physiography) and 
stand conditions (canopy openness, herbaceous and shrub 
cover). Structural characteristics and some site conditions 
were remeasured over a four-year period. Based on the results 
of a classification method (TWINS PAN) we have identified at 
least seven vegetation types, each dominated by one or two 
oak species. Canonical Correspondence Analysis (CCA) or
dered the plots mainly by differences in altitude and physiog
raphy. Stands dominated by Quercus castanea are found at the 
lowest altitudes, while stands dominated by Q. crassipes, are 
found at the highest altitudes. Based on these site conditions 
and vegetation composition, the study area can be divided in 
two different management zones. Q. crassipes stands can be 
managed under even-aged methods as shelterwood cuttings 
and the rest of the stands under uneven-aged methods as 
selective cuttings. 

Keywords: Canopy openness; Classification; Community; 
Ordination; Physiography: Quercus; Selective cutting; 
Shcltcrwood cutting. 

Introduction 

In tropical ecosystems tree species tend to be intermin
gled, but generally they form particular associations. Some
times these are easily recognizable in the field, yet often the 
associations are complicated, and are difficult to discern by 
simple field checking. The Cerro Grande plateau, located 
in the southeastern portion of the Sierra de Manantlan, 
shows a particular physiography with a large topographic 
and geo-morphological variation. It is apparently an iso
lated island with no clear connection with the surrounding 
landscape, not even with the nearby area of Cerro de 
Enmedio. Although, Quercus is clearly the most conspicu
ous genus on the plateau, Quercus species rarely form pure 
monospecific stands, particularly in wet environments. In 
the wet habitats the genus, represented by Quercus 
candicans. Q. rugosa and Q. laurina, shares its niche with 

other broad-leaved trees in a wide spectrum of physical and 
biological conditions, while in the driest habitats Quercus 
species tend to form monospecific associations (Figueroa
Rangel 1995). 

The present study used both ordination and classification 
techniques to identify groups based on species composi
tion and stand structure and to identify which site condi
tions promote differences in species composition among 
the groups. The aim was to determine the best management 
option for mixed-oak forests in Cerro Grande. 

Material and Methods 

Study area 
The study was undertaken in Cerro Grande in the Sierra 

de Manantlan, along the border of the states of Jalisco and 
Colima in Mexico ( 19°24'32" - 19°31 '02" N; 104°01 '09" -
I 03°57'44" W). Cerro Grande is a calcareous plateau of 
450 km2 with a complex and highly variable relief that 
generally faces West (Lazcano 1988). Soils are classified 
as Andosols and a minor part as Cambisols and Luvisols 
(Anon. 1976). Slopes range from I 0- 60% and the largest 
part of the forested land stretches between altitudes of 2000 
and 2360 m. According to Garcfa ( 1987), the climate of the 
region belongs to a temperate-subhumid type classified as 
Ca (w2) (w)(e) g. 

Field data 
60 circular permanent plots and 40 temporary plots of 

500 m2 were established selectively over several topographic 
conditions and oak-forest associations. Within each stand, 
all trees :2: 5 cm DBH (diameter at breast height) were 
numbered and tagged to record species, DBH, and social 
status (dominant, codominant, intermediate and sup
pressed). The number of saplings per species (individuals 
< 5 cm DBH and> 1.30 m tall) were also registered. Site 
variables were considered according to Olvera et al. ( 1996): 
slope (% ), altitude (m), aspect, litter depth (cm), thick
ness of the humus layer (cm), canopy openness(%), of 
herb and shrub cover(%), physiographical units, erosion, 
and grazing pressure. 

Data analysis 
TWINSPAN (Hill 1979) was used to group the plots into 

classes based on their floristic composition, considering 
presence/absence data. Canonical Correspondence Analy
sis (CCA) was performed on floristic composition of veg
etation and site condition data (ter Braak 1990). Two CCA 
analyses were performed; one using density (number of 
individuals/ha) of each plot, and another using basal area 
(m1) per ha per plot. 

Results and Discussion 

Classification of vegetation 
The 60 plots were divided in seven community types at 

the 3rd level of division according to TWINSPAN. 
I. Que re us laurina community ( 14 plots) 

In this community, Quercus laurina dominated the canopy 
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together with some individuals of Q. candicans and 
Oreopanax xalapensis. Codominant elements were Abies 
re/igiosa var. emarginata, Clethra spp. and Symplocos citrea. 
Temstroemia lineata was the most abundant and frequent 
species in the middle-stratum generally associated with 
Camus excelsa, flex brandegeana, Styrax argenteus and 
Garrya laurifolia. Saplings of Temstroemia lineata, G. 
laurifolia and S. argenteus were found as well. 

2. Quercus rugosa community (17 plots) 
In this community, Quercus rugosa was the most abun

dant species dominating the canopy. As in community 1, 
Ternstroemia lineata was the most abundant and frequent 
species in the middle-stratum. Associated species in this 
community were Arbutus xalapensis, Symplocos citrea, 
Xylosma flexuosum, Fraxinus uhdei, Comarostaphylis 
discolor and Garrya laurifolia. There were no saplings of 
the species present in the upper and middle canopy. Al
though Q. rugosa was dominant in the canopy, the most 
abundant species was Ternstroemia lineata. 

3. Mixed-oak community (6 plots) 
In the canopy of this community, three oak species 

dominated the canopy (Quercus candicans, Q. castanea 
and Q. crassipes). They were associated with A/nus 
jorullensis, Cornus excelsa, Symplocos citrea, and Arbutus 
xalapensis in the middle-stratum of some stands. The sap
ling community consisted of Q. castanea and Symplocos 
citrea. 

4. Quercus castanea community (3 plots) 
In this community, Quercus castanea was the most 

abundant and frequent species and generally a unique 
element in the canopy, although sometimes Q. obtusata 
codominated. Acacia pennatula and Picramnia guerrer
rensis were present in the lower-stratum. There were no 
saplings present in these stands. 

5. Quercus crassipes-Quercus castanea community (2 plots) 
Quercus crassipes as well as Q. castanea dominated the 

canopy in this community, with A/nus jorullensis and 
Arbutus xalapensis in the middle stratum. 

6. Quercus crassipes-Pinus leiophylla community (4 plots) 
Quercus crassipes dominated the canopy, along with 

some individuals of Pinus leiophylla. Q. castanea co
dominated in the canopy, whileAlnusjorullensis and Prunus 
serotina dominated the middle-stratum. 

7. Quercus crassipes community ( 14 plots) 
Quercus crassipes dominated the canopy, and it was the 

most abundant and frequent species in the stands. This 
species was frequently associated with codominant indi
viduals of Pinus leiophylla and P. pseudostrobus. Alnu.1· 
jorul/ensis and Prunus serotina were present in the middle
stratum. Only Q. crassipes saplings were found in the stands. 
Relationships between vegetation and site conditions 

There were clear differences in results when using den-

sity or basal area data to delineate species groups by 
ordination techniques. For density data, variation accord
ing to altitude was highly correlated with Axis I. Plots 
dominated by Q. crassipes (on the left) were located at 
altitudes higher than those dominated by other oak species 
(sites on the right; Fig. 1 a). Sites dominated by Q. crassipes 
(at altitudes from 2100 to 2300 m) contained only Holarctic 
genera such as A/nus, Prunus and Pinus. In Chiapas, in 
southern Mexico, Quintana-Ascencio & Gonzalez-Espinosa 
(1993) found these genera growing at altitudes from 2300 
to 2450 m, while Kappelle ( 1995), in Costa Rica, found 
more tropical genera such as Nectandra, Geonoma, Clusia 
and Ocotea at altitudes 2300 m. Along Axis 2, plots domi
nated by Q. castanea, with the highest herbaceous cover 
and the highest canopy openness, were separated from the 
remainder (Fig. I a). Herbaceous cover was highly corre
lated with canopy openness, which can be regarded as a 
result of physiographical attributes of the plots because it is 
related to light and water availability, which in turns is an 
allogenic consequence of climate, weather, soil and topog
raphy (Smith & Huston 1989). 
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For basal area data, plots dominated by Q. crassipes 
were distinguished from the remainder of the sites (Fig. 
1 b ), probably because of their location in the driest envi
ronments (Olvera & Moreno 1992) and on flat terrains, 
mostly on plateaus. These conditions were different from 
the other sites, which were located in upper and middle 
slopes. Van Rompaey ( 1993), in a study of African forest, 
found a relationship between moisture requirements and 
the establishment of species in their catena position. 
Species characteristics of wet environments were gener
ally found at lower slopes in the catena, and species 
characteristics of dry environments were located at the 
crest. Q. crassipes, in this case, dominated the driest sites, 
presumably because they were located on northern as
pects where precipitation is lower due to orographic shade. 
Along Axis 2, plots with Q. laurina were distinguished 
from the rest of the plots because they were situated on 
southern aspects, and the rest on northern aspects (Fig. 
I b ). Southern exposures in Cerro Grande are warmer than 
northern exposures, because they receive more solar ra
diation during winter in these latitudes. Also the influ
ence of orographic shade causes higher precipitation in 
the south than in the north (Martfnez et al. 1992), which 
provides more moisture and better conditions for biomass 
growth and canopy closure. 

Conclusions 

In Cerro Grande, the physiography is highly variable, 
and differences in catenas, aspect, altitude, and topography 
can be expected in a narrow range. This variability causes 
a great variation in the species composition of oak forests 
on a small area. Using classification, seven communities 
(two of them dominated by Q. crassipes) were distin
guished and, with ordination, Q. crassipes stands were 
distinguished from the remainder, which would suggest 
that there are only two communities. Therefore, mixed-oak 
forests in the study area can be divided in two management 
zones under two different management alternatives. Those 
stands dominated by Q. crassipes can be managed under 
even-aged methods like shelterwood cuttings. This method 
involves cutting in three phases. In the first phase, the 
oldest trees or the ones with unwanted characteristics should 
be removed, in the second phase the aim is to promote the 
necessary conditions for the germination and establish
ment of oaks (basically controlling the gap size), and the 
third phase involves the harvesting of the remainder trees. 
The rest of the stands can be managed under uneven-aged 
methods like selection cuttings. Applying this method only 
the mature oak trees or those trees with a minimum diam
eter should be removed, trying to keep a balanced structure. 
As this method depends on the recruitment of seedlings 
into successive age classes, it is very important to prevent 
animals from grazing in such management areas. 
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Abstract. We studied processes of plant colonization on six of 
the most recent lava flows of the Mt. Etna volcano (Sicily, 
Italy). The following dynamic-structural stages were identi
fied: 1. Lichen and moss colonies on rocks (Rhizocarpetea 
geographici, Grimmio-Rhacomitrietea heterostichi): 2. Her
baceous communities, mostly of the Tuberarietea guttatae, 
which settle both on shallow soils, where they are mostly 
dominated by dwarf therophyte species and on deeper soils, 
where they represent steppe characteristics: 3. Shrub commu
nities (Quercetea ilicis) established in gullies and dominated 
by Calicotome l'illosa, Spartium junceum and Pistacia 
terehinthus at lower altitudes and by Genista aetnensis at 
higher altitudes: 4. Woodland communities (Quercetea ilicis) 
populating habitats of deep gullies and characterized by Quercus 
ilex and thermophilous deciduous oaks. Our analysis suggests 
that these dynamic stages belong to the series of Mediterra
nean evergreen vegetation (Quercetea ilicis). The vegetation 
stages cannot always be related to the age of lava flows, as 
other factors such as morphology of lava surface or 
microclimate come into play. 

Keywords: Primary succession; Quercetea ilicis belt: Sicily. 

Nomenclature: for plants follows Pignatti ( 1982). 

Introduction 

The flora and vegetation of active volcanoes has attracted 
a great deal of scientific interest. The study of the pioneer 
vegetation on lava fields is particularly important given 
the significance it has for the study of the primary succes
sion (Beardsley & Cannon 1930; Smathers & Mueller
Dombois 1974; van der Maarel et al. 1985; Whittaker et 
al. 1989; Mueller-Dombois 1992). Numerous authors have 
dealt with primary succession on active volcanoes. Of 
particularly importance are the studies carried out in 
Europe by Fridriksson ( 1966, 1975, 1992), Fridriksson & 
Magnusson (1992), Bjarnason (1991) and others on the 
Icelandic volcanoes, by Raus (I 986, 1988) on the Greek 
island of Santorini (Thera), by Gonzales et al. ( 1990) and 
others on the Canary Islands. In Italy similar studies have 
been conducted principally on Mt. Vesuvius (Agostini 
1975; Mazzoleni et al. 1988, 1989; Mazzoleni & Ricciardi 
1993) and on Mt. Etna (Poli 1965, 1970a, 1970b; Poli & 
Grillo 1975; Poli et al. 1975; Di Benedetto 1983; Poli 
Marchese et al. 1995). In these papers some aspects of the 
primary succession related to age and substrate characters 
were shown. 
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In the present contribution the main stages of plant 
colonization on six lava flows located on the southern 
slopes of Mt. Etna are outlined. Our aim is to briefly 
characterize structure, floristic composition and dynamics 
of the vegetation on different lava flows located in the same 
area. 

Material and Methods 

Study area 
Mt. Etna, situated in the northeast of Sicily (Italy), is a 

relatively recent volcano formed at the beginning of the 
Quaternary. Reaching a height of 3370 m and with a basal 
area of 1500 km2, the volcanic structure rests on a layer of 
Pleistocene clays. The geomorphology of Etna is charac
terized by the presence of more than 200 secondary craters 
or 'little cones', formed during lateral eruptions, by a large 
depression - an ancient caldera - on its eastern slope called 
Valle del Bove, and by numerous lava flows. The volcanic 
substrate is the result of lava flows of different ages, from 
prehistoric times until today. 

The study area is located on the southern slopes of Mt. 
Etna spanning an altitude range of 200-1100 m, in the zone 
most affected by human influence. The area is character
ised by both old and recent lava flows. This study was 
conducted on six, among the more recent flows dating back 
to 812/1169, 1536, 1780, 1886, 1910 and 1983, respec
tively (see Romano et al. 1979). 

The surface morphology of the lava flows varies accord
ing to lava type. The lava may be composed of rough
textured porous clinker-like rubble ('aa' type), of solid 
smooth-surface ( 'pahoehoe' type) or of loose fine material 
such as lapilli and volcanic ash, called 'ejecta' (Romano et 
al. 1979). The ecological factors on each lava flow vary 
according to surface morphology and microclimate. This 
gives rise to a mosaic type arrangement of vegetation (Poli 
1970a, 1971 ). 

The macroclimate of the region can be characterized 
under reference to two meteorological stations: Catania (65 
m a.s.l.) and Nicolosi (698 m a.s.l.). The mean annual 
rainfall at the former site is 626 mm while in the latter it is 
1110 mm. The mean annual temperature amounts to 18.0° 
C and 14.3° C respectively. The climate, with a dry period 
during summer, belongs to the Mediterranean type. It can 
be considered thermo-Mediterranean at the Catania station 
and mesa-Mediterranean in Nicolosi. 

The vegetation was analysed by means of phytosocio
logical releves according to Braun-Blanquet ( 1964) at each 
of the six lava flows. The releves were made in areas 
located at different altitudes and in different microhabitats 
and substrates. The areas were selected randomly, with a 
minimum distance of 50 m between each other. The side 
lava !lows areas have not been considered. 

The dynamic relationships between the stages were es
tablished with the habitat-comparison method, which is 
based on a comparison of vegetation types of different age, 
under similar habitat conditions (Braun-Blanquet 1964 ). 
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Results 

The vegetation composition on the lava flows studied 
varies markedly according to surface morphology and the 
age of the lava. There is a relationship between both these 
factors and the depth of fine material on the substrate, and 
consequently between the soil depth and the vegetation 
type. The colonization process occurring on the lava flows 
studied can be hypothetically summarized as follows: 

1. Cryptogamic stages (lava of all ages) 
The first macroscopic stage of plant colonization is rep

resented by the lichen and moss synusiae which cover the 
rough surface and little hollows of the rocks. The lichen 
vegetation is often dominated by Stereocaulon vesuvianum, 
which at times covers vast areas. The lichen communities 
all belong to the Rhizocarpetea geographici. 

In small cavities in the rock, where there is a thin layer of 
soil, mosses may become established. These are repre
sented for instance by various species of the genus 
Rhacomitrium (Rh. heterostichum, Rh. canescens). The 
moss communities belong to the classes of the Grimmio
Rhacomitrietea heterostichi and Ceratodonto-Polytrichetea 
piliferi (Poli Marchese et al. 1995). 

2. Dwarf therophyte vegetation (lava of all ages except 
1983) 

The first stage of phanerogamic vegetation is repre
sented by dwarf therophytes which become established on 
a thin layer of soil or on moss colonies. This vegetation, 
which is widespread on the various lava flows, has a 
variable tloristic composition (Poli 1970b) with at times 
Crassu/aceae species dominating, above all those of the 
genus Sedum (S. stellatum, S. coeruleum, S. tenuifolium, S. 
album, S. rubens), further containing many grasses (Vulpia 
ciliata, Aira cupaniana, Catapodium rigidum, Lamarckia 
aurea) and herb, such as Rumex bucephalophorus. They 
characterize pioneer therophyte communities of xerophilous 
character belonging to the Tuberarietea guttatae (according 
to Rivas-Martinez 1977) and identified at Mt. Etna on vari
ous lava flows (Poli 1970b; Poli & Grillo 1975; Di Benedetto 
1983; Poli Marchese et al. 1995). 

The dynamic role of this stage seems clear in that it 
represents the first phanerogamic stage on young volcanic 
substrate. In some areas this vegetation represents an inter
mediate dynamic stage between the first cryptogamic stages 
and the following ones dominated by phanerogams. 

3. Herbaceous stages (lava of all ages except of 1983) 
Where a certain quantity of fine soil has accumulated on 

the lava surface, herbaceous vegetation made up of 
xerophilous communities become established. Some of these 
communities can be considered 'Mediterranean steppe' sensu 
Giacomini (in Giacomini & Fenaroli 1958). In the areas 
most affected by human activity these communities are rich 
in disturbance-tolerant species. Examples include the com
munities dominated by Micromeria graeca or Trifolium 
incarnatum, and a community dominated by Ferula commu
nis and Asphodel us ramosus. 

Between the lava blocks, on deeper soil, discontinuous 
vegetation dominated by perennial herbs is widespread. 
Here, an important role is played by Rumex scutatus, 
Centranthus ruber. Senecio ambiguus, H elichrysum italic um 
and, in some areas, also Euphorbia characias and 
Scrophularia canina. 

This vegetation belongs to the Tuberarietalia guttatae 
and often contains nitrophilous elements from the Brome
talia rubenti-tectori communities. In some areas commu
nities belonging to this order have been identified. The 
presence on the same surface of elements belonging to the 
two orders cited can be attributed - in agreement with Izco 
( 1977) and other authors - to a transition between the 
therophyte-rich natural vegetation and those heavily dis
turbed by human activity. In the areas most affected by 
pasture activity, species belonging to the Poetea bulbosae 
are widespread (see Poli Marchese et al. 1995). 

4. Shrub stages (lava of all ages except 1983) 
Isolated shrubs are often found in various types of herba

ceous vegetation. They become established in gullies where 
a greater quantity of humus and fine earth has collected. As 
colonization proceeds the shrub cover becomes denser 
until more or less closed-canopy shrubland may develop, 
which, however, maintains a pioneer character. At lower 
altitudes the communities are most frequently dominated 
by Calicotome vi/losa, Spartium junceum and Pistacia 
terebinthus. At higher elevations the shrub stages are mostly 
dominated by Genista aetnensis. This species has an im
portant role in the colonization of the Etna lava flows - it 
characterizes various vegetation types of very variable 
floristic composition. Some of the shrubland is character
ised by presence of characteristic tree species with a shrub 
habitus, such as Que re us ilex and thermophilous deciduous 
oaks (such as Quercus cf. virgiliana, Q. cf. dalechampii) 
and Rhamnus alaternus. More mature shrublands, which at 
times appear as brushwoods, are dominated by Pistacia 
terebinthus and thermophilous deciduous oaks. There are 
various examples of those found on the oldest lava commu
nities. The various stages of shrub vegetation, even those 
belonging to the Quercetea ilicis, contain species charac
teristic of the Tuberarietea guttatae and Brometalia rubenti
tectori communities. 

5. Woody stages ( absent from the 1886, 1910 and 1983 lava 
and present on others) 

In the deep gullies in the lava flows and where the soil 
has reached notable thickness there are vegetation types 
whose composition and structure closely resemble those of 
woodlands. Of these types of vegetation those character
ised by Quercus ilex and by thermophilous deciduous oaks 
are among the most common. They represent an intermedi
ate dynamic stage linking the shrub vegetation and the 
more mature woodlands of the Quercetea ilicis. There are 
significant woodlands with Que re us ilex or other woodland 
species occurring on the oldest lava flows. These wood
lands have a very poortloristic composition; they belong to 
the Quercetea ilicis. 
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Fig. 1. Primary succession 
pathways on lava flows on the 
southern slope of Mt. Etna 
(crags: perpendicular out
crops). CRAGS and HOLLOWS THIN LAYERS of SOIL LAVA BLOCKS DEEP CREVICES EJECTA 

Discussion 

The lava flows on the low southern slopes of Mt. Etna 
present numerous dynamic stages. They are not uniformly 
present on all lava flows. For example, the structurally 
more advanced stages characterized by arboreal vegetation 
are only present on the oldest lava flows and not on the 
more recent ones of 1910 and 1983. On lava flows of only 
15 yr old none of the stages is present even though in some 
rocky habitats some lichen or bryophyte species are begin
ning to appear. The various stages identified belong to the 
same dynamic series - the series of Mediterranean ever
green vegetation of the Quercetea ilicis. 

The dynamic stages occurring on each lava flow cannot 
always be related to the age of the lava as other factors 
depending on the lava substrate come into play. Of particu
lar importance are the surface morphology and the depth of 
soil as well as the microclimatic conditions. The morphol
ogy of the lava surfaces is irregular. The irregularity, as 
pointed out by many authors (Bjarnason 1991; Mazzoleni 
et al. 1989; Mueller-Dombois 1992), allows an accumula
tion of different soil layers on the various surfaces, giving 
way to peculiar microclimatic conditions, linked to both 
sites and exposures of the surfaces themselves. The distin
guished categories of the lava surface, such as crags (per
pendicular outcrops), depressions and cavities, more or 
less flat surfaces, lava blocks, and fissures, are thus colo
nized by different successional stages. 

The plant colonization process is also regulated by biotic 
factors connected with the colonizing species concerned, 
such as the dispersal type, germination capacity, growth 

and longevity, as emphasized by Chevennement ( 1990). 
Moreover the constant presence of man and his activities 
(sheep grazing, intense urbanization of the surrounding 
area, etc.) allows the growth of disturbance-tolerant and 
ruderal species in the various vegetation stages. This can 
influence further development of vegetation. 

On the basis of the data collected in the area studied we 
can hypothesize a comprehensive scheme of the succession 
pathways on the lava fields (Fig. I). This pathway scheme 
is in accordance with the tolerance succession model 
(Connell & Slatyer 1977). This model, which is also appli
cable to findings of Lebrun ( 1959), Leonard ( 1959) and 
others working on vegetation of volcanoes, is based on the 
principle that species present in each stage of the succes
sion modify the substrate where they appear, making it 
more favourable for other species, which become estab
lished and then compete with and eventually eliminate the 
previous one. 

This study, which follows others of other lava flows on 
the lower slopes of Mt. Etna (Poli & Grillo 1975; Di 
Benedetto 1983; Poli Marchese et al. 1995), provides fur
ther information for a description of the plant colonization 
process on Mt. Etna. 
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Abstract. Variation in vegetation zonation on the mountains 
of the Caucasus is defined first of all by the (I) geographically 
transitional position of the region between the temperate de
ciduous broad-leaved forest zone and the latitudinal subtropi
cal zone, (2) position in the contact area of different phytogeo
graphical provinces: Mediterranean, Minor Asian, Iranian, 
and (3) by the evolutionary history of the Caucasian flora and 
vegetation (there were two refugia of Tertiary flora in the 
region during the ice-ages). Basically, there arc four types of 
vegetation zonation on the Caucasus mountains: West Cauca
sian (Colkhic), East Caucasian, South Caucasian (Front Asian) 
and Southeast Caucasian (Hyrkanic). 

Keywords: Altitudinal profile; Refuge; Vegetation zone. 

Introduction 

The Caucasus region covers a total area of 500000 km 2 

and includes the nations of Armenia, Azerbaijan and Geor
gia, the North Caucasian portion of the Russian Federation, 
the northeastern part of Turkey, and a relatively small part 
of northwestern Iran. It is a region of natural contrasts, and 
is composed of several prominent orographic elements 
(Fig. I). The climate is very variable. Mean annual precipi
tation in its southwestern part exceeds 2000 mm in the 
coastal area of the Black Sea; in contrast, it rarely exceeds 
150 mm in the southwestern part of the Caspian Sea coast. 
Mean annual air temperature in the Transcaucasian part of 
the Black Sea coast and Caspian Sea coast is l 5°C declin
ing from south to north and with increasing altitude. The 
flora and vegetation of the Caucasus are quite diverse, and 
depend on both the physical features discussed above and 
the evolutionary history of the ecosystems. First of all, 
there are two refugia of Tertiary flora in the region, the 
Colkhic in the catchment basin of the Black Sea and the 
Hyrkanic in the extreme southeastern end of the Caucasus. 
Even now, many relict forms still appear as dominants or 
co-dominants in a number of plant communities. 

Concepts 

A mountain 1·egetatio11 ::.one is defined as a combination 
of zonal primary (climax) formations. A zone may consist 
of belts which differ from each other by the actual combi
nations of the zone's characteristic formations and separate 
plant communities (i.e. by their formation spectrum). A 
type of ::.onation is determined by the altitude combination 
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of vegetation zones (::.onal attitudinal profile - ZAP), which 
is repeated in the whole area with a certain variation. A f)pe 
of ::.onation is a general notion which encompasses the most 
characteristic and common features of certain sub-f)pes. 
Below we will discuss the main types of zonation as clearly 
exposed on the Caucasian mountains. 

Zonation typology 

Four main types arc distinguished in the Caucasus moun
tain zonation (Fig. I). 

I. West Caucasian (Colkhic) f)'/Je. 
This type is characteristic of the western sections of the 

Great Caucasus range and of the Small Caucasus mountain 
chain, mainly where the Caucasus embraces the Black Sea 
catchment basin, i.e. to that region, where one of the 
refugia of hygro-thermophilous representatives of the Ter
tiary flora existed during the ice-ages. This type was formed 
under humid conditions (mean annual precipitation is mostly 
more than 2000 mm, in certain places it even exceeds 4000 
mm). The main characteristic of this type is a wide distribu
tion of Colkhic relicts along the whole zonal altitudinal 
profile, almost from sea level up to 2300 m. Colkhic relicts 
either form a 2 -4 m tall dense understorey in different 
forest types, or they occur as independent shrub communi
ties in certain habitats. Here, in the Transcaucasus (lower 
subalpine belt) endemic oak and birch elfin woods are 
found, with Quercus pontica. Betula medwedewii and B. 
megrelirn: other endemic relicts include Rhododendron 
ungernii. R. smirnowii, Epigaea gaultherioides and Cory/us 
colchica. 

IA. Humid thermophilous Colkhic broad-leaved forest zone. 
This zone occurs up to 1000 ( 1200) m. 

IA I. Mixed broad-learedf forest belt. This belt occurs up to 
500 ( 600) m and includes Castanea sativa, Carpinus cauca
sica. Fagus orienta/is, Querrns hartwissiana and 'Zelkm•a 
ca17Jinif<Jlia. with a Colkhic understorey including Rhododen
dron ponticum, Laurocerasus ofjicinalis andRuscus colchicus 
as well as the lianas Hedera colchica and H. lzelix. In relatively 
dry habitats thermophilous hornbeam-oak forests occur with 
Quercus iberica, Carpinus caucasica and C. orientalis, in the 
South Colkhis (from 200 m up we find pine-oak forests with 
Quercusdslwrochensis and Pin us kochiana as well as Colkhic 
thickets with Rhododendron ponticum, !lex colchica, 
uwrocerasus ofjicinalis and Ruscus co!chicus. 

IA2. Chestnut .f<Jrest belt. This belt is characterized by 
forests with Castanea sativa and Fagus orientalis, occur
ring from 500- 1000 ( 1200) m ) with a Colkhic understorey; 
further by thermophilous oak forests and Colkhic thickets 
(see IA I with Vaccinium arctostaphylos). 

IB. Humid beech forest ::.one. A zone between I 000 (800) -
1400 ( 1800) m with Fag us oriental is forest often with a 
Colkhic understorey, and dark coniferous/beech forests (see 
I C) partly with a Colkhic understorey. Colkhic thickets 
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(see IA I with R. ungernii, Vaccinium arctostaphylos, Vi
burnum orient ale). 

IC. Nemoral humid coniferous forest zone. This zone, from 
1400 ( 1000) - 1800 (2100) m, includes forests with Abies 
nordmanniana, Picea orientalis and Fagus orientalis, partly 
with Colkhic understorey. Colkhic thickets occur as in I B. 

ID. Subalpine elfin wood and meadow zone. This zone 
occurs from 1800 (1600) - 2400 (2700) m. 

ID I. Lower subalpine belt. This belt occurs from 1800 
(1600) - 2100 (2200) m and includes F agus orientali.~. 
Quercus pontica and Betula medwedewii elfin woods, of
ten with a Colkhic understorey; tall herbaceous vegetation 
occurs with Heracleum ponticum and Ligusticum physo
spermifolium. Other elements include dark coniferous for
ests; Rhamnus imeretina, Sorbus subfusca or Cory/us 
colchica thickets; Colkhic thickets (see I B); meadows. 

ID2. Upper subalpine belt. This belt, from 2100 - 2400 
(2700) m, includes birch/ash-birch elfin woods with Betula 
litwinowii and Sorbus caucasigena; Rhododendron 
caucasicum thickets; meadows with Calamagrostis 
arundinacea and Geranium platypetalum - on limestone 
with Woronowia speciosa and Carex pontica. 

IE. Alpine grassland and thicket zone. This zone appears 
between 2400and 2900 (3000) m. 

!El. Lower alpine belt. This belt occurs from 2400 to 2750 
m and includes grasslands (Nardus stricta and Geranium 
gymnocaulon) and Rhododendron caucasicum thickets. 
IE2. Upper alpine belt. This belt occurs from 2750 to 2900 

AZ.al/ 

___ ......... 

I West Caucasian (Colkhic); II East Caucasian 
III South Caucaswn (Front Asian): 
II· South-East Caucasian (Hyrkanic) 

(3000) m and with grasslands (Festuca supina, Kobresia 
schoenoides and Geranium gymnocaulon) and mats 
(Cerastium cerastoides and Ranunculus svaneticus); rock 
and scree vegetation. 

IF. Subnival zone. This zone occurs from 2900 - 3700 
(4000) m and includes open plant communities (Cerastium 
polymorphum and Minuartia trautvetteriana); fragments 
of mats and grasslands (up to 3000 m). 

IG. Nival cryptogam zone. This zone occurs> 3700 m. 

II. East Caucasian type 
This type is characteristic of the eastern sections of the 

Great Caucasus range and of the Small Caucasus mountain 
chain. The climate has continental features over most of the 
area: mean annual precipitation varies from 600 to I 000 
mm limits. Besides, the northern slope of the Eastern Great 
Caucasus and the Small Caucasus are drier than the south
ern slope of the Eastern Great Caucasus, which is reflected 
on the zonation sub-type level. Furthermore, in compari
son with the humid Colkhis, corresponding zones are lo
cated I 00-200 m higher here. Due to the absence of refugia 
the zonation is relatively simple. 

!IA. Thermophilous oak forest zone. This zone occurs up to 
1000 (1200) m. 

IIAI. Riverside andjc)()thillforest belt. This belt, at< 500-
600 ( I 000) m, includes oak/poplar forests with Que re us pe
dunculifiora and Populus hybrida, thermophilous hemixeric 
hornbeam-oak forests on the slopes ( Que rcus iberica, Carpinus 
orientalis); arid woodlands (Pistacia mutica, Juniperus poly
carpos); shibliak (Paliurus spina-christi, Rhamnus pallasii). 

--------

Fig. 1. Main types of mountain zonation in 
the Caucasus. 
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IIA2. Lower mountain belt. This belt, from 500 - I 000 
( 1200) m, includes oak/hornbeam forests (Quercus iberica, 
Carpinus caucasica); beech and hornbeam-beech forests 
(Fagus orientalis, Carpinus caucasica). 

IIB. Mesic beech forest zone. This zone occurs from I 000 -
1800 (2000) m. 

IIB I. Middle mountain belt. At IOOO - 1500 m this belt 
includes Fagus orientalis and Pinus kochiana forests. 

IIB2. Upper mountain belt. This belt, at 1500-1900 (2000) 
m, includes Fag us oriental is forests; Quercus macranthera 
forests; Pinus kochiana forests. 

IIC. Subalpine elfin wood and meadow zone. This zone 
occurs between 1900 (2000) and 2500 (2700) m. 

IIC I. Lower subalpine belt. This belt, at 1900 - 2200 m, 
includes Quercus macranthera, Pinus kochiana and Acer 
trautvetteri woodlands; elfin woods (Betula litwinowii, B. 
raddeana); tall herbaceous vegetation (Heracleum sos
nowskyi, Aconitum orientate); low open juniper communi
ties (Juniperus hemisphaerica) on the rocks and scree; 
Rhododendron caucasicum thickets; meadows (Agrostis 
planifolia, Geranium ibericum); meadow steppes (Festuca 
ovina, Carex humilis). 

IIC2. Upper subalpine belt. This belt, at 2200-2500 (2600) 
m, is characterized by birch/ash-birch elfin woods (Betula 
litwinowii, B. raddeana, Sorbus caucasigena); Rlwdoden
dron caucasicum thickets; meadows (Festuca H·oronowii, 
Betonica macrantha). 

IID. Alpine grassland and thicket zone. This zone occurs 
between 2500and 3000 (3200) m. 

IID I. Lower alpine belt. This belt, found between 2500and 
2800 m, includes grasslands (Festuca woronowii, Carex 
tristis and Kobresia capilliformis); Rhododendron 
caucasicum thickets. 

JJD2. Upper alpine belt. This belt, from 2800-3000 (3200) 
m, includes grasslands (see IID I, with Kohresia schoen
oides) and mats (Sihbaldia pan·iflora. Ca rum caucasicum) 

IIE. Subnival open ::.one. In this zone, at 3000 - 4000 m, 
open plant communities with Cerastium kasbek and 
Tripleurospermum subnivale occur, with fragments of mats 
and grasslands (up to 3300 m). 

IIF. Nival cryptogam ::.one. This zone is found at> 4000 m. 

Ill. South Caucasian ( Front Asian) type 
This type is characteristic of the uplands and mountains 

of the Southern Caucasus mainly composed of volcanic 
sediments. Here representatives of the Caucasian relict 
flora do not occur: Anatolian-Iranian components pre
dominate in the plant communities tloristic composition; 

the typical forest zones are not characteristic of the zonal 
altitudinal profile which is formed in xerothermic, conti
nental conditions: the mean annual precipitation varies 
within 250 -500 mm limits and increases in high-mountain 
regions. In comparison with humid regions in the Caucasus 
the corresponding zone limits are situated 300 - 400 m 
higher. The typical zonal altitudinal profile is as follows: 

II/A. Desert wne. This zone, at < 800 m, includes dwarf 
semi-shrub deserts (Artemisiafragrans. Sa/sofa spp. with 
ephemeroids); deserts with Halocne111um strobilaceum and 
Suaeda microphylla on saline soils: thorn-cushions (Astra
galus microceplwlus). 

JIIB. Xeric grass and semi-shrub ::.one. This zone, at 800 
( 1200)- 1600 m, includes tomillares (Thymus kotschianus, 
Scutellaria spp.); friganoids (Ambliopogon spp., Caccinia 
rauwoljii); thorn-cushions (Astragalus micrornphalus, 0110-

brYChis comuta); steppes (Stipa spp., Festuca l'{llesiaca, 
Carex h11111ilis). 

JIIC. Hemi-xeric woodland zone. This zone, at 1600- 2300 
(2400) m, includes Quercits macranthera woodlands; low 
woodlands (Pyrus spp .. Acer hyrcanum. Juniperus 
polyrnrpos); hemi-xeric shrublands (Cotoneaster spp., 
Sorbus graeca); steppes (Stipa tirsa, Festurn rnlesiarn); 
thorn-cushion steppes (Astragalus spp., Onohrychis 
comuta); meadow steppes (Festurn o\'ina, Carex humilis). 

JIID. Suhalpine zone. In this zone, between 2300 and 2800 
(2900) m, we find Quercus macranthera woodlands; steppes 
(Festuca l'(l/esiaca, Sesleria phleoides); meadows (Bromop
sis variegata, Koeleria caucasuca ): meadow steppes 
(Festuca l'{l/esiaca. Bromopsis variegata); thorn-cushions 
(Astragalus aureus, A. lagurus, Onobrychis cornuta). 

JJJE. Alpine zone. This zone, at 2800 - 3400 (3600) m, 
includes alpine grasslands (Festuca H'oronowii. F. chalco
phaea, Alopecurus aucheri. Carn: tristis). mats (Sibbaldia 
pan•iflora. Alchemilla erythropoda); rock and scree veg
etation. 

Ill F. Subni)'{{/ open ::.one. Between 3400 and 4200 ( 4400) m 
open plant communities occur with Draha araratica, Poa 
araratica and Saxiji·aga hirculus. 

Ill G. Nil'(// cryptogam wne. Herc this zone is found at> 
4200 m. 

IV. Southeast Caurnsian ( Hyrkcmic) type 
This type is characteristic of the extreme southeastern 

part of the Caucasus, southeast Azerbaijan and the north
west Iranian mountains along the Caspian Sea coast. Here 
the other refugium from the Tertiary flora, the Hyrkanic 
refugium, occurs. There is more difference than similarity 
between the Colkhic and Hyrkanic refugia. In the Hyrkanic 
area evergreen species are less widely distributed and are 
of less phytocoenotic importance. Besides, if relicts arc 
spread from sea level to alpine belt in Colkhis, communi-
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ties in Hyrkanic area, where relicts appear as dominants 
and co-dominants, reach only up to I 000- 1200 m. Due to 
local climatic peculiarities, the lower zones of the moun
tains are more humid than the upper zones: the mean 
annual precipitation in the sub-mountain area is 1700 mm 
(expressed by summer minimum), while the mean annual 
precipitation above 2000 mis 300-400 mm. 

IVA. Humid thermophilous Hyrkanic broad-leaved fcJrest 
z.one. This zone occurs at altitudes< I 000 ( 1200) m. 

IVA/. Mixed broad-leavedfcirest belt. This belt is found up 
to 600 m and includes several oak forests with Quercus 
castaneif'olia, Parrotia persica, Zelkova carpinzfolia, 
Albi::.zia julibrissi11, Diospiros lotus and other tress and 
with shrubs/semi-shrubs such as I/ex hvrcana, Ruscus 
hyrcanus and Danae racemosa and lianas (Smilax exce/sa, 
Hedera pastuclwvii). An other forest type is characterized 
by the thermophilous Quercus castaneifolia. 

IVA2. Oak .fiJrest heft. This belt occurs from 600 to I 000 
( 1200) m and includes Quercus castane1f<1lia forest (see 
above), beech and beech/hornbeam forests (Faf?US 
orientalis, Carpinus caucasica) and Quercit.\' iberica
Cw7Ji11us caucasica forests. 

'/VB. 1000-1600 ( 1800) 111 - mesic beech forest wne: -
Faf?US orientalis forests. 

IVC. Steppe and xeric dwwf semi-shrub -::.one. From 1600 
to 2300 (2500) m we find steppes with Stipa spp. and 
Festuca valesiaca; thorn-cushions (Astraf?alus aureus, 
Onobrychis comuta): - meadow steppes (Festuca va/esiaca, 
Carex hwnilis). 

Discussion and Concluding remarks 

The typology of the mountain zonation in the Caucasus 
as described here is related to that of Stanukovich ( 1973). If 
the Colkhic altitudinal profile is interpreted as a subtropical 
forest - forest - dark coniferous forest - meadow-shrub 
zone, the Colkhic zonation type can be linked not only to 
Scandinavian, Alpine and Carpathian zonations, but to 
other region types as well. Similarly the Eastern Caucasian 
type could be linked to the Central Asian group type (cf. 
Gagnidze 1970). 

Another case of over-complication of the Caucasus moun
tain zonation typology (e.g. Shifters 1955) is connected 
with (I) lack of attention to common features of different 
but geographically close regions and (2) the fusion of the 
notions of actual and natural potential vegetation; for in
stance, numerous types of secondary vegetation in defor
ested areas in the North Caucasus may complicate the 
zonal pattern. 

The occurrence of refugia has greatly influenced the 
Colkhic type of zonation; in other cases relict - including 
evergreen hygro-thermophilous - elements may not be so 
diverse. Analogies for a Colkhic-type zonation can be 
found in areas characterized by transitional 'laurineous 

forests' (Kkitzli 1988) or ·warm evergreen Faf?us forests' 
(Fujiwara 1998), particularly in the northern parts of the 
Southeastern United States and the Southern Andes 
(Hildebrand-Vogel et al. 1998) as well as in some other 
regions. Similar relations could be found with the Hyrkhanic 
refugial type, but as mentioned above, evergreen elements 
are less distinctive in this type. If we compare the Colkhic 
and Hyrkanic types with European mountain zonation types 
(Ozenda 1994 ), the convergentional features point rather to 
the southern Alps. 

The South Caucasian type could be united with the 
Southeast Anatolian-West.Iranian group of zonation types. 
The issue of the East Caucasian type requires an additional 
investigation: this type, among other Caucasian types, has 
a transient position. 
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Abstract. A first syntaxonomical account ofphytosociological 
classes of urban open spaces was completed. Data were used 
from six separate phytosociological studies which include 
railway and roadside embankments, vacant lots, pavements, 
parking areas, wetlands and other natural areas. Plant commu
nities in South African urban areas were given formal names 
according to the International Code for Syntaxonomic No
menclature. A synoptic table consisting of 99 synthetic col
umns, each representing a plant community described in six 
separate studies, was compiled using MEGATAB. TWINSPAN 
was used to analyse the synoptic data and subsequently Braun
Blanquet procedures were implemented to classify the com
munities in a hierarchical system, from which phytosociological 
classes were identified. Two classes representing synanthropic 
vegetation namely the Stel/arietea mediae R.Tx et al. ex von 
Rochow 1951 and the A/temanthero punf;entis-Cynodontetea 
dactrli Cilliers & Bredenkamp - with three orders and seven 
alliances - were identified and are discussed in this paper. Only 
one association was described in each alliance to validate the 
higher syntaxon names. The classification of the newly de
scribed class serves as a basis for further investigations to, 
amongst other aspects, identify other associations in this class. 
Using Detrended Correspondence Analysis ordination the con
tribution of certain habitat and anthropogenic variables in the 
establishment of the different syntaxa is discussed. 

Keywords: Braun-Blanquet method; MEGATAB; Syntaxo
nomic classification, 

Introduction 

Urban ecological research with the emphasis on urban 
vegetation studies is of increasing practical importance 
(Pysek 1995). Applications of these studies include urban 
land management, planning and nature conservation 
(Sukopp & Weiler 1988) and the use of synanthropic plants 
as bio-indicators in monitoring the quality of urban envi
ronments (Sukopp & Werner 1983; Franceschi 1996). De
scription of urban vegetation is usually linked with the 
phytosociological approach, and more specifically formal 
syntaxonomy (Pysek 1995). 

Although the importance of urban vegetation studies is 
realized in South Africa (Poynton & Roberts 1985; Roberts 
& Poynton 1985) a formal syntaxonomical classification of 
urban open space vegetation was never attempted before. 
In a recently completed series of studies in the Potchefstroom 
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Municipal Area in different land use areas such as railway 
reserves, parks, pavements and parking areas, vacant lots, 
road verges, urban wetlands and other natural areas (Cillicrs 
& Bredenkamp 1998, 1999a, b, 2000; Cilliers et al. 1998, 
1999), synanthropic vegetation was included. 

The main objective of this study was to compile a 
phytosociological synthesis and establish a formal 
syntaxonomy for urban open spaces in the Grassland Biome 
of South Africa. The six studies of different land use areas 
mentioned above, were used, but emphasis is placed on 
synanthropic vegetation. 

Material and Methods 

Potchefstroom is one of the main centres in the North 
West Province of South Africa. It is situated in the Grass
land Biome (Rutherford & Westfall 1994) and more spe
cifically in the Dry Sandy Highveld Grassland (Bredenkamp 
& van Rooyen 1996 ). The study area includes all urban 
open spaces in the Potchefstroom Municipal Arca and is 
situated between 27°00' and 27°07' E and 26°40' and 
26°44' S. 

Six separate phytosociological studies had been carried 
out in the study area, comprising the classifications of the 
following stratification units in different land use areas: 
I. Railway line reserve areas (Cilliers & Bredenkamp 1998); 
2, Intensively managed sites which include parks, pave
ments and parking areas (Cilliers & Bredenkamp 1999a); 
3. Vacant lots in residential, commercial and industrial 
areas (Cilliers & Bredenkamp 1999b); 
4. Wetland areas (Cilliers et al. 1998); 
5. Road verges of the six main entrance roads into 
Potchefstroom, along an urban-rural gradient (Cilliers & 
Bredenkamp 2000); and 
6. Natural and semi-natural areas on the city margin and 
fragments inside the city (Cilliers et al. 1999). 

Combination of the six data sets resulted in a large, rather 
unmanageable data set. The three-step procedure for ana
lysing large data sets proposed by Bredenkamp & 
Bezuidenhout ( 1995) was therefore followed. Step I was 
already completed in each of the six studies, which resulted 
in phytosociological tables and vegetation classifications. 
A total of 99 plant communities, sub-communities and 
variants were identified, informally named and described. 
Step 2 comprises the compilation of synoptic tables using 
MEGATAB (Hennekens 1996) and then re-entered into a 
combined data set. TWINSPAN (Hill 1979a) was used to 
analyse the combined synoptic data and subsequently Braun
Blanquet procedures were used to classify the 99 vegeta
tion units in a hierarchical system. From the hierarchical 
classification higher syntaxa, including classes were iden
tified. To validate the higher syntaxa, an association was 
described for each of the higher syntaxa, but these are not 
discussed in this paper. An alteration to step 3 was made. 
Instead of constructing separate phytosociological tables 
for each phytosociological class, as was proposed by 
Bredenkamp & Bezuidenhout ( 1995), the large synoptic 
table was divided into a separate synoptic table for each 
class, which was reorganized separately from each other, to 
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identify the lower syntaxa in each class. Only the synoptic 
table for one of the classes of synanthropic vegetation is 
included in this paper (Table I) and not the large synoptic 
table (Cilliers 1998) nor the synoptic tables for the other 
classes. The matrix of the synoptic table show the con
stancy values and the average cover-abundance values in 
brackets (Mueller-Dombois & Ellenberg 1974 ). Detrended 
Correspondence Analysis (Hill 1979b) was applied to the 
large synoptic data set to determine possible gradients in 
vegetation. A step-by-step ordination technique was used. 
Of the five separate ordinations only step 5 (Fig. I) is 
included in this paper. 

Results and Discussion 

Communities belonging to two classes of synanthropic 
vegetation were recognized in the study area. 

I. Stellarietea mediae R. Tx. et al. von Rochow 1951 
The Stel/arietea mediae which consists of annual, herb

rich ruderal and agrestal communities in Europe (Mucina 
1997) is represented by two communities in Potchefstroom. 
These communities probably belong to the European order 
of the Sisymbrieta/ia J. Tx .. ex W. Matuskiewicz 1962. 
Those represent a new alliance for South Africa - the 
Ma/vo neg/ectae-Sisymbrion orientalis Cilliers & 
Bredenkamp. 

This alliance consists of short-lived. species-poor com
munities occurring in pavement cracks (Cilliers & 
Bredenkamp 1999b) or along south-facing walls on vacant 
lots (Cilliers & Bredenkamp 1999a) inside the city. The soil 
can be regarded as the synanthropic soil form, Witbank 
(Anon. 1991 ). Although this alliance may establish through
out the year. it is much more conspicuous during or just 
after the winter months, when there is a decline in manage
ment of pavements and vacant lots. The differential species 
of the Ma/vo neglectae-Sisymbrion orientalis Cilliers & 
Brcdenkamp are the annual, European forbs Malva neglecta 
and Sisymbrium orientate. 

2. Alternanthero pungentis-Cynodontetea dactyli Cilliers 
& Bredenkamp 

This newly described class includes 37 informally de
scribed plant communities, sub-communities and variants 
of ruderal vegetation in the study area, always associated 
with some type of disturbance (Cilliers 1998; Cilliers & 
Bredenkamp 1998, 1999a, b, 2000; Cilliers et al. 1998, 
1999). Although the soil type can be regarded as the synan
thropic Witbank soil form (Anon. 1991 ), different alkalin
ity levels, clay contents, gravel contents, water contents 
and soil compaction levels were recorded for the different 
syntaxa of this class. 

The differential species are the prostrate perennial forb 
Alternanthera pungens and the erect annual forb Conyz.a 
bonariensis introduced from South America (Table I). 

The following lower syntaxa were described in this 
class: 

2.1. Plantagino lanceo/atae-Modio/etalia carolinianae 

Cilliers & Bredenkamp inside the city in areas which are 
intensively managed and where direct human impact such 
as trampling, mowing, weeding and the use of chemicals, 
are high, but where adequate water is available. 

2.1.1 Medicaginion lupulinae Cilliers & Bredenkamp is 
associated with frequently mown areas inside the city 
which are relatively wet, on lawns in parks (Cilliers & 
Bredenkamp 1999a), along road verges (Cilliers & 
Bredenkamp 2000), and occasionally in wetland areas 
(Cilliers et al. 1998). Some of the communities in this 
alliance are more conspicuous in winter when no mowing 
take place, and other communities are restricted to areas 
under trees, which are protected from frost in winter. 

2.1.2 lpomoeo purpureae-Paspalion dilatati Cilliers & 
Bredenkamp is also situated in wet areas which are fre
quently mown inside the city, but particularly on soils with 
a high clay content (> 40 % ) and which are highly com
pacted (> 4.5 kg/m2). 

2.1.3 Setario sphacelatae-Urochloion mosambicensis 
Cilliers & Bredenkamp is restricted to the highly disturbed 
parts of road verges on the city margin, on sandy soils in 
ditches which may be seasonally waterlogged, but also in 
drier parts such as the edges of the road shoulders on 
compacted, somewhat gravelly soils. This alliance seems 
to include different stages of succession of the verges of 
newly constructed roads in the study area (Cilliers & 
Bredenkamp 2000). 

2. 1.4 Eragrostio lehmannianae-Guilleminion den.we 
Cilliers & Bredenkamp is associated with high levels of 
trampling on pavements (with or without paving stones 
and slabs) (Cilliers & Bredenkamp 1999b ), vacant lots 
(Cilliers & Bredenkamp 1999a) and some of the children's 
playgrounds inside the city (Cilliers 1998) and also on the 
highly compacted road shoulders along the entire urban to 
rural gradient of the six main entrance roads to 
Potchefstroom (Cilliers & Bredenkamp 2000). Although 
some of these areas are mown as well, mowing takes place 
less frequently than in the areas occupied by the 
Medicaginion lupu/inae (alliance 2.1.1 ). 

2.2 Enneapogoneta/ia cenchroidis Cilliers & Bredenkamp 
is associated with compacted skeletal soils in dry and hot 
conditions along railway lines (Cilliers & Bredenkamp 
1998) and roads (Cilliers & Bredenkamp 2000) in the study 
area. It also occurs on derelict land on the city margin on 
mixtures of soil and building debris which were dumped 
more than four years ago (Cilliers 1998). This order is also 
situated on older rubbish dumps which were covered by a 
layer of topsoil (Cilliers 1998). 

2.2.1 Enneapogonion cenchroidis 

2.3 Conyzo bonariensis-Argemonetalia mexicanae Cilliers 
& Bredenkamp consists of short-lived communities in 
which annual plants are dominant. It is situated in very dry 
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and hot conditions, on compacted soils or on heaps of soil 
and building debris, which were recently dumped (not 
more than 4 yr ago) on vacant lots inside the city (Cilliers & 
Bredenkamp 1999b) or on natural and semi-natural areas 
on the city margin (Cilliers 1998; Cilliers et al. 1999), as 
well as on very gravelly areas next to railway lines (Cilliers 
& Bredenkamp 1998). 

2.3.1 So/anion elaeagnifolii Cilliers & Bredenkamp oc
curs mainly on heaps which consist of a mixture of soil and 
building debris. 

2.3.2 Argemonae mexicanae-Salsolion kali Cilliers & 
Bredenkamp is unique to those gravelly areas between 
railway lines in the study area, which are sometimes sub
jected to the use of herbicides (Cilliers & Bredenkamp 
1998). 

A DCA-ordination of the synoptic releves of the Alter
nanthero pungentis-Cynodontetea dactyli was undertaken 
(Fig. I). The synoptic releves of the three orders and the 
four alliances of one of the orders (2.1) are restricted to 
specific areas on the diagram (Fig. I). On ordination axis I, 
the Enneapogonetalia cenchroidis ( order 2.2) and the 
Conyzo bonariensis-Argemonetalia mexicanae (order 2.3) 
are separated from the Plantagino lanceolatae-Modioletalia 
carolinianae (order 2.1) as they arc situated in drier, hotter 
habitats, in soil with a high percentage gravel in areas 
which are not mown and where not much trampling take 
place. These two orders (2.2 and 2.3) can be distinguished 
from each other on ordination axis 2 on the basis of soil 
compaction levels, percentage of introduced therophytes 
and alkalinity levels in the soil. The four alliances of the 
Plantagino lanceolatae-Modioletalia carolinianae (Order 
2.1) can be clearly distinguished from each other (Fig. I). 
Although not very clearly, the Medirnginion lupulinae 
(alliance 2.1.1) is separated from the other alliances (2.1.2. 
2.1.3 and 2.1.4) on ordination axis I, as mowing occurs 
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Fig. 1. Detrended Correspondence Analysis of the Alternan
thero pungentis-Cynodontetea dactvli (reduced data set after 
the removal of synoptic rel eves of the other phytosociological 
classes) of urban open spaces in the Potchefstroom Municipal 
Area, North West Province, South Africa (numbers of syntaxa 
refer to those in text). 

more frequently and trampling levels and percentage of 
gravel in the soil are high. The Eragrostio lehmannianae
Guilleminion den.we (alliance 2.1.4) which is situated in 
the centre of the diagram differs from two of the other 
alliances (2.1.1 and 2.1 .3) by the high levels of trampling. 
The Setario sphacelatae-Urochloion mosambicensis (alli
ance 2.1.3) occurs at the top of ordination axis 2 and can be 
distinguished from the other alliances (2.1.1, 2.1.2 and 
2.1.4) in that soil compaction is high and that a low percent
age of introduced therophytcs occur. 

The ruderal communities described in these two classes 
have the ability to establish in areas which are unsuitable 
for any of the other 12 phytosociological classes in the 
Potchefstroom Municipal Area (Cilliers 1998). These areas 
are trampled or frequently mown or have high soil alkalin
ity or contain dumps of soil or building debris, and this 
class contributes, therefore, to the total species diversity of 
urban open spaces in Potchefstroom. Knowledge of the 
existence and distribution of the Altemanthero pungentis
Cynodontetea dactyli is further important in that they con
tain declared weeds or invaders, which could possibly be 
better controlled if the communities in which they exist, are 
better understood (Vincent & Bergeron 1985). Due to the 
long history of urbanization in Europe, ruderal communi
ties have been the subject of many studies over the past 30 
yr. According to Mucina (1989) changes in traditional 
human activities such as abandonment of keeping domes
tic animals near houses, new ways of managing road verges, 
reclamation of dung hills and rubbish tips, lead to the 
endangerment of certain ruderal communities in Europe. 
and some means must be found to preserve them. Conser
vation of ruderal communities in South Africa. especially 
in cities and towns, seems a far-fetched idea at the moment, 
probably because of the presence of noxious species and 
the so-called aesthetic conflict as described by Gilbert 
( 1989). More scientific knowledge on the floristic compo
sition and dynamics of ruderal communities and the phe
nology of the species in these synanthropic communities, 
may perhaps lead to the realisation that some of these 
communities should also be conserved in urban open spaces 
in South Africa. 

The present study serves as a basis for further detailed 
syntaxonomic investigations. Although an attempt was 
made to establish a hierarchy in each of the phytosociological 
classes, all the associations present in the study area were 
not formally described. A satisfactorily description of all 
the associations can only be achieved if the original releves 
representing a specific class are combined in a single 
phytosociological table (Step 3 of the procedure for the 
analysis of large phytosociological data sets proposed by 
Bredenkamp & Bezuidenhout 1995). The identification 
and description of classes, orders and alliances in the 
present study and the future identification and description 
of all the associations in the study area. form the basis for 
the use of the deductive method of classification. The 
deductive method of classification (Kopecky et al. 1995; 
Dostalek 1996) was proposed to develop and supplement 
the classification procedures of the Braun-Blanquet ap
proach ( inductive method of classification) as it sometimes 
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Table 1. Part of a synoptic table oftheA/ternamhero pungentis-C_rnodontetea dactyli Ci/lie rs & Bredenkamp (in press) in urban open 
spaces in the Potchefstroom Municipal Area, North West Province, South Africa (numbers of syntaxa refer to those in text) . 
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failed to solve classification problems (Pysck 1995 ). Veg
etation in man-made habitats consists of species with wide 
ecological amplitudes, which develop towards more uni
form vegetation types without recognisable characteristics 
(Suk opp & Werner 1983 ). These synanthropic vegetation 
types are very difficult to be typified at the association level 
and are, therefore, simply ignored (Pysek 1995 ). 
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Abstract. We investigate colonization patterns of native phy
tophagous insects on alien tree genera in Germany and on 
herbaceous alien cabbage plants (Brassicaceae) in Poland. 
Compared to native trees, alien tree genera are poor in species. 
Variation in insect species richness across these trees is best 
explained by the time of presence in Germany. In contrast to 
trees, the insect fauna on alien species of Brassicaceae is not 
impoverished. This is explained by host expansions mediated 
by secondary chemistry. We conclude that factors influencing 
insect communities on alien plants are similar to the processes 
influencing insect communities on native genera. 

Keywords: Brassicaceae; Germany; Invasion; Neophyte; 
Poland; Species richness; Tree. 

Introduction 

The invasion of alien organisms in new biogeographic 
regions triggered by human activities is considered as one 
of the major threats to biodiversity (reviews in Drake et al. 
1989). However, the invasions of aliens may be viewed as 
large-scale experiments. The analysis of the invasion proc
ess, the build up of biotic interactions in the new area 
(Leclaire & Brandl 1994) and the evolutionary conse
quences triggered by these new interactions provide impor
tant clues to understanding the organization of communi
ties. However, biological invasions are not restricted to 
anthropogenic communities. Invasions have always been 
important during the history of biogeographic regions. For 
example, after the Pleistocene the complex invasions of 
species triggered the assemblage of recent communities in 
Central Europe. l\evertheless, the scale of invasions caused 
by humans is unique in the history of biotas. 

The most important type of biotic interaction in terres
trial systems is the relationship between plants and insects. 
The colonization of alien plants by native insects may help 
to understand the factors influencing the composition of 
phytophagous imect communities. In general, the coloni
zation process depends on temporal and spatial patterns of 
the invasion, the characters of the plant (distributional 
range, plant chemistry, morphology and phenology) and 
the pre-adaptations of the insect fauna (Strong et al. 1984 ). 
Thus, the colonization of aliens by native phytophages may 
vary considerably. Certain aliens, e.g. Opuntia cacti in 
southern Africa, have recruited not even one African insect 

species, although they have been present in South Africa 
for 250 yr (Moran 1980). Other aliens, e.g. crops like cacao 
or sugarcane assembled a diverse fauna within a few years 
(Strong et al. 1977). 

Plants which invaded Europe prior to 1500 AD with the 
spread of farming are called archaeophytes, whereas neo
phytes are defined as recent invaders since the discovery of 
America ( 1500 AD). For the purpose of the present study, we 
define alien plants as all species that have been spread by 
man, combining archaeophytes and neophytes. In our study 
we compare species richness and composition of phytopha
gous insect communities on alien versus indigenous trees 
and herbs in Europe. Species which reached Central Europe 
without human influences are indigenous or native species. 

Methods 

Trees 
We extracted data from published studies (a list is avail

able on request) about phytophages of 25 indigenous and 
six alien tree genera occurring in Germany. We investi
gated the same insect taxa ( orders and families) as Kennedy 
& Southwood (1984) in their study about the richness of 
phytophagous communities on trees in Great Britain. Simi
larly to Kennedy & Southwood, we defined tree genera in 
Germany as alien if they have been introduced by man 
since the Roman empire. To explain the variation in species 
richness of insect communities between alien tree genera, 
we compiled a set of independent variables: (I) host pres
ence (time span a tree has been present in Germany; after 
Kowarik 1992) (2) host distribution on a biogeographic 
scale (native geographic range of the tree genus across the 
Palearctic realm after Meusel & Jager 1992; number of 50 
km x 50km grids) and (3) taxonomic isolation of the host 
(total number of tree species within the genus). 

Brassicaceae 
The data about phytophagous insects on Brassicaceae 

(all herbaceous species) were extracted from a study per
formed in Poland, covering 139 plant species within 56 
genera (Lipa et al. 1977). Here we classify plants as indi
genous, archaeophytic or neophytic as listed in Frank & 
Klotz ( 1990). As an additional category we call plants not 
occurring naturally in Poland but grown by Lipa et al. for 
the purpose of their study as 'planted species'. We com
pared the species richness of 29 phytophagous insect fami
lies feeding on indigenous and neophytic host plant species. 

Results 

Compared to native tree genera, insect communities on 
alien trees are impoverished (Fig. I a; t-test of log-trans
formed data: p<0.001 ). In contrast, the richness of phyto
phages on Brassicaceae shows no consistent decrease from 
indigenous to 'planted species' (Fig. I b ). Surprisingly, 
species richness on 'planted species' is even larger com
pared to the three other categories (ANOVA with sub
sequent multiple comparison test by least significant 
difference, p < 0.01 ). 
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Fig. 1. Comparison of species richness of phytophagous in
sects on alien (white bars) and native (shaded bars) trees and 
Brassicaceae. a. Frequency distribution of species richness 
compiled from the literature of six alien and 25 native tree 
genera in Germany. b. Mean species richness of insects (cor
rected for sampling effort; see Frenzel & Brand 1998) on 
Brassicaceae in Poland; ind= indigenous plants (n = 30), arch 
= archaeophytes (n = 12), neo = neophytes (11 = 16) and 
planted = planted species (11 = 46). Error bars give standard 
deviations. 

Species richness on alien tree genera is well correlated with 
the time span since introduction to Germany (Table I, Fig. 
2a). In contrast, host distribution and taxonomic isolation 
have no influence on species richness of phytophages 
(Table I). However, because of the small sample size our 
analysis is not very powerful. The correlation between 
species richness and time of host presence is not apparent 
in the data of Kennedy & Southwood ( 1984) for insects on 
alien trees in Great Britain (Fig. 2b). 

Species composition of phytophages on tree genera and 
species of Brassicaceae was compared by correlating the 
mean species richness of phytophagous taxa (insect orders 
and families on trees, insect families on species of 
Brassicaceae) across native versus alien taxa. For both trees 
and Brassicaceae, we found a significant correlation (Fig. 
3a, b). However, the explained variance is much lower in 
trees than in Brassicaceae (p = 0.03). The high correlation 
in the Brassicaceae with a regression slope of about one 
(reduced major axis slope= 0.91; 95% confidence interval 
of slope = 0.79-1.05) indicates that the fauna on alien 
Brassicaceae is a representative sample of the fauna on 
native Brassicaceae. 

Discussion 

There are several general hypotheses to explain varia
tions of phytophagous species richness between host plants 
(Strong et al. 1984). In decreasing order of importance 

Table 1. Alien tree genera in Germany. Coefficients of deter
mination (r2) for the correlation between host presence, host 
distribution and taxonomic isolation of alien tree genera and 
insect richness. Significant results (two-tailed) in bold. 

Parameter Transformation fl ,2 p 

Host presence Log 6 0.73 0.029 
Host distribution Arcsine 6 0.00 >0.3 
Taxonomic isolation Log 6 0.03 > 0.3 
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Fig 2. a. Species richness of phytophages on alien tree genera 
versus time of presence in Germany (r2 = 0.73, p = 0.029). b. 
The same plot with species richness of insect communities on 
alien trees in Great Britain (r2 = 0.01; p = 0.79; data from 
Kennedy & Southwood 1984). 

these are (I) the species-area relationship, (2) the time of 
presence of a host in an area (host age hypothesis), (3) the 
leaf anatomy, (4) the taxonomic isolation, and (5) the plant 
architecture. In case of the tree data we were able to test the 
species-area relationship, host age and taxonomic isolation 
and we found clear support for the host age hypothesis 
(Birks 1983): the richness of insects feeding on alien hosts 
increases with the time since introduction. However, the 
data of Britain show that this pattern is not consistent 
across Europe, which suggests that the colonization proc
ess is triggered by a set of factors that vary with geography. 
Besides time, the colonization of trees may depend on pre
adaptations within the species pool of native insects. Host 
switches between closely related tree species are more 
likely since congeneric species contain similar plant sec
ondary components (Strong et al. 1984). In Britain the alien 
species Acer pseudo-platanus has a close native relative, 
Acer campestre. This may explain the exceptionally high 
number of phytophagous insect species recorded on the 
alien Acer species (Fig. 2b). 

In contrast to trees, the host age hypothesis does not explain 
the species richness on alien Brassicaceae: there is no de
crease in species richness from natives to 'planted species'. 
The biological background for the rapid colonization of 
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Fig. 3. Correlation of mean species richness of phytophagous 
taxa on native \'ersus a. alien tree genera - log(x+ I) transformed 
data; r2 = 0.52; p = 0.002) and b. alien species of Brassicaceae 
- log(x+ I) transformed data; r2 = 0.88; p < 0.000 I. 
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alien Brassicaceae may be similar to that responsible for 
the richness of phytophages on Acer pseudo-platanus in 
Great Britain. Glucosinolates are secondary compounds 
characteristic ofBrassicaceae and widely distributed among 
this family. Insect species adapted to glucosinolates may 
easily shift not only between host plant species, but even 
between genera (Frenzel & Brandl 1997). Thus, the coloni
zation process of alien Brassicaceae is triggered by pre
adaptations within the available pool. This hypothesis also 
explains the differences in the correlation pattern of the 
taxonomic composition of the insect faunas on alien and 
native hosts between trees and Brassicaceae (Fig. 3). 

In conclusion, our preliminary analysis shows that the 
accumulation of insects on alien hosts is moulded by the 
same factors as phytophagous communities on native plants. 
Our results clearly show that the ecological processes 
associated with the invasion of aliens are not specific to 
them. Thus, the conception of threats caused by invasions 
of aliens depends mainly on the human perspective. 
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Abstract. A matrix of 252 rel eves representing five associations 
of Quercus pvrenaica forests in central Spain was analysed for 
effects of disturbance on floristic patterns within these wood
land communities. Two data matrices were constructed: (A) 
including releves with a large share of characteristic Querco
Fagetea species; (B) remaining releves. These matrices were 
analysed by means of multivariate and univariate statistical 
methods. Higher homogeneity, in terms of number of species, 
and a lower number of invasive plants were found in sub-matrix 
A representing well-developed forests. Disturbance in the canopy 
layer may affect the herb layer composition, which can become 
invaded by species from other communities (Prunetalia spinosae 
and Festucetea indigestae). In the case of the Arhuto-Quercetum 
pyrenaicae, typical of the Mesomediterranean Belt, they were 
separated in the second sub-matrix, probably because the asso
ciation was described taking into account species that appear 
when the canopy layer is more open. 

Keywords: Canonical CoJTespondence Analysis; Classifica
tion: Disturbance; Phytosociology; Species richness. 

Introduction 

Quercus pyrenaica forests in central Spain occur at me
dium and low altitudes, most frequently in the Supra
mediteJTanean Belt. Usually, these forests have been used for 
several purposes, to extract wood for heating, grazing by 
domestic animals, meadow management for winter fodder 
and even conversion to conifer stands. This extensive man
agement is different within a geographical area, mainly due 
to different forms of land ownership. Consequently, today it 
is difficult to find good examples of mature forests. 

Most vegetation studies on these forests have been made 
from a phytosociological perspective (Rivas-Martfnez et 
al. 1991 ), and in central Spain five associations have been 
described (Table I). Thus many rel eves are available, and 
our main purpose was to ascertain the level of difference in 
the floristic composition between five forest communities 
in relation to disturbance. To achieve this we have con
structed two matrices, one with releves that represent well
developed, mature forest (A), and another one (B) repre
senting perturbed forests. 
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Material and Methods 

We collected 252 - both own and published- phyto
sociological releves (Table 1) and analysed these by calcu
lating the total number of species and the share of the 
Querco-Faf?etea. Pruneta/ia spinosae and Ori[?anetalia vul
garis species in every relevc. Although the orders Prunetalia 
and Origanetalia are considered to belong to the Querco
Fagetea, we preferred to treat them separately, since they are 
considered secondary successional communities (in the case 
of Pruneta/ia) or forest fringe communities (in the case of 
Origanetalia). The whole data set was divided into two sub
matrices considering the richness in typical forest plants 
(those of Querco-Fa[ietea) as a characteristic of a mature 
forest. Thus sub-matrix A included releves that have at least 
20 species and 40'.7, of Querco-Fa[?etea elements if present 
in the eastern part of the territory (SieJTas de Ayll6n y 
GuadaJTama and surroundings regions) or at least 30'k if 
found in the western part. This lower level chosen in western 
teJTitories is due to the generally lower richness in Querco
Fagetea clements of the mature forests. These levels have 
been chosen following our experience in such communities in 
these regions (Ga vi Ian 1994 ). Finally, the releves without such 
characteristics were included in sub-matrix 8. The two sub
matrices comprised 72 (A) and 180 releves (B), respectively. 

The total matrix was firstly analysed by Principal Com
ponent Analysis. Then the two first axes were submitted to 
a Kolmogorov-Smirnov test (Sokal & Rohlf 1995) in order 
to check the homogeneity of the releve distributions. This 
resulted in a significance (2-tailed test; P=0.0037) for the 
second axis. 

The remaining tests were applied to the two sub-matrices 
separately following a two-step approach. First, we carried 
out a classification by means of a Hierarchical Clustering 
using minimum variance - which minimizes the sum of 
squared distances to the cluster centroids, forming com
pact. circular clusters (Lapointe & Legendre 1994). The 
Similarity Ratio was used as a resemblance measure. Spe
cies values were standardized by their range in order to 
give equal weight to the species (Podani 1994). 

Subsequently, the classification scheme was revised by a 
constrained ordination approach. This last step led to an 
environmental interpretation of the floristic variability, 
which underline the hierarchical classes. In order to search 
such environmental trends we conducted a Canonical Cor
respondence Analysis (CCA; ter Braak & Smilauer 1998). 

Table I. List of associations of Quercus pvrenaica forests in 
central Spain (Rivas-Martfnez 1987). Alt: altitudinal range (m); 
(N= north; S = South; E = East W = West; BB: bioclimatic belt 
(MM: Mesomediterranean; SM: Supramediterranean). 

F(lfCsts Ahhr Alt Exposure BB 

Arhu/(J unedfmis-Quen·etum pyffnaicae AQp 450-800 s.w MM 
Geni\"fr>fl/h·atae-Quercetum pyrnwi('(U' GQp 700-1000 N.W SM 
H(>h·(J nu,/li.\-Quercetum pyrenah·oe HQp 900-1050 N/S. W SM 
Lu;.u{t>fr>rsttri-Quercctum fJ.\Tenah·ae LQp 9(IO-IJOO N/S. E SM 
Fe..-tu<·r, heterr,phylloe-Querc·efum pyrenai<·ae FQp 1500 N.E SM 
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An environmental matrix was compiled using the available 
information included in the original tables. These variables 
were altitude, inclination, exposure, area, cover, number of 
species and location expressed into two numerical vari
ables, longitude and latitude. 

Results 

Frequency analysis (Figs. I a, b) showed a wider range of 
the number of species in sub-matrix B (48) than in A (28). 
The maximum is also much higher: 47 in sub-matrix A and 
59 in sub-matrix B, the average is lower: 30 in sub-matrix 
A and 26 in B, and the variance is much higher: 40 in A and 
92 in B, indicating a lower homogeneity of sub-matrix B. 

When the composition of plants in each sub-matrix is 
analysed (Fig. 2a, b), sub-matrix A has a larger proportion 
of species belonging to the Querco-Fagetea (Prunetalia 
and Origanetalia included), but also a larger proportion of 
Quercetea ilicis species. However, invasive plants from 
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Fig. 1. Frequency distribution of species number per releve in 
matrix A (a) and matrix B (b). 

prames and nitrophilous perennial vegetation (Molinio
Arrhenatheretea and Artemisietea vulgaris, respectively) 
are quite similar. The higher presence of species belonging 
to Mediterranean perennial pastures of the Festucetea 
indigestae (Jasiono-Koeleretalia, Hieracio-Plantaginion 
radicatae) in sub-matrix B is important. 

The classification of sub-matrix A showed six groups of 
releves that approximately matched the associations and 
biogeographic units described for the territory (Rivas
Martfnez 1987). The two main branches of the dendrogram 
separated the eastern associations (FQp and LQp, from the 
western ones (HQp, GQp, AQp: see Table 1 for abbrevia-
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Fig. 3. Percentage of some species dif
ferentiating sub-matrix A ( 1) and sub
matrix B (2). a. Querco-Fagetea (includ
ing Origanetalia); b. Prunetalia; c. per
ennial pastures (Molinio-A rrhenathe
retea; Artemisietea vulgaris and Festu
cetea indigestae); d. Quercetea ilicis. 
Quer pyre = Quercus pyrenaica; Aren 
mont = Arenaria montana; Brae sylv = 
Brachypodium sylvaticum; Fest rubr = 
F estuca rubra group; Geum sylv = Geum 
.1ylvaticum; Ste! holo = Stellaria holostea; 
Rosa pouz = Rosa pou::,inii; Rosa cory = 
R. corymbosa; Rosa cani = R. canina; 
Crat mono= Crataegus monogyna; Fest 
cost= Festuca costei; Hole Jana= Hole us 
lanatus; Stip giga = Stipa gigantea; Arrh 
albu = Arrhenatherum album; Fest eleg 
= Festuca e/egans; Agro cast= Agrostis 
castellana; Vibu tinu = Viburnum tinus; 
Aspa acut =Asparagus acutifolius; Arbu 
uned = Arbutus unedo; Ruse acul = 
Ruscus aculeatus; Rubi pere = Rubia 
peregrina; Care dist= Carex distachya. 
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tions). It is interesting to note that AQp releves are hardly 
separated from the others; they are usually characterized by 
the presence of a group of sclerophyllous Mesomedi
terranean Quercetea ilicis species, such as Asparagus 
acutifolius, Rubia peregrina, Viburnum tinus and Ruscus 
aculeatus, that not appear in other associations of 
Supramediterranean distribution. 

In sub-matrix B no separation of groups following a 
biogeographical or phytosociological pattern was detected, 
probably due to the higher presence of plants from other 
communities like Molinio-Arrhenatheretea, Artemisietea 
vulgaris and other syntaxa. In contrast with sub-matrix A, 
there is a group well characterized floristically by 
sclerophyllous elements of the Quercetea ilicis (AQp). as 
mentioned above. 

The CCA of both matrices was highly significant (P< 
0.001) as indicated by a Monte Carlo test (250 repetitions) 
in which the trace was used to build the F-ratio statistic. The 
ordination results for the two data sets are similar. The 
correlation of environmental variables with the axes is simi
lar as well (Table 2). There are some differences however 
since sub-matrix B produces lower correlation values than 
A, particularly for the second axis. Altitude is the best 
correlated environmental variable with the first axis. In sub
matrix A, except exposure and number of species, the other 
variables reach correlation values over 50%, either positive 
or negative. In sub-matrix B, only latitude and inclination 

reach this value. The higher correlation of cover and area in 
sub-matrix A can be related to the more homogeneous tloristic 
composition of the releves. The second axis is related to 
inclination, area, longitude and latitude in sub-matrix A, 
while number of species and latitude are the only variables 
with correlation over 0.40 in sub-matrix B. 

From a biogeographical point of view, the ordination of 
sub-matrix B is clearer than that of A, but in both cases the 
group of releves with a Luso-Extremadurense position 
(Arbuto unedonis-Quercetum pyrenaicae) remains sepa
rated in the most positive part of the axes, clarifying the 
former classification in sub-matrix A. 

Table 2. Eigenvalues and inter-set correlations of environ
mental variables with the first two CCA axes in sub-matrices A 
and B. 

A-CCAI A-CCA2 B-CCAI B-CCA2 

Eigenvalues 0329 0.181 0.385 0.199 
Altitude -912 -27 -888 -186 
Inclination -521 618 -554 294 
Aspect 61 138 52 297 
Cover -593 43 -446 -339 
Arca -510 535 -368 -196 
No. of species 206 -62 34 -522 
Longitude -528 487 -186 333 
Latitude -525 588 -655 409 
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Discussion 

The effect of disturbance in deciduous forest from cen
tral Spain could be understood in terms of species richness 
in a similar way as in other studies (Vetaas 1997). Follow
ing the classical view of richness and disturbance (Odum 
1971; Rao et al. 1990), sub-matrix A appeared to be slightly 
richer as to mean number of species than B. It is well
known that disturbance may increase species richness 
(Connell 1978; Petraits et al. 1989). Some releves of sub
matrix B show the highest number of species, the range in 
number of species being much higher than in A. 

Disturbance has also been related to stability (van der 
Maarel 1993); sub-matrix B showed less stability since the 
number of species per releve is more variable. Besides, the 
number of species is highly correlated with the second 
CCA axis of sub-matrix B, separating releves with higher 
richness. This can be understood as a measure of instability 
within that sub-matrix. 

Disturbance is frequently caused by the partial or total 
substitution of the natural canopy of Quercus pyrenaica by 
stands of Pinus sylvestris or P. pinaster (depending on the 
altitude). These types of deciduous forest are light-depend
ent communities (Kobe et al. 1995; Walters & Reich 1996). 
Any management of the canopy layer modifies the light 
pattern and the floristic composition of the herb layer (Fig. 
3a), such that it is invaded by other species from communi
ties of Prunetalia spinosae (see Crataegus monogyna in 
Fig. 3b) or Festucctea indigestae (Fig. 3c). 

The CCA ordination showed better correlation with en
vironmental variables in sub-matrix A. The higher correla
tion ofaltitude, longitude and latitude with the first axis can 
be related to an east-west geographical gradient - the 
Sistema Central mountains range from higher altitudes in 
the eastern part to lower in the western areas. Likewise the 
high correlation of inclination together with longitude and 
latitude in the second axis could be related to the higher 
average altitude of the northern plateau with respect to the 
southern, i.e. a north-south geographical gradient (Gavilan 
& Fernandez-Gonzalez 1997). 

From a purely phytosociological point of view, classifi
cation showed the necessity of floristically good sets of 
samples for ascribing releves to a particular association. 
Classification remains unclear in sub-matrix B, except for 
Arhuto 1111edonis-Quercetum pyrenaicae forests, which are 
better separated in B. The lack of separation in sub-matrix 
A is due to the absence of species from the Quercetea i/icis 
(Fig. 3d), usually differentiates this association. This ab
sence could be explained by a more developed canopy 
layer. Consequently, it means that some potential vegeta
tion types have been phytosociologically described taking 
into account the floristic composition of non well-devel
oped forests. 
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Abstract. An attempt to clarify the landscape structure of 
urban areas was carried out in the green belt around Seoul, 
Korea's capital. By means of aerial photographs and a field 
survey, a vegetation map including the land-use pattern was 
made. With this vegetation map and the phytosociological 
survey the landscape structure was described. Landscape ele
ments identified were: (I) Secondary forest, (2) Agricultural 
field, (3) Introduced plantation, and ( 4) Other elements includ
ing urbanized area, graveyard, and bare rock. Secondary forest 
was composed of Quercus mongolica, Q. variabi!is, Q. 
acutissima, Q. aliena, Pinus densijlora, and Ahrns japonica 
communities. Plantation was composed of Robinia pseudo
arncia, Populus tomentiglandulosa, P. rigida, Larix lepto/epis, 
Pinus koraiensis and Castanea crenata. Patches near to hu
man settlements located in the lower zones of the mountains 
were fragmented and small but they became larger towards the 
higher mountain zones. Mt. Cheonggye having fewer patches 
shows anthropogenic disturbance of lower intensity than that 
of the other two mountains. On the other hand, in the case of 
Mt. Acha, patches due to geomorphologic conditions such as 
bare rock and steep slope were added to the vegetation patch. 
while characteristics of parent rock less susceptible to human 
impact mitigated differentiation of patch. In floristic composi
tion of Q. mongolirn community distributing in the upper part 
of each mountain, that of Mt. Cheonggye, in which artificial 
interference is rare, showed a difference with those of study 
areas different in parent rock and disturbance regime. But that 
of R. pseudoacacia community located in lower area of moun
tain. in which artificial interference is frequent was similar to 
each other. 

Keywords: Anthropogenic disturbance; Landscape ecology; 
Urban forest; Vegetation type. 

Introduction 

Forests around urban areas have been utilized as loca
tions for obtaining timber, fuel, organic fertilizer, and feed 
of livestock as well as land-use of diverse types. Hence, 
even though a forest was recognized as homogeneous by 
aerial photographs, its internal structure appeared to be 
heterogeneous due to human interference (Kiichler & 
Zonneveld 1988; Nakagoshi & Rim 1988; Nakagoshi et al. 
1992). 

From a landscape ecology viewpoint, a study of urban 
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forest could be contribute to understanding the cultural 
landscape. Moreover, urban forest is not only important 
because of its species-richness (Hudson 1991; Saunders & 
Hobbs 1991; Spellerberg et al. 1991 ), but also because it 
forms a buffer against influences from the urbanized areas 
(Bradley 1995). Furthermore, urban forest is important for 
recreation (Adams & Dove 1989; Bradley 1995). 

In this paper, we describe the distribution of landscape 
elements in urban area of Seoul, the capital of the Republic 
of Korea (Fig. 1 ). Secondly, we compare the landscape 
structure in terms of kinds, numbers, and sizes of patches in 
the landscape, and discussed the characteristics of anthro
pogenic disturbance causing the structural differences in 
these landscapes. Finally, we compared landscape quality 
regarding species composition in relation to parent rock 
and disturbance regime. 

Methods 

Boundaries of landscape elements divided by vegetation 
structure and land-use patterns were certified by aerial 
photographs. In the present study, monochrome aerial pho
tographs (scales 1 :5000 and I :7000) taken in the winter of 
1996 were used for recognizing vegetation types and land
scape boundaries. The landscape attributes recognized by 
aerial photographs were overlapped on topographic maps 
scale I :25000. The smallest area of each patch (or land
scape element) is 25 m x 25 m. Smaller patches were 
neglected. because their size and shape would be uncertain 
on a topographic map at scale I :25000 (Nakagoshi et al. 
1992). Vegetation mapping and analysis of the map were 
completed by use of Geographic Information System (GIS) 
supported by ArcView (ESRI 1996). Vegetation patches 
and other land-use patterns identified as landscape ele
ments by aerial photography were confirmed by field sur
vey and phytosociological analysis (Braun-Blanquet 1964; 
Mueller-Dombois & Ellenberg 1974 ). To compare land
scape elements under different disturbance regimes and 
natural conditions, Detrended Correspondence Analysis 
(DCA; Hill 1979) was applied. Species scores were trans
formed into percent cover values. In the Quercus mongolica
and Robinia pseudoacacia communities, which are domi
nant elements in secondary forests and plantations, respec
tively, only species with a frequency~ 10% were included. 

Numbers and areas of landscape patches were deter
mined using GIS. 

Results and Discussion 

Characteristics of the landscape structure in the study area 
The landscape element types identified from the vegeta

tion map are summarized in Table 1. Landscape element 
types of Mt. Cheonggye were identified as secondary for
est elements derived from natural succession, introduced 
elements for rehabilitation of degraded forest ecosystems, 
agricultural elements, graveyards, and others including 
urbanized areas, graves, and bare rock (Table I). 

Secondary forests included Q. mongo!ica, Q. l'llriabilis, 
Q. acutissima, Q. aliena and Pinus dens(flora communities. 
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The dominant landscape elements among them were the Q. 
mongolica community and Q. acutissima community in 
uplands and lowlands, respectively. The Q. acutissima 
community is a typical secondary forest element estab
lished near human settlements in Korea (Lee 1998). It is an 
essential landscape element in the typical rural landscape 
pattern of Korea (Lee 1998). Q. mongolica is a typical late 
successional species linked to the climatic climax forest in 
Korea. Q. mongolica forest is considered a climax forest 
(Lee 1997). 

Introduced landscape elements were composed of Robinia 
pseudoacacia, Populus tomentiglandulosa, Pinus rigida, 
Larix leptolepis and Castanea crenata. The dominant ele
ment here was Robinia pseudoacacia plantation. R. 
pseudoacacia was introduced in Korea from North America 
for the rehabilitation of devastated forest in the late 19th 
century. It is an early successional Jeguminous species. 

Agricultural elements include croplands and paddy fields. 
Urbanized areas were restricted on the lower parts of the 
mountainous area. Graveyards also appeared as a specific 
landscape element even though their area is small. 

The landscape element types on Mt. Daemo had a distri
bution pattern similar to those in the Mt. Cheonggye area, 
but the Alnusjaponica community and bare rock occurred 
only on Mt. Daemo while the Q. aliena community was 
absent there. 

Mt. Acha differed from the other two areas. Here a large 
public cemetery occurred and the P densijlora community 
was widely distributed because of the extent of shallow 
coarse soil, typical of areas with granite bedrock . 

In addition, Q. variabilis and Q. aliena secondary forest 
communities and the introduced Populus tomentiglandulosa 
community were not found on Mt. Acha. On the other 
hand, pear orchards were common. This is related to the 
history of Seoul, which had been the Capital of the Chosun 
Dynasty from 1392 to 1945 and was maintained as the 
Capital of Korea after 1945 (Fig. I). Post-war urbanization 
proceeded mainly towards the south of the centre of Seoul. 
Especially since the 1970s there was a rapid expansion. 
Large areas of pear orchard located on hillocks and low
lands bordering the mountains were urbanized (Fig. I). 

The number and size of patches 
The total number of patches was highest on Mt. 

Cheonggye. The number of patches and total area of the 
three mountains was positively correlated, but the number 
of patches per unit area was correlated negatively with total 
area. In other words, the number of patches per unit area in 
the smal Jer Mt. Dae mo area was larger than that of the other 
two mountains with a Jargere area. 

In the Mt. Cheonggye area the total number of patches 
was highest in the category introduced elements. On Mt. 
Daemo and Mt. Cheonggye the total number of patches of 
introduced elements was highest, with a larger exent of 
agricultural elements in the latter area. On Mt. Acha there 
were more secondary forest elements. Plantation of many 
small patches became an important cause of landscape 
fragmentation in all three areas. Other elements, agricul
tural elements and secondary forest elements contributed 
to further landscape fragmentation on Mt. Cheongge, Mt. 

Table 1. The configuration of landscape elements identified from vegetation maps of three mountains. N = Nr of patches. 

Landscape clement type Mt. Chconggye Ml. Daemo Ml. Acha 

N Area N/IOOOha N Area N/IOOOha N Area N/IOOOha 

Secondary forest elements 
Pinus Jensf/1ora 17 (5.7) 131.3 (2.9) 129.5 3 (1.2) 12.8 ( 1.0) 235.3 10 17.9) 218.1 ( 16.1) 45.9 
Quercus numgolica 5 ( 1.7) 1684.3 (37.9) 3.0 3 ( 1.2) 97.2 (7.5) 30.9 6 (4.7) 58.0 14.3) 103.4 
Q. mriahilis 4 ( 13) 441.9 1376) 9.1 2 (0.8) 38.7 (3_0) 51.7 
Q. aliena I (0.3) 1.2 (0.0) 847.5 
Q. acutissima 27 19 I) 412.7 (9.2) 65.4 24 19.8) 268.4 (20.6) 89.4 20 I 15.8) 72.1 (5.3) 277.5 
A/11us.faponica I (0.4) 2.3 (0.2) 431.0 I (0.8) 1.0 (0.1) 1030.9 
Subtotal 54 I 18.1) 2671.3 (59.6) 20.2 32 I 13.4) 419.3 (32.1) 76.3 37 (29 2) 349. I 125.7) 106.0 

Introduced elements 
Pinus rigida 16 (5.4) 100.4 (2.2) 159.3 60 (24.4) 139.3 I 10.7) 430.6 4 (3.1) 99.7 (7.4) 40.1 
Pinus koraie11sis 8 (2.7) 16.5 (0.4) 485.4 II 14.5) 6.3 (0.5) 1751.6 7 (5.5) 13.3 (1.0) 525.9 
Rohinia pxeuJoacacia 35 l 11.8) 439.6 (9.8) 79.6 40 (16.2) 202.9 ( 15.5) 187.1 21 (16.5) 343.2 1253) 61.2 
P<,pulu., tonu.'ntiglmulu!rJSll 14 (4.7) 22.7 (0.5) 617.3 17 16.9) 49.9 13.8) 340.5 
Larix leptoltpsis 16 (5.4) 69.8 I 1.6) 229.2 3 (1.2) 6.9 (0.5) 435.4 2 (1.6) 53 (0.4) 380.9 
Castanea crenara 15 15.0) 169.3 (3.8) 88.6 6 (2.4) 4.1 (0.3) 1467.0 5 (3.9) 51.8 (3.8) 96.6 
Subtotal 104 (35.0) 818.3 118.3) 110.0 1.17 (55.6) 409.5 131.4) 334.6 39 (30.6) 513.2 137.8) 76.0 

Agricultural element~ 
Orchard 9 (7.1) 50.4 (3.7) 178.6 
Crop land 9 (3.1) 34.2 10.8) 263.2 II (4.5) 95.4 (7 3) 115.3 
Paddy field 27 (9.1 I 493.2 (0.8) 54.7 24 (9 8) 86.2 (66) 278.5 2 (1.6) 9.6 (0.7) 207.7 

Subtotal 36 112.1 I 527.4 (11.8) 68.3 35 ( 143) 181.6 I 13.9) 192.7 II (8 7) 60.0 (4.4) 18.3 

Other elements 
Graveyard 9 (3.1) 11.3 (0.3) 799.3 15 (6.1) 10.8 (0.8) 1394.0 2 (1.6) 172.0 ( 12 7) 11.6 

Urbanized area 58 I 19.5) 449.4 ( 10.0) 129.1 23 (9.4) 282.4 (21.6) 81.4 17 ( 13.4) 233.3 I 17.2) 72.9 

Bare rock 3 (1.2) 2.4 (0.2) 1265.8 21 I 16.51 29.2 (2.2) 719.4 

Subtotal 67 (22.6) 460.7 (10.3) 145.4 41 (16.7) 295.6 (22.6) 138.7 40 (31.5) 434.5 I 32.0) 92.1 

Total 297 (100) 4477.6 (100) 58.3 246 (100) 1305.9 (100) 188.4 127 (100) 1356.8 (100) 93.6 

The value in parenthe:-is b, percentage of number and :-.iLe of patch. 
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Fig. 1. Changes in the extent of the Seoul Metropolitan area 
and location of study sites. 

Daemo and Mt. Acha, respectively. Even though Mt. Acha 
is visited by many people, this has not led to landscape 
fragmentation. On the other hand, the appearance of bare 
rock fragments contributed to the landscape fragmentation 
on Mt. Acha. Landscape patches located in the upland of 
the mountains were largely related to bare rock (16.5%). 
The number of patches also reflects the occurrence of 
vegetation boundaries caused by topographical and geo
logical features (Zonneveld 1995 ). However. in the case of 
Mt. Cheonggye and Mt. Daemo there was no or only a little 
fragmentation by bare rock. The gneiss bedrock on Mts. 
Cheonggye and Daemo shows a relatively rapid weathering 
and is composed of finer particles as compared with granite, 
and hence it leads to a larger soil depth and fine soil. which is 
favourable for plant growth (Lee & Kim 1987). On the other 
hand, such soil conditions are more susceptible to human 
disturbance. Many landscape patches of Mt. Daemo actually 
reflect severe anthropogenic disturbance. Although many 
people visit Mt. Acha, this area has better adapted soil 
conditions, related to the granite bedrock. 
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Fig 2. Ordination of stands of the Quercus mongolirn and 
Robinia pseudoacacia communities on the three mountains. 

The number of landscape patches decreased toward the 
top of the mountains. while most patches, including patches 
of introduced elements such as plantations, were concen
trated around the urbanized and agricultural areas. which are 
located in the lowlands. 

Flori.l"!ic composition of the study areas 
The stand ordination of Q. mongolica community, the 

dominant secondary forest element, showed that stands 
along axis I were arranged in the order Mt. Cheonggye, 
Mt. Daemo, Mt. Acha (Fig. 2). This arrangement is related 
to the soil characteristics. Differences in tloristic composi
tion between Mt. Cheonggye and Mt. Daemo can be 
related to differences in human interference. Mt. Cheonggye 
is farther away from the principal residential area, in which 
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apartment complexes are concentrated (see Fig. 1 ). More
over, Mt. Cheonggye is larger in area and higher in eleva
tion (Table 1 ). 

The main habitat of the R. pseudoacacia community is 
found at the mountain foot. Therefore, sites of this commu
nity would be under severe human impact on all three 
mountains and this might contribute to the fact that R. 
pseudoacacia stands on the three mountains have a similar 
tloristic composition. 

Effects of anthropogenic disturbance on urban landscape 
pattern 

On Mt. Cheonggye introduced elements hardly appeared 
within the matrix of secondary forest, which is different 
from the situation in the other two mountains. The distribu
tion pattern of landscape element types on Mt. Daemo was 
similar to that of Mt. Cheonggye. But patches of introduced 
elements frequently appeared in the matrix of secondary 
forest. In addition, introduced elements, especially R. 
pseudoacacia and P. rigida plantations, which were re
stricted to lowland sites in the Mt. Cheonggye area, were 
also distributed above mid-slope. 

The distribution pattern of landscape element types on 
Mt. Acha was similar to that in the other two mountain 
areas. but the dominant element in secondary forest was the 
P. densiflora community. On the other hand, the distribu
tion pattern of landscape clement types on Mt. Acha was 
similar to that of Mt. Daemo regarding introduced ele
ments, especially patches of R. pseudoacacia and P. rigida 
plantations appearing above mid-slope. Such a similarity 
can be related to the fact that both Mt. Daemo and Mt Acha 
are located more closely to the principal residential area, 
and are smaller in size and lower in elevation as compared 
with Mt. Chconggye. 
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Abstract. Plant community responses to fertilization were 
studied in a tussock grassland in Canterbury, New Zealand. 
The objective of this paper is to determine whether there are 
different responses of the exotic and native species to the 
fertilization. The vegetation at the study site initially had a 
uniform cover primarily of native species, with a minor com
ponent of exotic species. An experiment with sown legumes 
and a one-off fertilizer application (P and S) of various levels 
was established in 1979. 13 yr later a strong inorganic P
gradient was still found in the soil, corresponding to the 
phosphate application rates. Species richness decreased along 
the gradient mainly due to a decrease of native species. Exotic 
species richness showed no trend along the P-gradient. The 
native grasses, Festuca novae-::.elandiae and Poa colensoi. 
were abundant at low P-levels but decreased from I 00 kg P/ha. 
P. colensoi mostly disappeared at 400 kg P/ha. Agrostis 
capillaris and Poa pratensis (both exotic) had the reverse 
pattern; they increased greatly at I 00 and 200 kg P/ha respec
tively. Fertilizer applications to counteract nutrient losses in 
tussock grasslands need to be used carefully if a management 
goal is to maintain the native components of the community. 

Keywords: Field experiment; Native grassland; Phosphate; 
Species richness; Tussock grassland; Vegetation structure. 

Introduction 

Tussock grasslands are the native grasslands of New 
Zealand and they cover large areas of the South Island 
montane zone. These grasslands have been greatly affected 
by humans (Wardle 1991 ). Their distribution expanded 
after Maoris arrived in New Zealand ca. I 000 yr ago and 
cleared large areas of the forest. Another wave of destruction 
came when Europeans arrived with their livestock last cen
tury and large areas of these grasslands were burnt and 
grazed. There are indications that pastoralism during the last 
150 yr has resulted in less fertile systems (McIntosh 1997). 

In recent decades, there has been an attempt to increase 
the productivity of some of these grasslands, especially 
short tussock grasslands that grow at lower elevation. The 
main technique has been to improve the soil nutrient status 
by introducing legumes and applying phosphate fertilizer 
to promote legume growth (Douglas & Allan 1992). Much 
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work has been done to assess the performance of legumes 
and a few palatable species (e.g. Scott et al. 1990; Davis 
1991 ). while the impact on the whole ecosystem has often 
been neglected. Old field experiments offer an opportunity 
to assess such impact. In this paper. an old field experi
ment, in which fertilizer had not been reapplied since its 
establishment 13 yr earlier, was studied to determine whether 
there were different long-term responses of the exotic and 
native species to fertilization of a short tussock grassland. 

Methods 

E'(perimental site 
The experiment site is situated in a short tussock grass

land in the South Island, New Zealand on 43° 38' S, 171 ° 07' 
E. Prior to experimentation, the site had initially a uniform 
vegetation with native species dominating (Festuca norne
::.elandiae the characteristic species), but some exotic spe
cies were present (Davis 1991 ). The elevation is 680m. and 
the annual precipitation is 880 mm. 

In 1979. the New Zealand Forest Research Institute set 
up the experiment, looking at the establishment of different 
legumes along a P-gradient (Davis 1991 ). The experiment 
used a two-factor split-plot design; nine different P-rates 
(from Oto 800 kg P/ha) were applied at the plot level, and 
nine different species of legumes, plus a control, at the 
subplot level. Basal fertilizer, with S, K and Mg, was 
applied to all plots. 

Data collection 
In each plot (2.3 m x 4 m). all species were recorded and 

their cover visually estimated. Six cover classes were used 
(<I%; I -5o/r; 6-25%: 26-50%: 51- 75%; 76-100%). 

Ten soil cores (25 mm diameter, 150 mm depth) were 
sampled from each plot. The soil cores from a plot were 
bulked together, air dried at 25 °C, and analysed for phos
phorus (P) (ignition technique; Blakemore et al. 1987), pH 
in water (Blakemore et al. 1987), and total nitrogen (N) and 
carbon (C) using a mass spectrometer (Europe Scientific 
Ltd, UK). 

Datll analysis 
Species richness was determined as number of species 

for each of three groups of species: native species, exotic 
species, and all species. ANO VA was used to determine the 
dependence of species richness on the legume and phos
phate treatments and their interactions. In this paper only 
the effects of the P-gradient are discussed. 

Individual species responses were studied using general
ized additive models (GAM: Hastie & Tibshirani 1990). 
Species cover data of two native grasses (Festuca novae
::.elandiae and Poa colensoi) and two exotic grasses (Poa 
pratensis and Agrostis capil1C1ris) were fitted to measured 
soil variables. These species represent well the patterns 
observed in the experiment. The variables were fitted in the 
order: inorganic P, total N, C:N ratio, and pH. Analyses 
were carried out using S-Plus version 3.2 (Anon. 1993). 
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Fig. 1. Species richness for native, exotic, and all species, 
13 yr after phosphate fertilizer was applied. Mean of re
corded species is shown for each P-rate. Error bars are SE. 

Results 

Total number of species decreased along the P-gradient 
(Fig. I). This trend was due to changes in the number of 
native species, they decreased as the applied P-rate was 
higher (Fig. I). The species richness of natives was 10 
species at the lowest rate of fertilizer ( 6.25 kg P/ha) and one 
species at the highest rate (800 kg P/ha). The number of 
exotic species was almost constant along the whole P
gradient (Fig. I; mean 5.5, s.d. == 0.53, n == 8). 

or the measured soil variables, inorganic P was the 
variable that was best explained by the initial P-treatments 
Ip< 0.00 I), i.e. a strong imposed P-gradient in the soil was 
still apparent 13 yr after the treatments were applied. 
Inorganic Pin the soil accounted for most of the explain
able variation for all four species (Table I, see change in 
deviance). The native tussock grasses, Festuca novae
::elandiae (Fig. 2A) and Poa co/ensoi (similar trend; data 
not shown), were abundant at low P-levels, but decreased 
along the P-gradient. Both grasses occurred as a minor 
component of the vegetation sward in plots which had 
received I 00 kg P/ha or more 13 yr before. The exotic 
grass, Poa pratensis occurred sparsely in plots at low P-
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Fig. 2. Species response for the native grass, Festuca 
novae-zelandiae (A), and the exotic grass, Poa pratensis 
(B), to inorganic soil P. The graph shows results of GAM 
models and the y-axis presents the deviance from the 
grand mean of species cover. 

levels, but became the main species at high P-levels (Fig. 
2B), dominating the sward. Agrostis capil/aris had the 
same pattern (data not shown), but increased its cover at 
lower P-rates than Poa pratensis and did not reach such 
high cover levels at the highest P-rates. 

Discussion 

The structure of the vegetation changed greatly along the 
imposed P-gradient. At low P-levels many species oc
curred (often with low cover levels), while only very few 
species of high cover levels occurred in the high P-level 
plots. This decrease in species richness, and increase in 

Table 1. Summary of generalized additive models (GAMs) for the two native grasses, Festuca novae-::.elandiae (Fes nov) and Poa 
co/ensoi (Poa col), and the two exotic grasses, Poa pratensis (Poa pra) and Agrostis capillaris (Agr cap). D dev = stepwise change 
in deviance with addition of a variable; PIX")= probability test using chi-square distribution(* p < 0.05; ** p < 0.01; *** p < 0.001; 
ns = not significant); inorg P = inorganic Pin the soil; N = total nitrogen in the soil; C:N = carbon:nitrogen ratio in the soil. 

Fes nm' Poa col Poa pra Agr cap 

Yariahlc D dev f'(X'l D dev f'(X'l D dev P<X'l D dev f'(X'l 

+ inorg P 7.u 140.7 404.6 112.4 

+N 4.5 8.4 n, 25.6 *~'* 0.0 ns 

+ C:N n 7.8 22.1 *';'* 20.2 

+ pH 0.4 n, 5.5 5.1 8.4 
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dominance by a few species. with increasing fertility is a 
widely known pattern (see review by di Tommaso & Aarssen 
1989). The pattern of the total species richness in the 
current study was driven by the native species while the 
number of exotic species was similar along the gradient. 
The higher nutrient status as a consequence of the fertiliza
tion created conditions more favourable to the exotic grasses 
than the native species originally dominating. Thus, com
petition is likely to play a role here in determining the 
species richness (e.g. Grime 1988; Tilman 1988) with the 
exotic species stronger competitors than the natives at 
higher fertility. However, seed availability in an area also 
contributes to which species invade experimental plots 
(e.g. Eriksson 1993). As the tussock grasslands are low 
nutrient systems (Wardle 1991) the seed source in the 
surrounding area was unlikely to be suitable for the plots 
with higher fertility. The few exotic grasses were the only 
successful species at those higher levels. 

In conclusion, decrease in species richness was due to a 
decrease of only native species that coincided with a change 
in the structure (cover dominance) of the vegetation. Con
sequently, fertilizer applications to counteract nutrient losses 
in these grasslands depend on the land use, and need to be 
used carefully if a management goal is to maintain the 
native components of the community. 
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Abstract. Patterns of structure and diversity are described 
from a chronosequence established in the Barro Colorado 
Nature Monument, Panama. The BCNM is a mosaic of sec
ondary forests reflecting two centuries of agriculture and the 
establishment of forest preserves. Structure and composition 
were studied in IO stands: two each had been farmed or 
pastured 20, 40. 70. and I 00 yr previously; two old-growth 
stands likely never had been farmed intensively. Data from 
BCNM are compared with those published by Saldarriaga et 
al. ( 1988) from an oligotrophic site on the upper Rio Negro, 
Venezuela. Changes in stand structure across the BCNM 
chronosequence are consistent with the four phase model of 
secondary succession (establishment, thinning, transition, 
steady state). Growth is rapid and stand basal area reaches old
growth values within 70- I 00 yr. In contrast, growth at Rio 
Negro is slow; only 2/3 of the total basal area characteristic of 
old-growth stands was established at 80 yr. Sapling densities 
in both sites decline with forest age, increasing somewhat in 
older stands of BCNM but remaining low at Rio Negro. In 
neither site does tree diversity increase asymptotically toward 
a maximum in old-growth forest or peak at intermediate stand 
ages. These data suggest that tropical forest successional pat
terns may not be influenced strongly by the dominance of a 
few pioneer specie, as often seems to be the case in temperate 
forest successions. but reflect the availability of a diverse, 
easily dispersed regeneration pool. 

Keywords: Panama; Secondary forest; Succession; Tropical 
moist forest; Venezuela. 

Nomenclature: Croat ( 1978 ). 

Introduction 

Tropical forests long have provided insight and inspira
tion to plant ecologists because the high productivity, struc
tural complexity and species diversity help provide a frame
work within which to place less complex or diverse com
munities. Similarly tropical moist forest successions should 
provide a valuable perspective on successional processes. 
Patterns of tropical forest successions may differ from 
those observed in temperate ecosystems for several rea
sons. Canopy closure is likely to be rapid following distur
bances due to long growing seasons and high productivity. 
As a result, light levels near the ground are quickly reduced 
and the impacts of canopy opening on microclimates are 

buffered (Denslow et al. 1998). The temporal window of 
high resource availability thus may be considerably shorter 
in moist tropical forest than in many temperate successions. 
Diversity of potential colonists is high; patterns of tropical 
successions may be influenced less by the morphological, 
physiological or life history attributes of dominant species 
than temperate successions (e.g. Oliver & Larson 1996). In 
addition the predominance of bird and bat dispersal syn
dromes among most tropical trees and shrubs (Howe & 
Smallwood 1982) reduces dispersal limitations to seedling 
establishment at all successional stages. Here I discuss 
patterns of forest structure and diversity revealed in a long 
chronosequence from Barro Colorado Nature Monument, 
Panama in the context of a model of secondary succession 
based predominantly on temperate data sets. I also com
pare these patterns with those published by Saldarriaga et 
al. (1988) for a Venezuelan chronosequence on nutrient
poor oxysols. 

A widely recognized model of succession (Peet 1992; 
Oliver & Larson 1996) recognizes four phases of succes
sion: establishment, thinning, transition, and steady state. 
During the first phase, many seedlings establish under 
conditions of high resource availability following a stand
destroying disturbance. Tree growth increases competition 
for canopy space and leads to the death of suppressed 
individuals during the thinning phase. The eventual senes
cence of the early cohort of canopy trees during the transi
tion phase (Peet 1992) or understory initiation phase (Oliver 
& Larson 1996) increases both structural heterogeneity of 
the stand and resource availability to seedlings. Finally, the 
steady state phase describes the gap-mosaic of old-growth 
forest, a combination of gap-formation and gap-filling 
processes which produce high spatial and structural hetero
geneity (Brokaw 1985; Oliver & Larson 1996). Species 
diversity is seen to be correlated with these stand structural 
changes being low in young stands but increasing with 
stand development and with the establishment of a gap 
mosaic stand structure. 

Methods 

Forests on Barro Colorado Island are classified as tropi
cal moist forests (Foster & Brokaw 1982). Mean annual 
rainfall is ca. 2500 mm distributed between a long wet 
season and a strong 4-month dry season (January-April). 
Stands sampled in this study occurred on oxisols and 
alfisols, both of which are relatively rich in available N and 
P(Yavitt & Wieder 1988). 

Forests of the Panama Canal watershed provide an unu
sual opportunity for a study of secondary succession. The 
vicinity of the Barro Colorado Nature Monument has been 
the focus of intense human activity for the last 200 yr, first, 
as a route west for settlers immigrating from the Atlantic 
coast of North America to California, then as the site of 
French and American activity during the construction of 
the canal in the early 1900s, and subsequently for the 
production of fruit, meat, and dairy products. Throughout 
this period portions of the watershed have been brought 
under protection from further exploitation. Most recently 
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the Barro Colorado Nature Monument was established in 
1979 to provide long-term protection of Barro Colorado 
Island, a field laboratory of the Smithsonian Tropical Re
search Institute, as well as several neighboring mainland 
peninsulas. The BCNM today is a patchwork of second
growth vegetation dating from different periods of agricul
tural activity and ranging in age from old fields to forests 
fallowed more than l 00 yr ago. Old-growth forest covers 
about half of Barro Colorado Island as well as portions of 
the peninsulas; it is likely to be at least 500 yr old and 
probably was never cleared for agriculture (Piperno 1990). 
Contemporaneous descriptions, oral histories, and aerial 
photographs were used to identify stands of different ages 
(Denslow & Guzman 2000). 

l O stands were selected for study, two each representing 
forests of ca. 20, 40, 70, I 00 yr in fallow as well as two old
growth (500-yr) stands. Study stands were at least IO ha in 
area (most were considerably larger). Vegetation in these 
l O stands was sampled using a series of nested quadrats 
arranged contiguously along two 160-m transects (except 
one transect in one 20-yr stand). Trees> 5 cm DBH were 
sampled in a total of 32 !Om x I Om quadrats. Shrubs and 
saplings< 5 cm DBH and> I m tall were sampled in 64 5 
m x 5 m quadrats. All individuals were identified to 
species and dbh was measured for trees> 5 cm DBH. 

These data are compared to results of a study published 
by Saldarriaga et al. ( I 988) on a chronosequence on the 
upper Rio Negro in southern Venezuela and Colombia. 
While the vegetation in both regions is classified as tropical 
moist forest, annual rainfall is higher (ca. 3500 mm) on the 
Rio Negro and soils are extremely nutrient-poor (oxisols 
and ultisols ). Saldarriaga et al. ( 1988) studied 19 secondary 
stands ranging in age from 9 to 80 yr as well as four stands 
identified as mature forest. Stems > I cm DBH were sam
pled in three I Om x 30m plots in each stand. Published data 
are reanalysed here for comparisons with the BCNM study. 

One-way analysis of variance (PROC GLM; Anon. 1990) 
and simple linear regression (PROC REG; Anon. 1990) 
were used to compare stand characteristics among age 
classes. 

Results 

Old-growth forest structures at BCNM and Rio Negro 
provide a context within which to compare successional 
patterns. While total stand basal areas of the two sites are 
similar (basal areas of trees> 5 cm DBH (.t ± sd): BCNM: 
27.6±4.42 m2/ha; Rio Negro: 32.1 ±3.01 m2/ha), densities 
of trees >10 cm DBH are higher at Rio Negro (569±33.4 
trees/ha) than comparable forest at BCNM (460 ± 55.2 
trees/ha; t = 2.8051; df = 4; p < 0.05). 

Agewise differences among stand structural characteris
tics in the BCNM chronosequence were not statistically 
significant (Figs. I and 3a). However, in view of scarce 
information available on tropical forest successions and an 
interest in temporal patterns as well as stand differences, I 
compare trends among agewise means at BCNM with data 
from the Rio Negro chronosequence to develop hypotheses 
about tropical forest successions. Differences in total basal 

area and stem densities of trees > l O cm dbh across the 
BCNM chronosequencc (Fig. l) suggest that growth rates 
are rapid. By 20 yr densities of trees> l O cm DBH reach or 
exceed tree densities in old-growth stands and by 70 yr 
total stand basal area does as well. Densities ofrecruitment 
size classes (saplings and small trees 5- 20 cm DBHJ arc 
somewhat higher in older stands than in intermediate age 
classes (Fig. 3a). Seedlings (20- JOO cm height) follow the 
same pattern (data not shown). 

Stand structural changes in the Rio Negro chronosequcncc 
(Fig. 2) reflect the lower productivity of these nutrient
limited forests. Total stand basal area (trees> 5cm DBH) 
increases consistently throughout the chronosequencc 
( r 2 = 0.65; p < 0.0 I; n = 22), but during the first 80 yr of 
succession stand basal area reaches only 2/3 that of old
growth forest. Variation in density of trees> IO cm DBH is 
high within all secondary forest age classes, although trends 
among means suggest that growth is slow and that recruit
ment into the l 0-cm size class continues to be an important 
component of succession in older stands (Fig. 2b). Al
though data for sapling sizes comparable to those for 
BCNM were not available for Rio Negro, densities of small 
saplings ( I - IO cm DBH) were similarly higher in the 
young than in old stands at Rio Negro (Fig. 3b). At Rio 
Negro, progressive canopy closure appears to reduce es
tablishment conditions for small saplings. Relatively low 
sapling densities in old-growth stands suggest that canopy 
turnover rates in old stands may be low at Rio Negro. 
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of trees > IO cm DBH. Each age class is represented by the 
mean and standard deviation of 3 -4 stands (F =2.53; p < 
0.10; df = 5, 17). Data from Saldarriaga et al. 1988. 

Species richness of BCNM trees (> 5cm DBH) shows 
little variation across stand ages (data not shown). Among 
small saplings ( I m tall to 5 cm DBH), the number of 
species sampled declined during the first I 00 yr but were 
somewhat higher in old-growth stands (Fig. 4a). Sample 
sizes from the Rio Negro chronosequence are small and 
variation within stand age classes is large; however, ob
served tree species richness did not vary as a function of 
stand age (Table I in Saldarriaga et al. 1988). In both sites, 
stem density is an important correlate of species diversity. 
Species richness of Rio Negro trees (r2=0.38, p < 0.05, n = 
23) and BCNM saplings (r2=0.74, p < 0.05; n = 9, Fig. 4b), 
but not BCNM trees, were a significant positive function of 
stem density. 

Discussion and Conclusions 

Old-growth forest at BCNM is tall (main canopy at 30-
40 m with emergents approaching 50 m; Knight 1975) and 
growth rates are high ( 1.5-8.4 mm/yr for trees> 1 cm DBH, 
estimated from Condit et al. 1995). At Rio Negro, the forest 
stature is low ( < 25 m, Uhl & Murphy 1981) and growth 
rates are slow (ca. I mm/yr; Murphy & Jordan unpubl.). 
Although stand basal areas of the two forests are compara
ble, tree densities are higher at Rio Negro than at BCNM. 
Uhl & Murphy ( 1981) concluded that high stem densities, 
low basal area, low stature, and low growth rates in the Rio 
Negro forests were due to the oligotrophic nature of the 
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Fig. 3. a. Sapling densities across the BCNM chronosequence 
(F = 0.90; n.s.; df = 4,5 ). Saplings are 5- 20 cm DBH. Each 
point represents the mean and standard deviation of two repli
cates at each age class. b. Sapling densities across the Rio 
Negro chronosequence (F = 4.63; p < 0.01; df = 5. 17). Sap
lings are 1- 10 cm DBH. Each age class is represented by the 
mean and standard deviation of 3 - 4 stands. Data are from 
Saldarriaga et al. 1988. 
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site. Comparison with old-growth forest on the BCNM 
suggests that the Rio Negro sites are also more oligotrophic 
than those in Panama. 

The changes in forest structure during tropical succes
sion shown in these two chronosequenccs arc largely con
sistent with the patterns summarized by Peet ( 1992) and 
Oliver & Larson ( 1996), although early patterns of change 
in basal area, stem density and species richness were not 
included at either site. These two tropical chronosequences 
illustrate the importance of site productivity for the pat
terns and rates of secondary succession. Basal area accu
mulation appears to be slow and asymptotic in the Rio 
Negro sequence reflecting low soil nutrient availabilities. 
The BCNM chronosequence more closely approaches the 
shifting mosaic model (Peet 1992) in which biomass of 
old-growth stands is somewhat less than the maximum 
exhibited by intermediate aged stands prior to thinning. In 
any case, basal areas characteristic of old-growth forests 
are reached by 70 yr in the more productive site. Diversity 
of canopy trees within young secondary stands is relatively 
high at both sites, so it is unlikely that these patterns arise 
solely from the behavior of one or a few common species, 
as they might in less species rich temperate communities. 
The pattern is similar to that observed by Brown & Parker 
( 1994) for a mesic temperate forest chronosequcnce in 
Maryland. 

Both chronosequences suggest that stand turnover rates 
vary as a function of stand age as evidenced by changes in 
density of regeneration size classes. At BCNM, stand turn
over appears to increase in older stands (80 - JOO yr), 
suggesting a degree of synchrony in the mortality of canopy 
trees, which might come about from senescence of an 
even-aged cohort of a common species, senescence of 
species sharing similar demographic patterns, or as a func
tion of increasing intensity of competitive interactions 
among growing trees. At Rio Negro, sapling densities are 
lower in old than in young stands. Although there is some 
indication of increased stand turnover at 80 yr, sapling 
recruitment appears to be limited in older stands. Establish
ment sites may be scarce in old stands because of space 
occupied by accumulated dead wood, large boles of canopy 
trees, and dense clumps of understory palms as well as by 
shade cast by understory shrubs and treelets. 

Species richness within regeneration sizes class is strongly 
correlated with stem density and thus linked to stand struc
ture within the BCNM sequence. For example, both den
sity and species richness of saplings I m tall to 5 cm DBH 
decline throughout the first JOO yr. Nevertheless, species 
richness of small saplings are higher in old-growth than in 
I 00-yr secondary stands, suggesting that important struc
tural and compositional differences between old-growth 
and old secondary forests remain. Low dispersal limita
tions, high stand heterogeneity, and high diversity likely 
contribute to a species-rich seed rain and diverse regenera
tion pools in the oldest stands. Unlike secondary forests in 
many tropical landscapes, the stands studied at BCNM arc 
bounded not by pasture but by contiguous secondary and 
primary forest. Dispersal of seeds from proximate sources 
is likely less limited under these circumstances than under 

~,,,,_----------------------~~~~ 

the more usual conditions of fragmented forests in an 
agricultural landscape (Dailing & Denslow 1998). As a 
result species diversity is high and successional patterns 
reflect shared characteristics of many species rather than 
the dominance of a few. 

At neither site is there evidence of an asymptotic ap
proach to maximum species diversity in old-growth stands 
as suggested by some succession models (Peet 1992; Drury 
& Nisbet 1973) or a maximum at intermediate ages as 
suggested by the intermediate disturbance hypothesis 
(Connell 1978). Tropical forests may more closely follow 
plankton models of community structure in which high 
diversity and efficient dispersal provides a species-rich 
regeneration pool at all stand ages. While the relatively 
harsh environmental conditions characteristic of abandoned 
pastures (Uhl et al. 1988) may limit early establishment to 
high-light requiring, stress-tolerant species, understory light 
and soil environments do not vary strongly as a function of 
stand age following canopy closure (Nicotra et al. 2000; 
Denslow & Guzman 2000) and appear to be within the 
tolerance range of most rain forest trees and shrubs 
(Denslow 1987). In the absence of strong environmental 
selection among the regeneration pool of species, diver
sity is constrained primarily by opportunity (availability 
of establishment sites) and composition of the propagule 
pool. Few species dominance is most likely to be impor
tant in the earliest stages of tropical succession ( < 15 yr), 
when seed stocks are limited by dispersal or habitat frag
mentation, or when site degradation arrests the process of 
seedling establishment. 
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Abstract. Tropical dry forests have been fragmented by defor
estation and changes in land use. Knowledge of the dynamics 
of these forests is poor. In northwestern Costa Rica, tree 
seedling dynamics in abandoned pastures and secondary dry 
forests were studied by planting them under different light and 
root competition regimes. Survival and growth was measured 
regularly between 1989-1993. This study reports the long-term 
sapling development five years later. The effects of the initial 
experimental conditions showed that particularly removal of root 
competition by trenching improved survival on a long-term basis. 
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Guanacaste; Conservation area, Long-term effect, Hymenaea 
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Introduction and Study area 

Tropical dry forests once constituted ca. 40% of the 
lowland forests in the tropics (Murphy & Lugo 1986). 
Rapid deforestation and conversion to farm or grazing land 
during the last centuries have left only fragments of the 
original forest and mostly secondary vegetation. Less than 
I% of the original forest remains in a relatively undisturbed 
condition, which makes them more threatened than tropi
cal rain forests (Janzen 1993 ). 

Guanacaste Conservation Area (105000 ha), the study 
area in northwestern Costa Rica, consists of abandoned 
pastures, semi-deciduous dry forest fragments and second
ary forest regrowth. The seasonal (5-7 months) rainfall 
varies between 800 and 2500 mm annually. The pastures 
are slowly being re-invaded by woody species through 
natural regeneration and by exclusion of fires and other 
human activities. Active restoration through tree planting 
was initiated in the end of the 1980s. I carried out an intensive 
study on seedling survival and growth of common tree species, 
experimentally planted in different ecological conditions. They 
were measured monthly between 1989 and 1993 (Gerhardt 
1993, 1996) and remeasured in January 1998. 

The hypothesis in 1989 was that the long dry season limit 
belowground resource availability for seedling establish
ment, compared with tropical rain forests where light is the 
main limiting factor. By experimentally changing those 
resource levels (soil moisture availability, nutrient and 
light levels) insights could be gained about mechanisms for 
seedling development in these forests (Gerhardt 1996). In 
this paper the impact of the initially manipulated resource 
levels on the long-term (post-treatment) development of 
those seedlings/saplings were examined. 
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Material and Methods 

Two common tree species were monitored in this study. 
Hymenaea courbaril; an evergreen, slow growing, animal
dispersed tree and Swietenia macrophylla, a deciduous, 
fast growing, wind-dispersed tree. In the original study 
four species were included (Gerhardt 1993, 1996), but only 
two species remained until 1998. 

Two secondary vegetation types were studied: aban
doned pasture and approx. 40-yr old forests. Nursery
raised 4-month old seedlings were planted in either in tall 
Hypharrenia rufa (unmown) pasture or in regularly mown 
pasture, monitored between 1989 and 93 (Gerhardt 1993). 
The grass was then left for free development. Two forest 
sites were used; one with deciduous trees dominating 
(deciduous site) and one containing both deciduous and 
evergreen trees (semi-evergreen site). In both sites canopy 
heights varied between 5 and 12 m. Seedlings had been 
planted in a 2 x 2 factorial design. The canopy was either 
intact (Th0), or thinned (Th 1), where shrubs, understorey 
trees and tree branches had been removed (Table I). 
Circular trenches (using polythene plastic) were placed 
around the seedlings to decrease root competition (Tr1), 

or left untrenched as a control (Tr0) (Gerhardt 1996). 
Daily rainfall, soil conditions (nutrients and soil physical 
factors), soil moisture (weekly), light conditions in the 
forests at different seasons (Table I), monthly seedling 
survival, height and diameter increment (every 6 month) 
and defoliation/herbivory was measured 1989-1993. (For 
results see Gerhardt 1993, 1996, 1998.) In July 1993 
trenches were removed and the canopy was allowed to 
develop to the original stage. Five years later the surviv
ing saplings/treelets (survival, height and diameter) were 
remeasured. 

Results and Discussion 

Pasture trial ( 1989-93/93-98) 
The highest seedling mortality was caused by dry season 

drought, particularly during the first dry season (Table 2). 
Growth was initially low during the first three years. Mow
ing effects were confounded by large soil variation, but 
mown grass appeared to be somewhat more favourable for 
seedling development than the unmown grass (Table 2 and 
Gerhardt 1993). 

Mortality during the post-treatment period ( 1993-1998) 
was much lower for the plants that had developed in mown 
(M) than in unmown (U) conditions, H. courbaril: M 8% 
versus U 29%, S. macrophylla M 3% versus U 17%. Thus, 
initial mowing had improved survival in a longer time 
perspective. Survival rates were similar in both species, but 
S. macrophylla had higher growth rate than H. courbaril 
(Table 2). 

Forest trials ( 1990-1993/1993-1998) 
Seedling mortality was low in the rainy season but did 

generally increase in the late dry season, particularly the 
first year (Gerhardt 1996). Survivorship was higher in the 
pasture than in the forest both at an annual rate, and at 7 .5 yr. 
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Table 1. Forest light conditions in the two forest sites in 
percentage of photosynthetic active radiation (PAR). Th = 
thinning treatment, Tr= trenching treatment. 

Treatment Wet season 199 l Dry season 199 l 

Th0Tr0 6-8% Deciduous site 40- 50'/c 
Semi-evergreen site 30-40'7c 

Th 1Tr0 35-40'} Deciduous site 60-70% 
Semi-evergreen site 55-65% 

Th0Tr 1 6-8'} Deciduous site 40-50% 
Semi-evergreen 30-40% 

Th 1Tr1 30-40'7c Deciduous site 60- 65<;{ 
Semi-ever_g_reen 40-65 % 

(Tables 2 and 3 ). Thinning and trenching did affect the 
survival and growth during the first three years of measure
ment (Table 3; Gerhardt 1996). Mean growth rate was 
much lower in the forest than in the pasture (Tables 2 and 
3). Herbivory contributed to decreased survival and growth 
during the first years (Gerhardt 1998). 

After 7 .5 yr it was clear that trenching had had long-term 
positive effects for both species (using the 1993 surviving 
plants as a new cohort and comparing with survival in 
1998) (Table 4 ). Sapling survival was twice as high for 
those that had been located within a trench. This indicates 
that establishment and early development in tropical dry 
forest vegetation is favoured by decreased root competi
tion (for water and nutrients) and that the effects are long
term, although trenching had little effect in the semi-ever
green site initially (Table 3; Gerhardt 1996). Trenching 
may have allowed the development of a larger. more effec
tive, root system. Both trenching and thinning had a posi
tive effect on growth (Table 4). 

Table 2. Mean mortality and growth of Hymenaea courhari/ 
and Swietenia macrophylla in pasture trials from 1989-1998. 
M = mown pasture, U = unmown/natural pasture. 

Annual mortality Treatments pooled Survival at 8.5 yr 
At year l 3 8.5 

H. courharil 30•/c 15'/c 4.0'k M 47'k U 30'} 
S. macropln-1/a 47'7c 16% 4.5% M 32'7c U 24'7c 

Annual growth Height increment Height at 8.5 yr 
At year l 3 8.5 

H. courl>aril 3cm 5cm 25 cm 165 cm 
S. /11(/Crophvlla 10cm 15cm 50cm 340cm 

Diameter increment Diameter at 8.5 yr 
H. courl,aril 0.2 cm 0.2 cm 0.7 cm 3.8 cm 
S. macrophvlla 0.4 cm 0.6 cm 2.0 cm 10cm 

Table 3. Secondary forest experiment mortality and growth 
from 1990 to 1998. 

Annual mortality (treatments pooled) 

At year l 

H. courl>aril 
Deciduous site 33% 
Semi-evergreen site 10% 

S. macropln'i/a 
Deciduous site 60% 
Semi-evergreen site 20'7r 

Annual growth - height increment 

H. courharil (all branches) 
Deciduous site 5 cm 
Semi-evergreen site 6 cm 

S. nwc rophYlla 
Deciduous site 13 cm 
Semi-ever_Feen site 9 cm 

Conclusions 

3 

16% 
11% 

30% 
l6o/c 

2cm 
9cm 

15 cm 
13cm 

7.5 Survival 1998 

11% 22% 
11% 37c1c 

12% 8'7' 
13% 25% 

Total stem height 1998 
62cm 
95 cm 

22 cm 162 cm 
18cm 147cm 

Competition for belowground resources appear to play a 
significant role particularly when resources are seasonal 
(soil moisture), and that increasing light levels during the 
dry season increases water and plant stress. In a Ghanaian 
dry forest shady places are reported to be more favourable 
than open areas (Lieberman & Li 1992). Root competition 
that affects seedlings is also reported by Fisher et al. ( 1991) 
in a moist forest and Coomes & Grubb ( 1998) in a nutrient
poor rain forest. Most studies in tropical rain forests have 
found no effects on trenching (Denslow ct al. 1991; Grubb 
unpubl.). 

The results from this study show that the initial microsite 
conditions, particularly belowground, affect tree seedling 
establishment in a seasonally dry forest. And although not 
necessarily measurable initially, they may play an impor
tant role in the further development of the juvenile trees. 

Acknowledgements. I greatly acknowledge the fieldwork 
assistance during 1998 of Felix Carmona Mendes. 

Table 4. Treatment effects on survival (S) and growth (G) 
using ANOVA analysis (significant at p < 0.05), during the 
first period 1990-1993 and the second period 1993-1998 in the 
forest trial. + indicates significant effects. Th = thinning 
treatment, Tr= trenching treatment. 

Species Site Treatment s s G G 
90-93 93-98 90-93 93-98 

H. courharil Deciduous Th + + 
Tr + + + + 

Semi-evergreen Th + + + 
Tr + + + 

S. macrophvl/a Deciduous Th + + 
Tr + + + + 

Semi-evergreen Th + + 
Tr + + + 

,.. 
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Abstract. Sahe\ian valley systems ('bas-fonds') are key 
stone ecosystems in the sense that they harbour dense, 
species-rich vegetation in an otherwise dry environment. 
Many of the woody valley species are highly appreciated 
by local people, because they provide construction-wood, 
fruits, medicine, and livestock fodder. In this study two 
methods, interviews with elderly local people and vegeta
tion sampling are used to gain information about vegeta
tion changes of the woody vegetation in a valley system in 
northern Burkina Faso, West Africa. According to local 
Fulani people (former nomads) the valley vegetation is 
highly degraded today, the vegetation used to be dense a 
few decades ago, but it is now open and Jacks regeneration; 
many species are declining, and some have become loca\ly 
extinct. Vegetation data support the local information; size 
class distributions reveal that most woody species have few 
young individuals and weak rejuvenation, and many of the 
locally appreciated species are rare. Through interviews 
and vegetation studies it is possible to assess the state of 
most of the ca. 60 woody species that grow in the area 
which is important for the planning of natural management 
strategies. 

Keywords: Degradation; Fulani people; Sahel. 

Nomenclature: Lebrun & Stork ( 1991-1997). 

Introduction 

The Sahel is well-known for its environmental problems 
as degradation and desertification in the Sahel have been 
frequently debated political issues. The degradation prob
lems concern both soil, herbaceous vegetation, and 
woody vegetation. This study, however, focuses on the 
woody vegetation, an extremely important element of 
the Sahelian ecosystems that has been particularly 
affected by thinning and compositional changes during 
the last decades (e.g. Geerling 1985; Sinclair & Fryxell 
1985; Cross & Barker 1991; Breman 1992; Stiles 1995a). 
A degradation of the woody vegetation affects local 
societies directly as woody plants serve essential 
functions by providing livestock fodder (Le Houerou 
1989), by sustaining and ameliorating soil and grass 
components of the ecosystem (Dunham 1991; Solbrig 
1993; Belsky & Canham 1994), and by providing a 
variety of daily used products such as food, medicine, 

firewood, and construction materials (e.g. von Maydell 
1990). 

Despite the fact that trees and shrubs are both severely 
declining and extremely useful to local people in the 
Sahel, management of the woody vegetation has received 
little attention in west African arid and semi-arid areas 
(von May de JI 1995). Also the newest theories for rangeland 
management in disequilibrium systems (e.g. Behnke et al. 
1993; Scoones 1996) largely ignore problems concerning 
assessment and management of woody resources. The 
aim of this study is therefore to specify floristic changes 
of woody plants in order to provide data that can be used 
as a basis for management strategies. Species level infor
mation on vegetation changes can be gained from vegeta
tion investigations and from local knowledge, which to
day is a widely recognized source for information on 
natural resource questions (Gadgil et al. 1993; Meffe & 
Carro JI 1994; Stiles 1995b ). 

The field studies took place in a typical Sahelian area and 
included (I) interviews with elderly local people and (2) 
vegetation sampling with focus on va\ley systems ('bas
fonds' ). Valley systems are key stone ecosystems in the 
Sahel as they are relatively humid with a comparatively 
dense, tall, species-rich, and productive vegetation in an 
otherwise dry environment. Va\ley systems are highly im
portant for maintaining biodiversity in the Sahel, and they 
are recognized by local people as the most important veg
etation type for extraction of wild products (Lykke 1998 ). 

Study site 

The study took place in the region of Gorom Gorom, 
Oudalan province, in northern Burkina Faso (Fig. I). The 
landscape is characterized by large stretches of planes 
interrupted by valley and dune systems. The word 'valley' 
is used in a broad sense to include floodplains and banks of 
seasonal streams with a vegetation that is clearly different 
from that of the neighbouring plane. The planes are cov
ered by grassland and shrubland vegetation, the dunes are 
dominated by grasslands and open spaces, and the valleys 
hold vegetation types ranging from forest to grassland. 

The rainy season lasts about three months (June-Sep
tember) with irregular, sporadic, and unpredictable pre
cipitation, as is typical for the Sahel. From 1958 to 1996 
average precipitation in Gorom Gorom was 403 mm/yr. 
Two major droughts occurred in this period, one in the 
early 1970s and one during the 1980s. The area is mainly 
inhabited by people from the ethnic groups of Fulani 
(Peu\h/Rimaibe), Bella, Touaregs and Sonrai. Following 
the tradition in the Sahel, rangelands are communal lands. 
During the last 30 yr many nomadic pastoralists have 
settled down in order to supplement their income by 
agriculture, and today most people Ii ve as agro-pasturalists 
(Reenberg & Fog 1995). Many families, though, supple
ment their income by migratory work. 

,,,. 
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Fig. 1. Location of study area in the vicinity of Gorom Gorom in the Oudalan Province. The investigated valley system is indicated 
in light gray and a seasonal water pool in dark gray. 

Methods 

Information was derived from two different methods: 
interviews with elderly local people and investigations of 
woody plants in valleys. 

11 Fulani villages at walking distance from a valley were 
selected for interviews (Fig. I). Information about vegeta
tion changes and increasing/declining species was col
lected through semi-structured interviews with 21 groups 
of people (11 groups of men and 10 groups of women) 
including from one to about 15 people, but mainly three to 
six persons. People were asked to mention increasing/ 
declining species through free-listing techniques. The semi
structured interviews were followed up by structured inter
views with 100 people from five of the villages. People 
were asked individually to classify each of 59 species 
according to their status as increasing/declining (declining 
species were categorized as slightly, moderately, or se
verely declining). 

Vegetation was described on the basis of stratified 
random sampling. 15 sites were sampled along valleys to 
cover well-protected valley vegetation. IO random points 
were located at each site through random number tech
niques. This made a total of 150 random points. At each 
point a 20 m x 20 m plot was investigated for woody 
plants< 5 cm DBH (diameter at 1.3 m height) (referred to 
as regeneration). At each point plotless sampling was 
carried out by the point quarter method (Cottam & Curtis 
1956): (I) four quadrants were located by a random 
method; (2) the distance to the nearest tree or shrub:::: 5cm 
DBH and :::: IO cm DBH in each quadrant was measured; 
(3) DBH of the nearest tree or shrub:::: 5 cm DBH and:::: I 0 
cm DBH in each quadrant was measured. The densities 
from plotless sampling were calculated according to Pol
lard ( 1971) and Krebs ( 1989). 

Results and Discussion 

Local knowledge 
Former nomads of the Sahel are obvious informants for 

detailed information about environmental change, because 
of their close relation with and dependence on the sur
rounding natural resources. Most people knew nearly all of 
the ca. 60 woody species that occur in the area (Lykke 
1998). And consistency in the information given independ
ently by different people rendered credibility to local peo
ples observations. It is a general view among local people 
that the vegetation of the area had experienced a severe 
degradation and they gave detailed descriptions about 
changes in species abundances. The word 'degradation' is 
here used to describe a vegetation change where the bio
logical potential has been reduced to an inferior state, 
reversibly or irreversibly, to such a degree that the system's 
ability to satisfy particular uses has declined (Stiles 1995a). 

The valley systems were described as the most severely 
affected by degradation. The valley vegetation was dense 
few decades ago, but today it is open in most places and 
young trees are sparse. The period of border conflicts 
between Burkina Faso and Mali ( 1974 ), which coincided 
with a severe drought period, was generally cited as the 
time when a severe dieback of woody plants started and 
when the abundant regeneration of woody plants ceased. 

Acacia tortilis is generally said to increase in the area, 
but local people consider all the remainder species of 
woody plants as declining (with the exception of Balanites 
aegyptiaca, F aiherbia albida and Leptadenia pyrotechnica 
in certain areas). The following species were most fre
quently mentioned when local people were asked to name 
the most declining species (the number in parentheses 
gives the number of groups of people, out of 21 groups, 
who mentioned the species): Grewia bicolor( 19),Adansonia 
digitata ( 16 ), Grewia villosa (9), Pterocarpus lucens (9). A 
total of 25 species were mentioned (Lykke et al. 1999). 
During free-listing techniques people generally mentioned 
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Table 1. Estimation of the degradation status of woody species assessed by structured interviews. 

Severely declining (or extinct) 
(estimated hy > 70'7' I 

Cadabt1.fl1ri11oso 
Crewiu tenax 

Klwya senega/ensis 
Capparis sepiaria 
Kigelia qfi-icmw 

Grewio fla\·escens 
Cmnmiph~,ra l!fricww 

Vitex doniana 
Boscia senegalensis 

Stereospermum kunthiunum 
Bl,s(·ia angustU(,/ia 

Ce/tis toka 
Gordenia tem(f(,liu 
Crater(1 culans011ii 
Maerua cras.\·U(,lia 
Boscia salic(folia 

Dalhergia melanoxylrm 
Al·aciu p<,lya<·l111tlw 
Adunsonia digitllta 

Severely declining' 
(estimated by 50-70Ck,) 

Grewil1 vil!osa 
Ximenia americana 
Guiera senega/ensis 
Pter<Ju1rpus lucens 

Acacia senegal 
Phoenix dactylffero 
Acacio ehrenbergio 

Grewia bicolor 
Andira inennis 

Slightly or moderately declining' 
(estimated hy 50-90'7,) 

Ficus sy£·omrJrU.\ 
Leptadeni(l pyroteclmica 

Hyphaene theb(lica 
DirJspyr<JS mespil1formis 

Zi:.iphus mucronata 
Cldotropis procera 
S£'1tr{)(·arra birrea 

Fluegge~t \'irosa 
Tanwrindus indica 
ft.1aenw angolensis 

Combretwn glutinosum 
Faidherbfr1 a/bidll 

Cr>mhretun1 a,·11/eatu,n 
Acacia niloth·a 

Auu·ia ataX(IClmtha 
Witragyna inl'nnis 

Slightly declining species 
(estimated hy > 90'7' I 

Leptmlenin lwswta 
Bauhinia nifescem 

F eretia apr,da11thert1 
Dicr<Jstuchys ci11ereu 
A::adirncl;ta indh·a 

Pilio.,·tigmc1 reticulatum 
Afl(Jg(!/ssus lei<>curpa 

Ac·a(·ia seyal 
C<,mbretum mic-ranthum 

Ac{l(·ia tortilis~ 
Bl1/anites aegypti{l("ll 
Zi;iphus mauritiana 

1Spccics with geographic d1ffcrcnccs; ~Acacia tortilis was. as the only species, generally defined as increasing. 

common, conspicuous and useful species: the two Grewia 
species have edible fruits and are important browse spe
cies, Adansonia digitata has edible fruits and leaves and is 
useful for various purposes, and Pterocarpus lucens is 
valued for browse and for high quality construction wood. 
People, however, forget rare and less used species when 
asked through free-listing techniques. When directly ques
tioned about the status of each single species during struc
tured interviews, local people gave information about many 
species not mentioned during free-listing techniques. This 
is the case for Cadabafarinosa, Grewiaflavescens, Maerua 
crass(f'o/ia, which were considered severely declining by 
more than 80% of the people, and for Ce/tis toka, 
Stereospermum kuntianum, and Vitex doniana which were 
said to be locally extinct. 

A large consistency was found among peoples answers, 
19 species were mentioned as severely declining (or ex
tinct) by more than 70% of the people, and 12 species were 
mentioned as slightly declining (or in the case of Acacia 
tortilis increasing) by more than 90% of the people. For the 
remainder 25 species there were geographic differences; many 
species were consistently or mainly mentioned as severely 
declining by people from some villages whereas they were 
mentioned as slightly or moderately declining by people 
from other villages (Table I). E.g. Diospyros me.1pilifonnis, 
Ficm s_vcomorus, A.ndira inermis, Sclerocarya birrea and 
Hyphane thebaica were said to be severely declining around 
some villages, whereas they were only indicated as slightly 
declining around other villages. In this way it is possible to 
get an indication of local variations on the basis of struc
tured interviews. 

Vegetation studies 
Information on density and number of species sampled 

per site is given in Table 2. Remarkably few woody plants 
were sampled in the size class from 5 - IO cm DBH. The 
most abundant species 2'. 10cm DBH were Diosp_vros 
mespi/(f'ormis, Piliostigma reticulatum and Anogeissus 
leiocarpa, Balanites aegyptiaca and Mitragyna inermis, 
which accounted for 80% of all individuals. Except for 

Ba/anites aegyptiaca, however, they were regenerating 
sparsely. Five species accounted for 75% of the regenera
tion; Acacia tortilis was most abundant followed by F eretia 
apodanthera, Guiera senegalensis, Combretum acu/eatum, 
and Balanites aegyptiaca. Other (mostly rare) species did 
not regenerate (Table 2). The valley vegetation is invaded 
by species that are otherwise typical of the planes, mainly 
Acacia tortilis, and in the four sites with low density of 
woody plants 2'. 10 cm DBH, Acacia tortilis and Balanites 
aegyptiaca dominated the regeneration. This is an example 
of a change to a more drought adapted vegetation type 
which was described to be a typical consequence of heavy 
livestock grazing/browsing (Skarpe 1992). 

Vegetation data generally support local information. Size 

Table 2. Average number of individuals per ha, based on 
sampling of 0.6 ha for regeneration, 13 ha for plants 2'. 5 cm 
DBH and 14 ha for plants 2'. 10 cm DBH. 

Regeneration 2 5 cm DBH 2 10 cm DBH 

Di()Sf}_\TOS 111espila<>rmis 147 8.8 8.3 
Piliostigma retic11/atum 58 6.8 6.7 
Anogeis.rns leiocarpa 15 6.2 6.4 
Balanites aegiptiaca 377 6.8 6.2 
.\Jitragyna inermis 60 5.2 4.6 
Acacia seyal 128 3.2 3.0 
Acacia tortilis 550 1.8 1.7 
Pteroca,7ms lucens 0 0.8 0.8 
Comhretum glutinosum 2 0.8 0.8 
Acacia nilotica 33 0.5 0.4 
Tamarindus indica 0 0.4 0.4 
Bauhinia n!{escens 22 0.4 0.4 
Comhretum micranthum 153 0.8 0.3 
Andira inennis 5 0.2 0.2 
Crateva adansonii 2 0.1 0.1 
Sclerocan·a hirrea 0 0.1 0.1 
Gardenia· tern{/0/ia 0 0.1 0.1 
Acacia senegal 0 0.1 0.1 
Acacia ataxacantlw 3 0.1 0.1 
Hyphaene thehaica 8 () 0 
Guiera senega/ensis 405 0.1 0 
Grnt'ia hicolor 13 () () 

Flueggea virosa 18 () 0 
Feretia apodanthera 437 () () 

Faiderhia a/hida 3 0.1 () 

Dalhergia rnelan(nJ·/011 3 () () 

Comhretwn aculeatum 383 0 () 

Total 2827 43 41 
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class distributions reveal that most woody species have few 
young individuals and many of the locally appreciated species 
are rare. Acacia tortilis, in contrast to most other species, 
seemed to have a good and constant rejuvenation, whereas 
Pterocarpus lucens and Tamarindus indica practically lack 
regeneration.At presently size class distributions are analysed 
in more detail. Many species, however, are so rare that it is 
difficult to get reliable data through vegetation sampling. 

Earlier studies of the vegetation in the Oudalan province 
showed that many trees died and large areas were degraded 
in the period from 1955 to 1974 (Krings 1980; Lindqvist & 
Tengberg 1993). Lindqvist & Tengberg found a recovery of 
depressions in the last decade, but this was not supported by 
the present study. Degradation problems of the woody veg
etation similar to those described in the present study were 
earlier reported from the region (Ganaba & Guinko 1996). 

Conclusions 

Nomads of the Sahel do not have traditional practices for 
vegetation conservation as migratory routes earlier en
sured a natural restoration of the vegetation in a Sahel with 
less people and less livestock. Today this is no longer 
possible, and new practices are required to allow the woody 
vegetation disturbance-free periods to regenerate. Nomadic 
people, however, posses important knowledge about the 
environmental changes that have occurred in this century 
which is useful for assessing the status of the woody 
vegetation as a basis for restoration and sustainable use. 

Long-term vegetation data are rarely available, but static 
vegetation data are important to quantify and specify the 
natural resources that are available to local people. A large 
consistency was found in the information given by differ
ent people, but also in local information and information 
derived from vegetation studies. A combination of inter
views and vegetation studies is therefore considered a 
reliable method for assessing the status of woody species as 
a basis for management strategies. 
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Abstract. Since 1990 we have conducted a restoration project 
in the tropical rain forest of Borneo, Malaysia. The dominant 
trees of the potential natural vegetation of the area (including 
members of the families Dipterocarpaceae, Mrrtaceae, 
Lauraceae and Sapotaceae) were planted. We compared the 
best plots in Malaysia with plots from mesic laurel forest in 
Japan. The Borneo plots had better initial establishment and 
higher growth rates than plots in the laurel forest at Tokyo Bay. 
Restoration of forest in the tropics is important as a means of 
carbon fixation. 

Keywords: Borneo; Degraded land; Dipterocarpaceae; Fixa
tion of carbon dioxide; Growth performance; Seedling. 

Nomenclature: J.A.R. Anderson ( 1980). 

Introduction 

Reforestation has been proposed as a means of solving 
present global environmental problems. Many restoration 
projects have recently been initiated in degraded forests. 
Tropical forest restoration is an especially urgent issue 
because of the rapid disturbance taking place in the tropical 
landscape. Among other purposes. restoration would pro
mote the survival of biodiversity. 

There have been many restoration projects in Japan, 
eastern China, Southeast Asia and Latin-America (Miyawaki 
1992, 1993. 1999). Here we report on a restoration project 
in the tropical rain forests of Southeast Asia. We compare 
our findings in these forests with results from a warm 
temperate forest. 

Site and Methods 

The site we used is located at Universiti Putra Malaysia 
Bintulu Campus on Sarawak State. Malaysia (Borneo Is
land), about 2 km inland from the sea coast. Slope steep
ness is 30°. Soil texture is dominated by silt. We varied the 
following experimental factors: soil moisture, soil type. 
sun light intensity, rnicrotopography, nutrients, and plant
ing density. Species used were Dipterocwpaceae (the main 
emergent trees that generally form the canopy tree layer in 
tropical rainforests in Southeast Asia). and other families 
of the potential natural vegetation (e.g. Myrtaceae, 
Lauraceae, Sapotaceae). 330 000 seedlings of 92 species 
from 20 families were planted. and 25 permanent plots 

were established. Here we describe the results from a 
typical quadrat, PQ 203 (Meguro & Miyawaki 1997). 

The permanent quadrat, 11 rn x 20 rn, was established on 
barren land abandoned after shifting cultivation and covered 
mainly with the grass lschaemum magnum. In 1992, the 
weeds on the permanent quadrat were cut, fallen trees and 
wooden boards were positioned horizontally on the slope 
to prevent soil erosion and to trap fallen leaves, and potted 
seedlings which had been collected from the mature forest 
floor near the project site were planted. The soil moisture 
was moderate to wet and soil nutrition was rich. We meas
ured the basal diameter and height of all trees. We have 
previously published growth data of Dipterocarpaceae 
species (Meguro & Miyawaki 1997). Here we compare our 
results to those from a permanent quadrat at Tokyo Bay. 

At the time of planting, the following species were 
present (with numbers of sterns in parentheses) 

Shorea omta ( 155) 

Shorea da.nphvlla (93) 

Dracontme/011 dao (20) 

Baccaurea 111ac-roc11rpa ( I 0) 

Baccaurea lcmceolata (5) 

Baccaurea hracteata (2) 

Parashorea smythiesii (I) 

Slwrea 111ecistoptern: ( 116) 

Shorea /epros11/a (43) 

S,mdoricum koetjape (20) 

Eurycoma longifolia ( 10) 

Ca/ophYl!wn sc!eropln-llwn (3) 

Eugenia hoseana (I). 

Shorrn pan•ifolia (I). 

Reforestation using the same planting method was con
ducted on a man-made island in Tokyo Bay so that we 
could compare establishment and growth rates of a warm 
temperate and a tropical site. The site was established at 
Ohgishima in 1983. The top soil was 30 cm deep. The 
permanent quadrat was 3 rn x 22 rn on almost flat ground. 
Species used were laurel and other broad-leaved evergreen 
trees that formed the canopy of the potential natural vegeta
tion there. Species and numbers of sterns on the permanent 
quadrat were: 
Per.1ea tlnmhergii (23) 

Pasania edulis ( 4) 

Myrirn ruhra (3) 

Results and Discussion 

Castanopsis cuspidata var. sieholdii ( I 0). 

Quercus glaucu (3) 

Q11errns phil/_yraeoides (4). 

Elongation and diameter growth at Borneo are shown in 
Figs. I and 2. Growth behaviour at the species level was 
discussed in Meguro (1998) and Meguro & Miyawaki 
( 1997, in press). Sandoricum koetjape and Dracontmelon 
dew were the fastest growing species in this quadrat during 
the first five years. Shorea /eprosula was the fastest among 
the Dipterocarpaceae. S. ovata and S. mecistopteryx were 
more shade tolerant than S. leprosula. The tallest tree grew 
more than IO rn and the tree with the largest basal diameter 
was over 20cm at the base after five years. By contrast, the 
slowest growing tree was only I. I rn in height and 1.1 cm in 
basal diameter. 

Average height and basal diarneterwere5.7 mand5.6cm in 
this plot. Of course growth rates vary with species, richness of 
soil, and other environmental conditions. For example, S. 
leprosula is not likely to grow on dry soils. Dryobalanops 
beccarii prefers dry soils, and Tristania spp. prefer sandy soils 
(Anderson 1980; Meguro & Miyawaki 1997. in press). 
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Fig. 1. Height growth curve at Sarawak/Borneo. 

We next compare our tropical plot with observations 
from the temperate restoration project. Ogawa et al. ( 1965) 
have shown that weight of branches, stems and roots were 
linearly related to D2 H (after logarithmic transformation) 
in the tropical rain forest (D = DBH; His height). Kira & 
Shidei 1967 have shown that the relation is exactly the 
same for Japanese evergreen forest. 

Fig. 3 shows total D2 Hof all surviving trees per area at 
the restoration project site in Malaysia and in Japan. Two 
remarkable differences occur in this figure. First, growth 
rates accelerate more quickly in the tropics (at 300 - 500 
days vs. 1500- 2000 days at Tokyo Bay). Second. the slope 
of the line is steeper for the tropics than the warm temperate 
forest. The slope of the lines in this figure gives the produc
tivity in a unit area per time. The productivity in Malaysia 
and Japan as calculated from the slope of the lines was 27 .3 
and 16.6 ton/ha/yr, respectively. 

Most of the tree tissue consists of cellulose, hemicel
lulose and lignin. Assuming that cellulose (C6H 100 5)" is 
the main product of photosynthesis, we calculated the rate 
of fixation of carbon dioxide. Restored forests in Malay
sia fix carbon dioxide at a rate of 44.4 ton/ha/yr, which is 
1.64 x as fast as in the warm temperate forest in Japan 
with 27.0 ton/ha/yr. The time required to reach stable 
growth rates in Malaysia was also much shorter than in 
Japan. Therefore restoration in the tropics is very effective 
in terms of carbon dioxide fixation. Further clarification 
for these phenomena will require a numerical relationship 
between total D2 H and plant densities before and after 
canopy become closed, and data for sites with different 
species combinations. 
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Fig. 2. Growth curve in basal diameter at Sarawak/Borneo. 
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Fig. 3. Volume indicator D2H in Malaysia (tropical rain forest 
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Abstract. A recovery assessment based on phytosociological 
studies in the state of Negeri Scmbilan, Malaysia showed that 
the natural recovery (succession) is very slow for areas that 
were heavily logged and compacted, such as the sites formerly 
used as logging roads and timber landings during forest har
vesting. Only early-succession species such as Melastoma, 
Eupatorium and Paspa/wn inhabited these sites. Such sites 
have harsh environmental conditions, namely low nutrient 
levels, shallow and heavily compacted soil, and an unfavour
able microclimate, and it will take decades to recover to the 
original state. These sites and similar ones require intensive 
rehabilitation efforts. The sites that were harvested from 1963 
to 1973 with conventional harvesting techniques (under the 
Malayan Uniform System) have also shown a relatively slow 
recovery rate. The sites have small average coverage by emer
gent (super tree~ ST) trees, ranging from 7'7c to 13%, and only 
a few dipterocarps occupy this layer. On the other hand, the 
sites harvested in 1984 under the Selective Management Sys
tem recorded an average ST-layer coverage of 14% and fairly 
even coverage in the tree (dominant), tree understorey (co
dominant), shrub and herb layers. Due to the lack ofdipterocarp 
species in these forests, the forests require replanting of 
dipterocarp species to enrich them. 

Keywords: Mixed dipterocarp forest; Natural recovery. 

Introduction 

Over the years, the tropical forests in Peninsular Malay
sia have declined from 73% of the land area in 1966 to ca. 
61 % in 1970-1972 and to 49o/r in 1981-1982 (Nik Muhamad 
1995). According to Ahmad Zainal ( 1992), deforestation in 
Peninsular Malaysia increased from about 0.25 million ha 
per annum between 1981-1985 to 0.48 million ha in 1989. 
The major cause of deforestation has been the expansion of 
crop-tree plantations such as rubber and oil palm. 

Besides total deforestation (conversion), the remaining 
forest areas in Peninsular Malaysia are under constant pres
sure from commercial and illegal harvesting. According to 
estimates produced by the Ministry of Primary Industries 
Malaysia ( 1989), an average of 233 800 ha of forest land in 
Peninsular Malaysia was harvested annually from 1981-1987. 

With all deforestation, either total or in the form of 
commercial harvesting, the deforested areas require some 
kind of assessment as to their natural recovery and succes
sion. The Forestry Department in particular has put a lot of 
effort into this. One of the strategies implemented by the 
department is to carry out post-felling inventories one or 
two years after harvesting in all harvested forest areas. 

Another approach towards this objective that can com
plement the post-felling inventories is the regrowth assess
ment via the use of phytosociological vegetation studies. A 
regrowth assessment study was carried out in the state of 
Negeri Sembilan, Malaysia to assess the rate of natural 
recovery (succession) of the logged-over forest land. 

Material and Methods 

Description of the study area 
The study was conducted in Negeri Sembilan, Malaysia 

(Fig. I), which has 184 844 ha of forest area, of which 169 
202 ha are located in forest reserves (Anon. 1994 ). The 
majorities of these forests are classified as lowland and hill 
forests. Ever since independence ( 1957), the forests in the 
state have been managed firstly by the Malayan Uniform 
System (MUS) and currently by the Selective Management 
System (SMSJ. According to the MUS system, all mature 
trees of all species above 45 cm DBH are removed in a 
single operation. On the other hand, the SMS system was 
introduced to allow for more flexible forest harvesting 
regimes which are consistent with the need to safeguard the 
environment. Only a few trees above the diameter cutting 
limit (50cm for dipterocarp and 45cm for non-dipterocarp 
trees) will be harvested, leaving the residual for the future. 

According to the Drainage and Irrigation Department of 
Malaysia, the state of Negeri Sembilan generally receives 
an average annual rainfall of 2517 mm ( 1986 to 1992). The 
highest precipitation normally occurs during the months of 
March-May and September-January. The mean monthly 
temperature in the state ranges from 24.5 °C to 27°C. 

Research method 

Vegetation studies based on the method of Braun-Blanquet 
(Fujiwara 1987) were carried out over a period of two years 
(1997 to 1998) and covered several forests of different 
ages: primary forest, secondary and regenerating forest and 
severely degraded logged over areas. The studies will 
provide detailed information on: 
I. Percentage of vegetation cover in different layers: emer
gent trees (super trees = ST), dominant trees (Tl), co
dominant and intermediate trees (T2), shrubs (S) and herbs; 
2. Current status or rate of natural recovery (succession) of 
the forests harvested at different periods of time; 
3. Rehabilitation requirements for the logged-over areas 

35 phytosociological releves of different sizes (ranging 
from 120m2 to 3000m2) were made in several forest areas 
of different ages in Negeri Sembilan (Table I). 

/ 



' 

- Regrowth assessment in Negeri Sembilan, Malaysia - 253 

N 

PENINSULAR 
MALAYSIA t 

Kuala Lumpur 

I 
I 
I 
I 
I 
I 
I 

Negeri Sembilan 

' ' 

I 
I 

NEGERI SEMBILAN ·----------i 

I 
I 
I 
I 

I 
I 

' Pasoh FR 

" 
' ' I 

' 

I 
I 

' , \ 

' I 
Sert1ng FR,., '-... , .... - - .. J 

-... ,.,. ' 
, 

1 Berembun F~ 

', .,.1 
\ 

I 
, - - ', 

l ' 
Angsi FR' 

I 

'! 

Fig. 1. Location of the study sites. 

Results and Discussion 
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Forest areas that were used as logging roads and timber 
landings during forest harvesting recorded the lowest recov
ery of forest cover. The sites have not recovered any of the 
top layers, ST, Tl and T2. The sites only recovered the S- and 
H-layers, with a percent coverage of 67 to 90% and 20 to 
56%, respectively (Table 2). Table 2 also shows that the sites 
which were harvested in 1984-1986 and not used as road or 

Table 1. Location of the relevcs. FR= Forest Reserve. 

Forc~t area No. of rckvC\ Location 

Primary forc~t 

Forest harve"tcd in 1958 

Forest harvested in 1963-1964 

Forest harvested in 1970-1974 

Forest harvested in 1984-1986 (normal) 
Forest harvested in 1984 (deck) 
Forest harvested in 1996 

(normal and logging road) 

6 Bercmbun FR. Pasoh FR 
and Scrting FR 

6 Pasoh FR 

4 

Angsi FR and Pasoh FR 

Pasoh FR 

Pasoh FR 
Pasoh FR 

Pasoh FR 

landing attained a moderate ST-layer coverage of 14%. 
The sites that were harvested from 1963 to 1973 showed 

a relatively slow recovery rate. The sites exhibited an 
average coverage of ST of 7% - 13%, which could be 
considered as low to moderate. However, the recovery for 
T 1- and T2-layers was good. By far, the best recovery was 
recorded by the forests that were harvested in 1958-1959. 
The sites reported an average ST coverage of 24C/r which is 
comparable to that of the primary forests. The sites also 
recorded high coverage percentage ofT I- and T2-layers; in 
fact the cover of 57% for TI-layer exceeded that of the 
primary forests. 

According to the statistical analysis, there were signifi
cant differences between the coverage percentages of ST
and TI-layers of the 35 relevcs. On the other hand. there 
was no significant difference for the T2-, S- and H-layers. 

Species recovery 
As indicated by Table 3, the species recovery (succes

sion) is very slow for sites that were heavily logged and 
compacted, such as the sites previously used as logging 
roads and timber landings during forest harvesting. Only 
early-successional species of genera such as Me/astoma. 
Eupatorium, Paspalum, Trema, Musa and Ma/lotus are 
able to establish themselves on the sites. Such sites and 
similar ones with harsh environmental conditions will take 
decades to recover to the original state unless intensive 
rehabilitation approaches such as replanting of tree species 
are carried out to hasten their recovery. The approach taken 
must ensure the high survival rate of the planted seedlings 
on such sites. 

As mentioned earlier, the sites harvested from 1963 to 
1973 (under MUS) showed a relatively slow recovery rate. 

Table 2. Summary of regeneration and succession. MUS= Malaysian Uniform System; SMS = Selective Management System. 

Average Forest harvested in 
coverage at different 

forest layers: 1958 1963-1964 1970-1974 1984/1986 1984 1996 1996 
(normal) (deck) (normal) (road) Primary forest 

ST 24 7 13 1-1 () 0 0 25 
Tl 57 50 32 54 () 10 0 39 
T2 52 48 60 50 0 20 () 5-1 
s 45 54 61 59 67 50 90 68 
H 42 26 20 ,o 56 60 20 28 

Recovery rate good low medium medium very low low \·ery lo~ 
Management system MUS MUS MUS SMS SMS SMS SMS 



254 Mohd Zaki, H. & Fujiwara, K. 

Table 3. Summary of natural recovery and rehabilitation requirement. For layer symbols, see Text. 

Forest harve~ted in Primary forest 
1958 1963-1964 

Dominant ~pccic~ 
- ST- and Tl-layers Shorca lcpms11la Diplerocarpm Parashorl!a S1i·i11to11ia :,.,p. Dipreronirp1H cor1111f11.,· /111.\ia pall'lnhanica 

Slunn11nmcUlora ('OrllllfllS densiflora M,mo<·arpia Ho/H!(I dryohalanoides C_Y110111t'tra 

margina!i,· nw/(l(·,·ensis 
Shorea fat'l'is Mang(f"era sp. Shorea lem·i.,· Atmcarpu., lmrii Paraslwrea lucida Scaphium 

11/(/(TfJJ)Odtm 

S'/l()rn1 pan4olia /Jyem costuluta Shorea mw mptera Santiria t11111ento.w Shon'a mxfmrxhii Dimpyros sw1w1ra11a 

Shorea nuu roprera Parkia \})(Xio.w Shore,1 11111/r(florn 

Diptcrocarp:,., in S
and H-laycr:,.,: 

Shorea mtwroptera Sluwea panifot;a Shoreu 11wlr{flora Shorea cttrtisii SluHnt paw'ffltm1 Vt:aica odorato 
Shorca hprosufa Slu>rea 111ultUlt1m Shorct1 glauca Slwrea mauvpft'ra P(lraslwrea lucida Slwrea leprm11/u 
Hopt'll puht'scem Hopea heccariana Shorea lepm.rnlu Purwhorea dcnsiflora H,,pea dry,1halwwidt'S Slu1n>a hrw'fe11!ata 

Rehahilitation requirement: Recovery acceptable: 
No need for rehabilitation 

More time for Tl- and T2-layers 
to become ST 

Fore\t harvested in 
1970-1974 I 9H4- I 986 I normal I 1984 and 1996 ( deck & road I 1996 ( normal I 

Dominant ,pecic, 
in ST- and TI -layers /)iJJf(!rtJ('lllJ)llS 

gm11dfjl,1n1s 

Shorea curtisii 

Shorea 11111/lrUlora 
\'atica :-.p. 

S(·aphiu111 
ll/(l('/"()JJ<)(ltlll 

Shorea laet•is 

Shon'll lcpro.Hila 

Shorea ma.1 wel!iana 

Shorea 111m roptcm 
Hopea p11h('.,co1, 

Srromlmsia maingayi 
Baccm1rea retil·ulara 

Millettia atropurpurea 

MangU'era imhca 
Macaranga pJgantea 

S/u,rea 111m-ro1H1do11 

Anth<n·ephalus 
chi11ensis 

Sapium hw·1·atu111 

S- and H-laycr, only Eugn1ia grwu!i., 

Melmtoma ,p. Shorea macmpodon 

Tremt1 sp. Shorea hacca111111 

Mallotlt.\ :-.p. Endmpemmm 
Pmpalum :-.p. ma/accense 
1:·11patori11111,p. 
Musa :-.p. 

Dipterocarp:-. in S
and H-laycr,: 

Shorca curtisii 
Slu1rea m11/rfjhm1 

Vtlfi((/ :-.p. Dipten1c·a11n1., 

oh/ongU,1lic1 

Dipterou111ms comufll.\ 
Slu,rea pw1cfllom 

Hopea p11he.\ce11.\ 

Shorea macroptera 

Slwrca 11111/rUloru 

none Shoreu hracteolala 

Shorelt paw·Ulora 

Rchahilitation requirement: More time for T 1- and T2-laycr:-. 
to become ST 

This phenomenon might have been caused by the manage
ment technique (MUS), which encouraged the harvesting 
of all timber above a minimum cutting limit. Usually most 
of these sites were stocked with trees bigger than the 
minimum diameter cutting limit, resulting in most of the 
trees being cut leaving behind only smaller trees and sap
lings. Since the emergent is sparse (canopy cover of 7% to 
13%) in the stands harvested from 1963 to 1973, only a few 
dipterocarps, such as Dipterocarpus f?randiflorus, Para
shorea dens/flora and Shorea leavis are found occupying 
the layer. These stands require a few more years for the 
dipterocarps from the lower canopy layers to reach the 
dominant and emergent sizes. 

The sites harvested ca. 38 yr before the studies (har
vested in 1958 and 1959), have recovered towards their 
natural states before the harvest. The ST- and TI -layers of 
these stands are dominated mainly by dipterocarps, such as 
Dipterocarpus cornutus, Shorea acuminata, S. laevis, S. 
leprosula and S. macroptera. The other species are Dyera 
costulata, Mangifera spec. and Parkia speciosa. The domi
nant cover of diptcrocarps in the upper layers resembles 
that of the primary forests in Negeri Sembilan. These 
stands are also relatively rich in dipterocarp saplings and 
seedlings (S- and H-layers). 

The sites harvested from 1981 to 1984 have recovered 
fairly well, with a moderate average coverage of ST layer of 
14 7c. The selective felling (under SMS) that was practised 
during the harvest could have contributed to the fast recov
ery of the sites. SMS advocates a choice between different 

Replanting of 
diptcrocarp specie:-. 

Very inten,ivc 
replanting 

Replanting of 
diptcrocarp :-.pccic, 

management options based on the pre-harvesting inven
tory of stocking levels to determine the minimum diameter 
cutting limits and species selection for harvesting. Only a 
selected portion of the stand was harvested leaving the 
residue for future harvest (Anon. 1997). Due to the smaller 
number of trees harvested, the harvesting damage on the stand 
is also minimal, allowing the stand to recover fairly fast. 

Even though these stands have a fair coverage of the ST
and Tl-layers, the number of dipterocarps in these layers is 
few. The two layers are mainly dominated by non
dipterocarps, such as Mil/ettia atropurpurea, Mangifera 
indica. Sapium baccatum, Strombosia maingayi, Scaphium 
macropodon and Baccaurea reticulata. The presence of 
Macaranga gigantea andAnthocephalus chinensis in these 
stands is indicative that these stands are at the early phase 
of a middle-succession period. Since the number and cov
erage of dipterocarps is relatively small, these stands could 
be planted with some dipterocarps to enrich them. 

The stand harvested in 1996 under SMS has an average 
coverage of the Tl-layer of I 0% and the T2-layer of 20%. 
The non-dipterocarps such as Eugenia grand is, Endospennum 
malaccense, Scaphium macropodon and Sapium baccatum 
dominate these two layers. The presence of dipterocarps is 
small with only Slwrea leprosula, S. bracteolata and S. 
pauciflora present in the T2-, S- and H-layers. As in the 
sites harvested from 1981 to 1984, this stand requires 
replanting of dipterocarp species to hasten its recovery. 

/"' 
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Conclusions and Recommendations 

The following conclusions and recommendations can be 
stated from this study: 
I. Phytosociological vegetation studies arc useful to eluci
date the actual status of the natural recovery (succession) of 
deforested areas. 
2. The forest which was managed under the old system 
(Malayan Uniform System) requires more time for its 
natural recovery. On the other hand, the forest managed 
under the Selective Management System has recovered 
fairly well in a short period of time. 
3. The stands which were heavily logged and compacted 
require intensive replanting to hasten their recovery to the 
natural state. 
4. Some stands, especially the ones harvested from 1980 to 
1996, still require some replanting of some species from 
the dipterocarp family to enrich these stands. 
5. It is recommended that further analyses be made on the 
data from the vegetation studies, previous logging and pre
felling inventories to elucidate the degree of closeness or 
difference of the recovering forests from the natural state. 
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Abstract. The natural grassland vegetation type in South 
America known as campos has most likely evolved under a 
disturbance regime that always included fire and grazing. Fire 
has occurred with a decreasing intensity and increasing fre
quency for the last 13 thousand years, while grazing increased 
intensity and frequency mainly in the last 400 yr. We con
ducted a field trial to evaluate the effects of fire and grazing 
disturbances on a grassland area at Santa Maria in the state of 
Rio Grande do Sul. Transects of contiguous quadrats were 
arranged in a factorial design (burned or not burned in late 
winter, grazed or excluded). Data on visual estimates of species 
aboveground biomass were subjected to ordination. In the first 
two years, vegetation trajectories on ordination space were 
similar in direction and magnitude for burned and unburned 
relcvcs within the ,ame grazing regime. Most variation in 
species composition was due to grazing regime and landscape 
position. We used randomization testing to evaluate differ
ences on vegetation state and on vegetation change (magni
tude and direction or only magnitude of change). The tests 
indicated no significant short-term effects of fire and grazing 
and their interaction. This could be indicating an apparent 
resilience of the species composition, supporting the hypoth
esis that the campos vegetation is in a steady-state dependent 
on grazing and fire disturbances. 

Keywords: Campos; Clustering; Fire; Natural pasture; Princi
pal Coordinate Analysis; Randomization test; Succession. 

Introduction 

Campos vegetation, a type of natural grassland, covers 
at present ca. 120 000 km2 in the state of Rio Grande do 
Sul. Southern Brazil, which corresponds to about half of 
the state's area. In the 17th century, during the establish
ment of the Jesuit missions on the eastern side of the 
Uruguai river, cattle and horses were introduced (Kern et 
al. 1991) and large ranches ('vacarias') were run by local 
farmers. Since then campos vegetation has been the major 
support for a cattle ranching economy. Fire is regularly 
used in late winter when ranch management is such that 
excessive biomass accumulates during the growing sea
son, and gets senescent by the next spring. In the last three 
decades a large proportion of areas with campos vegeta
tion has been allocated to cropland. Sometimes crops are 
cultivated on a rotational basis in which the natural grass-

land recovers during the few years the land is left fallow 
but grazed (Pillar & Quadros 1997). 

An interesting question is whether fire has always been 
an element of the natural campos ecosystem, and intensi
fied after the arrival of humans in the region around 12 000 
-13 000 B.P. (Kern et al. 1991 ). The fire history in southern 
Brazil is not well known, but recent findings in the mixed 
Araucaria-broadieaved forest region in Parana (Behling 
1996), which shows a similar mosaic of forest and campos 
as in Rio Grande do Sul, indicate that the frequency of fires 
increased at the beginning of the Holocene, and that they 
were likely anthropogenic. This finding further supports 
the idea that the pre-Colombian anthropogenic influence 
on the vegetation, including dissemination of naturally 
occurring plants, should not be overlooked (Schille 1990; 
Dean 1995). 

However, there is no indication that natural fires in 
grassland were rare in South America before the arrival 
of man. A high frequency of fires was detected since 35 
000 B.P. in a mountain region in Sao Paulo, which was 
dominated by campos until the end of the Pleistocene 
(Behling 1997). It is quite obvious that the grazing 
intensity of grassland areas increased after the introduc
tion of domestic cattle, resulting in a reduction of the 
number of areas with enough fuel accumulation for 
extended naturally ignited fires. Furthermore, when 
grassland is left ungrazed for a long time fuel accumu
lates and any fire tends to be much more intense, being 
capable of burning plant types that would not burn under 
a low intensity fire, such as forest trees invading grass
land (Pillar & Quadros 1997). 

The campos, even the areas dominated by shrubs, are fire 
prone if sufficient senescent biomass has accumulated. The 
rate of senescence of older leaves in grasses increases 
during dry spells. Furthermore, senescent leaves of tall 
tussock grasses in general remain attached to the plants, 
increasing flammability of the whole plant (Bond & van 
Wilgen 1996). Accumulation of biomass, and therefore 
flammability levels, are related to grazing regimes (Bond 
& van Wilgen 1996). Ranchers usually adjust the stocking 
rate of pastures on the campos on the basis of the carrying 
capacity during the winter. The consequence is more accu
mulation of ungrazed biomass during the main growing 
season in the spring and summer. 

From these facts we hypothesize first that vegetation 
dynamics in campos subjected to fire and grazing should 
follow non-directional trends, reflecting a disturbance
dependent steady-state. Secondly, exclusion of grazing and 
fire should produce clearly directional vegetation change. 

Methods 

The experiment was set on the Animal Science Depart
ment experimental area at the Universidade Federal de 
Santa Maria campus, at 29°45'S and 53°45'W, 95 m above 
sea level. The climate is wet subtropical (Cfa) with a mean 
temperature of 19.2 °C and a mean annual precipitation of 
1769 mm. Frosts occur from April to October. The soil is a 
hapludult, in the convex slope, and a albaqualf, in the 

--------~,.. 
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concave slope (Anon. 1994 ). 
The disturbance factors fire and grazing were combined 

in four treatments: ( l) burned, grazing exclosure; (2) burned 
and grazed; (3) not burned, grazing exclosure; ( 4) not 
burned but grazed. These were replicated in two landscape 
positions (convex slope, concave slope) in transects of 30 
contiguous quadrats (0.5 m x0.5 m). Treatments (I) and (2) 
were burned on August 1995. 

Aboveground biomass by species was estimated via 
double-sampling field procedures of BOT ANAL (Tothill et 
al. 1992). The available biomass was visually estimated 
with a rank-assignment to the species, according to the 
program's multipliers algorithm which was calibrated by 
cutting quadrats with similar biomass. Exploratory data 
analysis used sum of squares clustering and principal 
coordinates analysis (see, i.a., Podani 1994 ). Randomi
zation testing compared treatments on the basis of species 
composition (Pillar & Orl6ci 1996). All analyses were 
performed by MULTIV software (Pillar 1997). The data 
included the period from August 1995 (prior to burning) 
to December 1996. 

Results and Discussion 

Prior to the application of the treatments, we observed 
low variance between the sampling units within each land
scape position, except for one of the transects in the con
cave slope, that was closer to gallery forest. Trajectories on 
vegetation composition from the first until the last evalua
tion of the same sampling unit can be observed in the 
ordination diagram (Fig. I), which comprises 83.6 % of the 
total variation. The grazed quadrats, regardless of the burn
ing treatment, follow similar directions and have the long
est trajectories. 

Based on the species with the highest correlation with 
the two axes, we can say that grazed units started from a 
state with dominance of Andropogon lateral is, Erianthus 
asper and Aristida laevis, three tussock grasses, and arrive 
at a state characterized by the dominance of prostrate 
species such as Paspalum notatum, Dichondra sericea and 
Desmodium incanum. Exclosure units showed a more ir
regular behaviour and had shorter trajectories in ordination 
space. This did not agree with observations of directional 
changes in the community composition after grazing ex
clusion in campos vegetation as in Boldrini & Eggers 
( 1997) and Face Iii & D' Angela ( 1990). 

The explanation of these features may be found in the 
behaviour of the grazing animals and in the measures that 
were taken. The paddock where the experiment was ar
ranged had a low grazing pressure before the beginning of 
the evaluations, leading to fuel accumulation that allowed a 
successful burning treatment. The burned area comprises 
ca. 4 ha surrounding the grazing-excluded and unburned 
areas. This leads to a higher grazing frequency and inten
sity in this area due to larger availability of the regrowth 
leaves after burning. We evaluate aboveground biomass by 
species, and as the grazing pressure rises the prostrate 
species increase their share, notwithstanding the tussock 
grasses still being present. albeit with a lower contribution. 

Fire and grazing removes herbage and both can be seen as 
'herbivores', opening gaps at the start of the growing season, 
hut the last does it selectively and more frequently. Plants 
resprouting or emerging in burnt or grazed areas receive 
higher light intensity and red/far-red ratio, that promotes 
tiller formation in grasses and branching in dicots, with 
shorter intemodes and more horizontal angles (Noy-Meir 
1995). This favours the prostrate species mentioned above, 
in contrast with lower radiation in the undisturbed sites, 
where tall erect shoots of tussock grasses were enhanced. 

We compared the species composition of the treatments 
in the last survey by randomization testing. The analysis 
used all I 00 species that were detected. The test indicated 
that the effects of fire (P < 0.76), grazing (P < 0.09) and its 
interaction (P < 0.7) were not statistically significant, but 
the lower probability of the grazing effect was indicative of 
the relevance of this disturbance factor. These findings 
agree with those of Castilhos & Jacques ( 1984 ), Dame et al. 
(]996) and Kersting (1994), who found no significant 
effect of fire on similar vegetation in the same region, and 
those of Coutinho ( 1994) regarding fire on Brazilian 
rangelands. 

An expected interaction between fire and grazing - as 
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Fig. 1. Grassland vegetation composition trajectories in the 
ordination plane (Principal Coordinates Analysis). The resem
blance measure was Euclidean distance, standardized by the 
transection totals. The numbers indicate initial releves (Au
gust 1995), before the treatments were applied, and two relief 
positions (I= convex slope; 2 = concave slope). The letters 
point to the final rel eves (December 1996 ). The treatments are 
explained in the legend. The species are placed in the diagram 
according to their correlation r > I 0.5\) rescaled with the axes. 
Numbers in brackets indicate o/c of total variation for each axis. 



258 de Quadros, F. et al. 

was found in tall-grass prairie (Collins 1990) and Mediter
ranean grasslands (Noy-Meir 1995) - may not be detected 
in the short term because the releves have a similar man
agement history before the treatments were applied. 

Our study could have shown that campos vegetation 
developed resilience strategies to these disturbance factors, 
or the results may be attributed only to the short term of the 
trial, limiting any conclusion about succession. 

The latter observation showed us that more study in this 
area is needed and indicated the necessity of testing predic
tion models of vegetation dynamics. One possibility is the 
use of Markov chains as evaluated by Orl6ci et al. ( 1993) 
and Quadros & Pillar (1999). 

Preliminary conclusions 

As we conjectured. the campos vegetation in the short
term appears to be in a steady-state, with a chaotic dynam
ics. However, a resilient behavior to this disturbance ele
ments in the long term could not be proved yet. 
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Abstract. Ecologically, tropical Arabia is closely related to 
NE Africa, but lack of information necessitated White to 
exclude it from his Vegetation Map of Africa. White's map has 
frequently been used as a basis for environmental planning. 
During the last decade various floristic and vegetation studies 
have been carried out in Arabia, resulting in, i.a. our l :500000 
vegetation map of Yemen (western part). This map contains 32 
legend units based on physiography, altitude, vegetation struc
ture and floristic composition. In an accompanying booklet, 
climate, geology and land use have been described. In the 
north, these mapping units have been matched with units of 
the I: IM vegetation map of SW Saudi-Arabia whereas flora 
and vegetation analyses of Oman and E. Yemen have guided 
their extrapolation into the east. A discussion is presented on 
the phytogeographical position of tropical Arabia. The result
ing preliminary legend of the future I: SM vegetation map of 
tropical Arabia has been standardized to White's map with the 
help of more detailed vegetation maps of NE African coun
tries. Additional satellite image interpretation and field checks 
in E. Yemen and Oman should complement this legend to 
finalize the vegetation map of tropical Arabia. 

Introduction 

Ecologically, tropical Arabia is closely related to NE 
Africa (Schweinfurth 1891; White & Leonard 1991 ). With 
the completion of the I :5M vegetation map of Africa 
(White 1983), the Arabian peninsula was omitted. how
ever, because of lack of sufficient information (White & 
Leonard l 991 ). Recently, a I :5M vegetation map of tropi
cal mainland Asia was published (Blasco et al. 1996) and 
with similar maps available of tropical America and SE 
Asia (Anon 1981; Whitmore 1984), Arabia fills a con
spicuous gap on the global tropical vegetation map. Danin 
et al. ( 1992) intended to prepare a phytogeographic map of 
SW Asia, including Arabia, but have ceased their efforts 
(Danin, in litt. l 997). The need for a map of tropical Arabia 
is shown by the frequent use of White's vegetation map as 
instrument for conservation planning (e.g. MacKinnon & 
MacKinnon 1987). To cite only one example of this neglect 
of tropical Arabia ecosystems, in a recent study on succulents 
and their habitat conservation (Oldfield 1997), White's 
map was used as a basic map, resulting in the omission of 
SW Arabia, one of the main centres of succulent distribu
tion (Ellenberg l 98 l; Newton 1980). Since the appearance 
of the vegetation map of Africa in l 983, vegetation maps 
were produced of SW Saudi Arabia (Konig 1987) and 
western Yemen (Scholte et al. l 991 ). For the eastern part of 
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tropical Arabia, vegetation descriptions of Dhofar and the 
Hadramaut appeared (Radcliffe-Smith l 980; Sale 1980; 
Gabali & Gifri l 99 l ), as well as a map of the vegetation 
zones of Oman (Ghazanfar 199 l ). The study of the Arabian 
flora was further boosted by the ongoing production of the 
Flora of Arabia resulting in, amongst other things. a series of 
phytogeographical analyses (Miller & Nyberg 1991; White 
& Leonard 1991; Ghazanfar 1992). Based on this new 
information, I would like to present a compilation of map 
legends as well as vegetation and landscape descriptions, in 
preparation of a l :SM vegetation map of tropical Arabia. 

Material and Methods 

Konig ( 1987) indicated, without further details on the 
methods applied that his I: l M map is based on Landsat 
images ( 1972-1973). He described the distinguished plant 
communities. but not the mapping units in which they 
occur. The l :500000 map of Scholle et al. ( l 991) is based 
on a combination of Landsat ( l 972-1973) images and more 
detailed and recent SPOT images ( l 983-1986). It followed a 
physiographical approach (Zonneveld l 988) and is based on 
detailed studies in each of the eight main landscapes with 
additional field checks elsewhere. The legend of 32 units is 
hierarchically composed, with physiography as first, altitude 
as second and vegetation structure and composition as third 
entry. In an accompanying booklet, climate, geology and 
land use was described for each unit. Because of the wide 
variety of vegetation types occurring in Yemen, more than in 
any other part of the Arabian Peninsula, this map has been 
used as starting point for the comparison with the other maps 
and vegetation descriptions. 

To interpret the mapping units of White ( l 983) and their 
relevance for the Arabian situation, I included a compari
son with vegetation maps from the African Red Sea shore. 
Limited details for Djibouti and Somalia were given on the 
vegetation map of Africa (White 1983 ), that is based on the 
more, detailed 1 :SM scale map of Pichi-Sermolli ( 1957). 
More recently, detailed information has become available 
for Djibouti (Audru et al. I 987), whereas Hemming ( l 998) 
compiled studies on Somalia. Unfortunately, Hemming's 
descriptions did not match the accompanying map; there
fore it was excluded from the overall legend comparison to 
be presented below. 

Discussion was raised on the classification of African 
vegetation, for which the physiognomic concepts used by 
White (I 983, l 993) do not provide sufficient clarity ( e.g. 
Lawesson 1994 ). For the vegetation map of Yemen, Scholte 
ct al. ( 1991) developed a structural typification, based on 
van Gils & Wijngaarden (1984). Tree and shrub cover 
determined the physiognomy and in case they did not reach 
l %, dwarf-shrub and grass cover determined the units. 
When the cover of the latter categories was lower than I % 
as well, the area was called 'bare land' (Fig. I). Woody 
plants are divided into trees (> 3m), shrubs ( I - 3 m) and 
dwarf-shrubs ( < l m), in order to differentiate the rare units 
where trees are present. This classification will be followed 
in the present study, although reference will be made to 
White's concepts given its wide application. 
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Fig. 1. Vegetation structure diagram (after Scholte et al. 1991 ). 

Results and Discussion 

General 
In Table I, presented at the end of the contribution, 

legends of the studied maps are presented in order of 
correspondence. In a few cases no corresponding units 
were found, which is indicated by 'no equivalent'. For the 
proposed legend for tropical Arabia the comparison results 
in four physiographic/altitude units subdivided into eight 
units based on vegetation structure. This should be com
pared with IO corresponding units of the African vegeta
tion map, based on chorology and physiognomy (White 
1983 ). Neighbouring units, in the interior of the desert 
outside tropical Arabia, correspond with the 'psammo
philous' unit of White ( 1983 ). Future fieldwork may bring 
the number of legend units for tropical Arabia to IO when 
areas not yet well surveyed in the Jol/Hadramaut and 
Dhofar justify this. 

Phytogeography of tropical Arabia 
Limits of the study area. Arabia is widely considered as a 
crossroad of phytogeographical regions of the African and 
Asian continent and the Mediterranean Basin and has in
trigued botanists since the first explorations (Engler 1925; 
Lavranos 1975). According to Zohary ( 1966) the northern 
limit of the Sudanian region should be drawn somewhat 
north of the Tropic of Cancer, with latitudinal zigzags and 
interdentations ranging from the 24-30° N. I have taken a 
somewhat more restricted interpretation of 'tropical', ex
cluding the Saharo-Sindian zone of White & Leonard 
( 1991 ), or the Nubio-Sindian equivalent of Zohary ( 1966), 
to which the majority of the inland Arabian vegetation 
communities belong. Tropical Arabia is therefore consid
ered to be limited in the north by the line Jeddah -Medina, 
i.e. the northern part of the area in SW Saudi-Arabia 
covered by Konig ( 1987). 

Ki.irschner ( 1986) and Ghazanfar ( 1991) showed the close 
resemblance of the Omani vegetation with extratropical 
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mainland Asia, i.e. Iran and Baluchistan. The Nubo-Sindian 
local centre of endemism is, according to Ghazanfar ( 1992 ), 
restricted in Oman to the northeastern region that excludes 
its occurrence further west in Arabia, as suggested by 
White & Leonard ( 1991 ). I follow Ghazanfar ( 1992) with 
the designation of the inner parts of Oman and Yemen, 
implying that the remaining part of Yemen belongs to either 
the Arabian/Saharan regional subzone of the Saharo-Sindian 
regional zone, the Somali-Masai regional centre of ende
mism, or to the Afro-montane regional centre of endemism. 

A point of discussion is the inclusion of the Medium 
altitude Eastern Mountains of Scholte et al. ( 1991) into the 
Somali-Masai regional centre of endemism, or, alterna
tively, into the Saharan regional subzone (Ghazanfar 1992). 
The presence of several typical Somali-Masai species ( e.g. 
Acacia caupoptila, A. etbaica, A. orfota, Commiphora 
habessinica, Dracaena serrulata) and its strong resem
blance to the Medium Altitude Western Mountains justifies 
the inclusion of the Medium altitude Eastern Mountains in 
the Somali-Masai regional centre. Wood ( 1997) also sug
gested that the tropical African element dominates in the 
Eastern Mountain range. White & Leonard ( 199 l ), how
ever, indicated on their maps the Medium Altitude Moun
tains as well as the northern Hadramaut area in Southern 
Yemen as belonging to the Nubo-Sindian local centre of 
endemism (or, as I indicated above, in the Saharan regional 
subzone of Ghazanfar 1992). As such it is comparable to 
the drier parts of the Tihama coastal plain and Tihama 
foothills, which none of these authors have indicated as 
belonging to this zone. Nevertheless it is clearly a transi
tion zone towards the easterly located Arabian regional 
subzone (Ghazanfar 1992), and their equivalents on the 
African mainland (coastal desert and hammadas and regs) 
have been clearly distinguished. 

I propose, for pragmatic reasons, to omit the Saharan 
regional subzone of Ghazanfar ( 1992) as zone as such, and 
only to use the distinction between the Somali-Masai re
gional centre of endemism and the Arabian regional subzone 
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(Ghazanfar 1992) of the Sahara-Sindian regional zone 
(White & Leonard 1991 ). Instead, floristic elements of the 
Saharan regional subzone can be distinguished in many 
vegetation types throughout the area with species such as 
Acacia tortilis, Aervajavanica, Calotropis procera, Cassia 
italica, Occharadenus baccatus and Ziziphus spina-christii. 

White & Leonard ( 1991) included the Central Oman 
coastal area, indicated as Saharan regional subzone by 
Ghazanfar ( 1991 ), into the Somalia-Masai regional centre 
of endemism. This contradicts Ghazanfar ( 1992) and Zohary 
( 1966) who considered the strip of desert between the 
Dhofar Mountains and the Oman Mountains an effective 
plant barrier of plant distribution into the east. I consider 
the Dhofar mountain range as the most easterly boundary 
of the Somali-Masai regional centre of endemism, and as 
such the most eastern part of tropical Arabia. 

Distinction ofAfromontane archipelago-like regional cen
tre of endemism with the Somali-Masai regional centre of 
endemism 

Our surveys in the Western Mountains of Yemen showed 
the major changes in vegetation composition and structure 
which take place at a surprisingly constant altitude of 1800 m. 
Predominantly annual grasses and Acacia and Commiphora 
shrubs disappear and perennial grasses and dwarf-shrubs 
take over. In the subhumid areas around Ibb and Mahwit, 
with an average rainfall of > 800 mm/yr, this boundary was 
found at an altitude of ca. 1600 m (Scholte et al. 1991 ). 
According to White ( 1983 ), most Afromontane communi
ties are found only above 2000 m, but where the climate is 
more oceanic they can occur as low as at 1200 m. Across 
the Red Sea, the Juniperus excelsa Day forest in Djibouti, 
at an altitude of 1200-1600 m, close to the sea, is situated in 
a typical Afromontane zone (see also Audru et al. 1987). 

The distinct Dhofar mountains, despite their proximity 
to the ocean, are too low ( < 1000 m) to be part of the 
Afromontane region. Only Jabal Semhan reaches more 
than 2000 m, but because of its aridity. Afromontane ele
ments are expected to be restricted, as was observed in the 
Eastern Mountains of Western Yemen (Scholle et al.1991 ). 
The same can probably be said of the Joi plateau that 
reaches an altitude of 2000 m, but future fieldwork should 
confirm these assumptions. No Afroalpine zone can be 
distinguished as the highest mountain on the Arabian Pe
ninsula, Jabal Shu'ayb in western Yemen is lower than the 
lower limit of ca. 3800 m (White 1983 ). 

Links with NE Africa 
Since the first botanists visited SW Arabia, the similarity 

in flora between NE Africa and SW Arabia was expressed 
(Schweinfurth 1891; Engler 1925; Newton 1980; White & 
Leonard J 991 ). Engler ( 1925) stressed, however, also a 
number of differences in climate and geology between both 
sides of the Red Sea. The lower mountains in Eritrea are 
subject to winter rains, which are absent from Yemen. 
Engler ( 1925) argued that granite mountains dominate the 
African part whereas volcanic dominates the Arabian part 
(note however the conspicuous presence of granite moun
tains such as J. Bura and J. Milhan in the Yemen Western 

Mountains). This contradicts the conclusion of Beydoun 
( 1972) who just stressed the similarity in geology, more in 
the Western part (Western Yemen and Eritrea/Tigray) than 
in the part he examined (northern Somalia and Eastern 
Yemen). 

Conclusions 

The present study aims at preparing an extension of the 
vegetation map of Africa, of which the methodology was 
followed as much as possible. It also fits in the recent 
initiative of a Russian team that is presently preparing a 
I :4M vegetation map of Asia (Safronova et al. 1997). In 
their classification, tropical vegetation is distinguished from 
extra-tropical vegetation, on the highest hierarchical level. 
Secondly, high mountains are distinguished from plains 
and low plateaux, which despite a higher boundary (3000 
m, Safronova pers. comm. 1998 ), corresponds to the pro
posed legend for tropical Arabia. On a lower hierarchical 
level, major differences occur, which should be the subject 
of future discussions. 

As insufficient information was available for the 
Hadramaut and Mahra areas in the eastern part of Yemen, 
an exploratory survey, based on additional satellite image 
interpretation, is planned for 2000 which may result in 
some changes in the legend proposed. Subsequent contacts 
with Arabian vegetation scientists will be exploited in 
preparing the I: SM vegetation map of tropical Arabia. 
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Fig. 2. Total number of settled grid cells for all species monitored. Gains and losses refer to the change in number of settled grid cells 
between 1992 and 1996. Pb= Polygonum historta, Ma= Meum athamanticum, Ns = Narc/us stricta, Am= Amica montana, Rm = 
Rhinallthus minor, LI = Lathrrus linif<1lius, Vt = Viola tricolor, Ch = Canlaminopsis hal/eri, Sp = Succisa pratensis. Dd = Diantlws 
de/toides, Vp = Viola pa/ustris, Lm = Lilium martagon, Rp = Ranw1rnlus p/atanifc1/ius, Pv = Polrgala 1•ttlgaris, Tp = Thesiu111 
prrenaicum, Lf = Lychnisflos-cuculi. Ve= Viola canina, Ha= Hieraciwn aurantiacwn. 

Harz project, neither an invasion of disturbance indicators 
was encountered, nor of weeds or of intruders from the 
edges. This favourable result was mainly due to the careful 
transplantation technique which transferred the sods piece 
by piece and reduced disturbance to a minimum. However. 
even with this immense expenditure of time and money, the 
technique may not be successful with other vegetation 
types. The conditions in the Harz project have also been 
very favourable with respect to climate. High precipitation 
during the transplantation period, which is the rule at 600 m 
a.s.l. in this part of the Harz mountains, provided optimal 
conditions for the meadows to continue growth after being 
transferred to the target area. On the other hand, water was 
not too abundant. Montane meadows are comparably easy 
to transplant because they are not dependent on ground
water. Transplantation projects of communities which are 
influenced by ground-water have been far less successful 
(cf. Kkitzli 1975; Kliitzli & Keel 1976). 
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Abstract. Plant composition and seed bank of a species-rich 
arable weed community were sampled in an arable wheat field 
in the Yaucluse (southeastern France). The results showed that 
seed bank distribution and plant composition are primarily 
influenced by distance from the field boundary rather than soil 
characteristics or wheat density. These patterns were true for 
the boundary species but not for the typical segctal species in 
Mediterranean fields. 

Keywords: Arable field: Distribution: Yaucluse. 

Nomenclature: Tutin et al. ( 1964-1980). 

Introduction 

In the last few decades. species diversity of arable fields 
in Western Europe has decreased substantially (Aymonin 
1962: Holzner 1978: Olivereau 1996: Dalmas 1997). The 
main reasons for this decrease are likely to be herbicide 
treatments for weed control and the increased use of ferti
lisers in recent decades (Dekker 1997). The field bounda
ries are commonly perceived by land owners to be a haven 
for weeds. pests and disease (Marshall & Smith 1987). 
However. informal observations suggest that crop hedges 
(headlands and corners of arable fields) tend to be areas 
with high botanical diversity and previous surveys have 
also supported this view (Marshall 1989: Wilson & 
Aebischer 1995 ). 

In this study, arable weed distribution in relation to 
distance from the field boundary was monitored in an 
arable field which is located in southeastern France. The 
aims of this survey were primarily to examine the relation
ship between the distribution of arable weeds and distance 
from the field boundary as well as to understand the impor
tance of soil conditions and seed banks in the spatial 
variability of aboveground vegetation in a region where 
traditional extensive arable management still exists. 
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Methods 

An arable field was chosen which had been planted with 
a winter wheat crop in October 1997 but which had not 
received any herbicide treatments. This field was located 
near a farm in the Luberon regional park, Vaucluse (5° 26' 
E, 43° 55' NJ. southeastern France. The soil was calcareous 
with a large amount of clay. The field was previously 
cultivated with cereals (winter wheat in 1995 and barley in 
1996) and has never received any herbicide treatments 
since the first ploughing of an old field several years ago. 
This management is not a special case and could be com
pared with the management of most of the arable fields in 
this study area (Dutoit et al. 1999). 

Anafrsis of'the aboveground \'egetation 
Five transects were laid out perpendicularly from the 

field boundary to the middle of the crop (25 m), in an arable 
field of 50 m x 50 m with sampling points located at 1-m 
intervals along each transect ( 125 quadrats). The transects 
are starting just near the stripe bordering the arable field at 
the beginning of the crop edge. The direction of ploughing 
was parallel to the field boundary and the crop edge inves
tigated was not a headland. The transects were positioned 
away from the corner of the field to avoid any possible 
variation when compared with the other sides of the field. 
In May 1998. all dicotyledons and grass weed species 
seedlings were identified at each point in a 1-m2 quadrat 
and counted in a 400-cm2 subquadrat positioned in a corner 
of the l-m2 quadrat. Wheat density in the 400-cm2 quadrats 
was estimated by counting the individuals. 

Analysis of' the soil seed bank 
The soil seed bank was sampled in January 1998. Soil 

cores were taken using a cylindrical steel tube with a 2-cm 
radius ( cross-sectional area 12.5 cm2 ) to a depth of 30 cm, 
representing approximate ploughing depth. A total of 125 
(5 x 25) soil samples and quadrats was examined. 

The number of seeds in the soil samples was determined 
by allowing viable seeds to germinate (Roberts 1981 ). 
Each soil core was broken down. placed on a 2-cm layer of 
sterile coarse sand in separate trays (45 cm x 30cm x 8cm), 
kept in an unheated greenhouse for six months and watered 
if necessary. Each tray was stirred at two week intervals 
and emerging seedlings were counted and removed or 
replanted for later identification. 

Enviro11111e11tal 1·ariables 
Spatial variability in the weed seed bank was related to 

the following physical and chemical characteristics of the 
soil: I. Porosity; 2. pH (H20) Soil pH was determined in a 
slurry with water using a glass electrode. 3. Nitrogen and 
carbon were analysed using respectively Kjeldahl and Anne 
Methods. For K. P, Mg. and Ca three soil samples were 
taken in January 1998 for each of the five transects. Analy
sis of extractable K20, P20y MgO and CaO was performed 
by atomic absorption spectrophotometry after extraction 
with ammonium acetate and EDTA (pH= 4.65). 
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Statistical analysis 
Using ADE software, (I) Principal Component Analysis 

(PCA) was performed on a [8 variables x 15 samples] 
matrix to identify the main soil gradients involved in the 
distribution of arable weed communities. (2) Two Corre
spondenceAnalyses (CA) were performed on the [25 quadrats 
x 62 species l matrix of the above ground vegetation and the 
[25 quadrats x 40 species] matrix of the soil seed bank to 
compare the composition and structure of the arable weed 
community according to distance from the field margin. A 
pair co-structure analysis was also used to compare the 
differences between the distribution of soil seed banks and 
the aboveground vegetation (Torre & Chessel 1995). Species 
richness, density, diversity (Shannon index) and evenness 
for the seed bank and above ground vegetation were ana
lysed according to distance from the arable field margin 
using the ANOVA test. Comparison of these dependent 
variables with the environmental variables was made using 
simple linear regressions (STATVIEW software). 

Results 

76 species were identified, 62 in aboveground vegeta
tion, 40 in the soil seed bank and 26 species in both. In the 
Luberon Regional Park 16 species could be considered to 
have segetal characteristics based on Guende & Olivier 
( 1997). S0rensens index value ( Cs = 0.46) and the pair co
structure analysis (similarity: 3.2%) revealed that compo
sition and distribution of the soil seed bank was signifi
cantly different from the above ground vegetation. 

The PCA performed on the environmental matrix re
vealed which soil characteristics influence soil fertility 
from the field boundary to the middle of the field and 
between the five transects (Fig. I). The first three axes 
accounted for almost 78 '7c of total variation, with 41.7% 
for axis I (variance= 3.33 ). Axis I is strongly related to pH 
(contribution 22.6) and soil samples with a high pH (5a, b, 
c, see legends of Fig. I and Table I). However, axis I is also 
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intluenced by K (23,3), C (17,95) and Mg (14,9) concen
trations and soil samples I b, I c are characterised by high 
contents of these elements. Axis I represents a fertility 
gradient for soil samples from the first transect, taken 
from the left-hand side of the crop, to the fifth transect, 
taken from the right-hand side of the crop. However, no 
fertility gradient could be identified from the field margin 
to the middle of the crop (Fig. I). These results were 
confirmed by ANOVA tests which showed significant 
differences only for Phosphorus, whose values increased 
from the field boundary to the middle of the crop (Table I). 
Significant differences were also found for pH and porosity 
between the five transects (Table I). 

The first axis for the two CAs performed respectively on 
aboveground vegetation (Fig. 2a) and soil seed bank (Fig. 
2b) accounted for 23% and 13.3 o/c of the total variation, 
respectively. Axis I was strongly influenced by species 
which occurred only in the samples located at I m and 2 m 
from the field boundary. Particularly,Agrimonia officinalis, 
Geranium dissectum, Lolium rigidum, Medicago lupulina, 
Lathyrus hirsutus, Picris echioides and Eringyum campestre 
for aboveground vegetation (Fig. 2a) and Phleum pratense, 
Dipsacus.fi1llonum, Carexjlacca andHypericum perforatum 
for soil seed bank (Fig. 2b). 

Species richness, diversity (Shannon index) and even
ness of the seed bank and aboveground vegetation showed 
no significant differences between the plots located near 
the field boundary (I and 2) and the others plots (3 to 25). 
Only the above ground vegetation density of plot I was 
significantly lower than the others. 

Simple linear regression analyses were performed for 
species richness, diversity, density and evenness of the 
seed bank, above ground vegetation and environmental 
variables (soil characteristics, PAR Values). Only wheat 
density showed a significant relationship to above ground 
vegetation diversity and evenness (Fig. 3 a, b ), with an error 
probability of p < 0.000 I. 

F 1 

Fig. 1. PCA performed on the soil 
data sampled at the beginning (a, 
0 m), middle (b, 13 m) and end (c, 
25 m) of the five transects (1-5). 
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Fig. 3. Simple linear regression between diversity (a), even
ness (b) of the above ground vegetation and wheat density. 

Table 1. Soil characteristics of samples taken at three points: in the beginning (a, 0 m), middle (b, 13 m) and end (c, 25 m) of the 
transects (11 = 5). (Standard error in brackets; significance: * p < 0.05, Numbers in exponents indicate the sample (I) or transect (II) 
which showed significant differences). 

pH Porosity C%o N %0 P%o K %0 Ca %0 Mg%o 

I (n = 5) 
a 8.25 0.550 28.16 0.838 0.004* 0.406 10.52 0.220 

(0.040) (0.0/9) (2./42) (0.053) (0.001 )"·' (0.018) (0./29) (0.016) 
b 8.23 0.544 31.97 0.878 0.007 0.440 I0.71 0.180 

/0.032) (0.0/9) (2.792) (0.026) (0.001) (0.009) (0./12) (0.009) 
C 8.27 0.536 27.18 0.816 0.006 0.400 I0.61 0.156 

(0.031) (0.017) (3.858) (0.042) (0.001) (0.017) (0./51) (0.020) 
II (n = 3) 
I 8.14* 0.550* 35.25* 0.847 0.007 0.433 I0.59 0.200 

(0.021!)" 5 (0.021)5 (2.519) 5 (0.058) (0.00/) (0.018) (0./82) (0.02/) 
2 8.23* 0.533 34.84* 0.867 0.006 0.437 10.42 0.210 

(0.009)5 (0.003) (2.365)4·5 (0.04/) (0.001 ! (0.012) (0.046) (0.020) 
8.26* 0.580* 27.46 0.840 0.005 0.427 10.87 0.203 
/0.018) (0.021 )4 (2.365) (0.056) (0.001) (0.0/3) (0./36) (0.009) 

-l 8.29* 0.560* 26.64* 0.907 0.006 0.393 I0.70 0.160 
(0.032) (0.017)5 (/.751) (0.055) (0.00/) (0.027) (0./27) (0.044) 

5 8.33* 0.493* 21.31' 0.760 0.006 0.387 I0.48 0.153 
(0.012) (0.0/5) (3.299) (0.047) (0.002) (0.024) (0.229) (0.003) 
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Discussion 

Multivariate analysis (AFC) showed that some species 
were restricted to the outer 3 m of the field margin for 
aboveground vegetation and 2 m for the soil seed bank. 
These species included mostly those typical of calcareous 
grasslands situated near the crop, e.g. Agrimonia ojjicinalis, 
Carex jlacca, Dipsacus ful/onum, Eryngium campestre, 
Lathyrus hirsutus and Picris echioides. It is possible that 
seedlings of grassland species may originate from parent 
plants in the field boundary. Nevertheless. a previous study 
of seed spread from a weedy area into an adjacent culti
vated field indicated that seed dispersal for most species 
was limited (Hume & Archibold 1986). 

Other reasons must therefore be found to account for the 
distribution of arable weeds. Farming machinery often 
turns on the headland, resulting in lower crop yields. The 
presence of typical grassland species and high seedling 
density in the headland could also be explained by the 
effects of crop competition, which increase across the 
arable field, creating more opportunities for these species 
to develop near the field boundary than in sites located 
further away (Firbank 1991 ). 

Our study showed that there was no significant increase 
in species richness, diversity and evenness in the seed 
banks and the above ground vegetation in plots sampled 
near the field boundary. No distinct differences between 
the environmental relationships in the soil seed bank and 
the above ground vegetation could be observed using the 
pair co-structure analysis and the Sorensen index. In arable 
soils, the spatial pattern that exists immediately after seed 
rain is modified by agricultural practices and because farm 
machinery can transport weed seeds. 

An EEC project for the conservation of species-rich 
headland in the Yaucluse has recently been initiated. This 
project includes reducing wheat seedling density on crop 
edges to increase arable weed richness. However. our re
sults showed that this type of action could be more benefi
cial to the typical species of calcareous grasslands or field 
boundaries than to the typical segetal species of southeast
ern France. Consequently, it is essential that the effects of 
such practices on arable weed populations are understood 
before they are applied on a large scale. 
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Abstract. Four grazed and four ungrazed coastal grasslands, 
two of them in the delta of the river Kokemaenjoki and the 
others by the sea, were studied in SW Finland. A total of 13463 
seedlings and I 04 species germinated from cold-treated sam
ples (n=636; depth= IO cm), which makes an average of 13 669 
seeds/m2 in the seashore and 22005 seeds/m2 in the delta. The 
seed bank was significantly larger and richer in the delta than 
in the seashore both in grazed and ungrazed samples. Most 
seedlings and species were monocots and perennials. The 
most abundant species in the seed bank of both seashore and 
delta were Carex nigra and Junrns gerardii. The highest 
density and species richness of seed bank were found at 
middle elevations i.e. at the intermediate level of water level 
fluctuation stress. The seed bank was larger and richer in 
ungrazed than grazed samples. Grazing reduced the seed bank 
of 29 species in these coastal grasslands. An exception from 
the trend was that the number of hydrophyte species and 
seedlings in the seed bank was increased by grazing in the 
whole data set and all elevation classes. 

Keywords: Grazing, Water level. 

Nomenclature: Hamet-Ahti et al. ( 1998). 

Introduction 

In Baltic coastal areas the typical vegetation zonation of 
shore communities is in a continuous movement to the sea 
due to land-uplift creating new land for primary succes
sion. In a Baltic river delta the process is even quicker due 
to sedimentation of the material transported by the river. 
After the 1940s the cessation of grazing and mowing lead to 
changes in shore landscape and expansion of common recd 
(Phra1:mite.1· australis). Recently there has been attempts to 
restore especially the bird fauna of these coastal grasslands 
by reintroducing grazing. I have studied the effect of grazing 
on vegetation of these coastal grasslands (Jutila 1997, 1999a). 
In this paper I describe the germinable seed hank of Baltic 
coastal grasslands considering the differences between the 
delta and seashore grasslands, the water level tluctuation and 
the effects of grazing and hearing in mind the possible 
implications of the use of seed hank in restoration. 

Material and Methods 

The study area is situated on the western coast of Fin
land, near the town of Pori (61 °30'-6 I 0 33'N I 21 °28'-
2 I 0 41 'E). Four grazed and fourungrazed coastal grasslands, 
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two of them in the delta (transects G4 and UG4) of the river 
Kokcmaenjoki and the rest by the sea, were investigated in 
1993 and 1994 (Jutila 1997, 1999a). The annual mean 
temperature, precipitation and the average duration of snow 
cover of the study area is +4.3 °C (-6.5 °C in January,+ 16.0 
°C in July), 536 mm (22 mm February, 75 mm August), and 
94 days, respectively (Finnish Meteorological Station Serv
ice). The sea is frozen for ca. 95 days (Seina & 1991). 
During the growing season, the water level usually fluctu
ates within 20 cm limits, but changes of up to I m can 
occur. 

Altogether 636 seed hank samples were taken with a 
corer of 4.8 cm in diameter to the depth of IO cm along 
transects running from the waterline to the woods: in the 
seashore 343 samples (number of samples by transects: 
GI: 30, UGI: 50, G2: 53, UG2: 70, G3: 85, UG3a: 55, 
(Jutila 1998a) and in the delta 125 samples (G4: 65, UG4: 
60, (Jutila 1998h). The vegetation plots (Im x Im) located 
beside every second seed bank sampling point were stud
ied. Transects were levelled. 

Seed hank samples were treated five months at 5 °C, two 
weeks at - I °C and two weeks at 5 °C before germination. 
Samples were spread out in a 0.5 cm layer on a mixture of 
fertilised peat and sand (I: I) and grown at a photoperiod of 
16 hours of light (20°C) and 8 h of dark ( 15 °C). Samples 
were germinated for ca. 3 months, then all plants were 
removed and germinated again for 3 months. 

Statistical analyses were performed using the Statistical 
Analysis System, SAS. The data were log-transformed, 
ln(x+ I), if necessary. ANO YA (procedure GLM in SAS), 
Mann-Whitney U-tcst and a pairwise t-test were used. 

Results 

Altogether 13 463 seedlings germinated, 8486 from the 
seashore samples and 4977 from the delta samples. This 
results in a calculated average of 13 669 seeds/m2 in the 
seashore and 22 005 seeds/m2 in the delta. On average, 24.7 
(0-227) seedlings and four species per sample germinated 
in the seashore and 39.8 ( I -218) seedlings and six species 
per sample in the delta, respectively. The seed hank was 
significantly larger and richer in the delta than in the 
seashore both in grazed and ungrazed samples (Fig. I). 

The total number of species found in the seed bank of the 
coastal grasslands was I 04 (82 seashore and 48 delta). 
Most seedlings and species were monocotyledons and per
ennials. The most abundant species in the seed bank were 
Carex nip,ra and June us gerardii both at the seashore and in 
the delta, Schoenoplectus tabemae111011ta11i, Eleocharis uni-
1:lumis, Ap,rostis stolonif'era, Junrns bufimius at the sea
shore and Carex aquatilis, Calla palustris and Potemilla 
palustris in the delta. 

The highest densities of seed hank were found at middle 
elevations (at 20-50 cm at the seashore and at I 0-20 cm in 
the delta). Also the highest species richness of the seed 
hank occurred at middle elevations, at slightly higher posi
tion (at 50- 70 cm at the seashore and at 10-20 cm in the 
delta). These results were significant, except regarding the 
seedling densities of the delta samples. Several species had 
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Fig. I. The effect of grazing on the mean number of germinated species and seedlings per sample (+SE). All samples (All), seashore 
samples (S) and delta samples (D) are shown with separate bars. Results of the Mann-Whitney U-test indicate significant differences 
(P<0.05) between grazed and ungrazed samples. The mean number of germinated species and seedlings per sample (+SE) is 
significantly (P<0.05) higher in delta samples than in seashore samples. 

an epilittoral seed bank (meaning that more seeds germi
nated above 20 cm in delta sites and above 50 cm at 
seashore sites than below it, respectively). Agrostis canina 
and Juncus alpinoarticulatus had an epilittoral seed bank 
both at the seashore and the delta sites. In the delta Agrostis 
stolonifera, Carex panicea, Eleocharis palustris, Juncus 
bufonius and Potentilla anserina had an epilittoral seed bank. 
On the seashore the seed banks of the following species were 
concentrated at the epilittoral for: 

Avostis capillaris, A/11u.1· glutinosa, Artemisia vulgaris. Carex nif?ra, 

Ce11taurium li11orale. Cerastiumfo11ta11um, EIYmus repens, Epilohiwn 

m1f?ustifolium. E. pa/ustre, Filipendula ulmaria, Galium uliginosum. 

Potent ilia arge11tea, Ranuncu/us acris. R. cvmhalaria, Rumex acetose/la. 

Saf?ina procwnhens. Stellaria graminea, Veronica chamaedns, Viola 

ccmina and V. tricolor. 

However, significantly more seeds germinating below 50 
cm than above it on the seashore were found for: 

Agrostis stolonifera, Betulll puhescens. Calamagrostis strict a, Eleocharis 

unif?lwnis, Juncus hufonius and Schoenoplecllls tahemae111011tani 

The seed bank ofungrazed samples was larger and richer 
than the one of grazed samples at the seashore and in the 
delta when the whole data set was used (Fig. I). The 
density of the seed bank was decreased by grazing in two 
transect pairs (G2-UG2 and G4-UG4) and the trend was 
similar in one more transect pair. The negative effect of 
grazing on species and seedlings was most evident at the 
highest elevation. An exception from the trend was that the 
number of hydrophyte species and seedlings of the seed 
bank was increased by grazing for the whole data set and in 
all elevation classes. 

The total number of species in the seed bank of grazed 

samples (49) was clearly smaller than that of ungrazed 
samples (70) on the seashore, but in the delta the total 
number of species was somewhat higher in grazed (37) 
than in ungrazed samples (33). Grazing reduced signifi
cantly the size of the seed bank of 29 species, 21 species on 
the seashore (26% of the species) and JO species in the 
delta (20o/c of the species). On the other hand it increased 
the density of the seed bank for seven species in the delta 
( 14% of the species), but only three species on the seashore 
(4% of species). Both on the seashore and in the delta 
grazing reduced the seed bank of Galium palustre and 
Juncus alpinoarticulatus and increased that of J. gerardii. 
There was a lack of resemblance between seed bank and 
vegetation in seashore and in delta. Species present solely 
in the seed bank were mainly annuals or biennials and those 
solely in adult vegetation were mainly perennials. 

Discussion 

The seed densities found in the delta and in the seashore 
were higher than those found in several other freshwater 
wetlands and brackish or saline marshes (see references in 
Jutila l 998a,b, 1999b ). Jerling (1983) found much higher 
seed density in the Baltic seashore, but his samples were 
not cold-treated. It is interesting that the coastal areas, 
which are in the beginning of succession, have a large seed 
bank. This might indicate that seeds are not restricting 
factors in the succession of these environments. 

The higher seed densities in the seed bank in the delta 
compared with the seashore, can be explained by the nega
tive influence of the saline water (Jutila 1998b) and the 
frequent fluctuation of the water level on the seashore. 
Freshwater seed banks have commonly been found to be 
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larger than the ones influenced by saline water (Leck et al. 
1989a). Seeds transported by river water from a large 
catchment area may spread on grasslands during flooding 
or they may sediment and accumulate in the soil until they 
are uncovered by water. 

The high dominance of perennials was evident both in 
seashore and in delta similarly as found in some other 
studies (Kirkman & Sharitz 1994 ). The contribution of 
Juncus gerardii (33.8% of seedlings in the seashore sam
ples) was not nearly as great as in my earlier study with 
immediately germinated samples of G3 and UG3a (73%; 
Jutila 1998b) or in the studies of Jerling ( 1983: Juncus 
gerardii 86.7%) and Shumway & Bertness ( 1992: June us 
gerardii 99.9% ). My present and earlier results (1997b) 
indicate that a large part of the seed bank and especially 
that of J. gerardii is transient. In spite of that, after spring 
germination an extensive permanent seed bank of J. gerardii 
is left in the field as Jerling ( 1983) also described. Most 
species had only a small seed bank or none at all, indicating 
that vegetative propagation is likely to be more important 
than propagation from seeds for many species. The large 
seed bank of coastal grasslands plays an important role in 
the succession of these communities and it can be used in 
restoration to some extent. 

The total number of species found in the seed bank of the 
coastal grasslands (altogether I 04 species) in Pori was 
higher than found in several other studies (e.g. Milton 
1939; Jerling 1983; Leck et al. 1989b). There were 14 
species in the seed bank (3 delta and 14 seashore) that have 
not been found earlier in persistent seed banks according to 
Thompson et. al. ( 1997). 

The water level fluctuation is an important stress factor 
in coastal areas. Its influence is most prominent at the 
waterline and decreases at higher elevations. I found that 
the highest density and species richness of seed bank was at 
middle elevations i.e. at intermediate stress levels (similar 
results in Jerling 1983; Wisheu & Keddy 1991; Navie et al. 
1996). In seashore the highest species richness of seed 
bank peaked at a somewhat higher elevation i.e. lower level 
of stress than the maximum density of seed bank. Based on 
these results I have made a model (Jutila 1998b). A flood
ing stress restricts the species adapted to the lowest 
elevations and even though the seed production is high 
(e.g. in reed stand), the persistence of seeds can be low. 
Furthermore, the most important reason for small seed 
banks at low elevations is the washing off by waves and 
floods, which push unattached plant material to higher 
elevations. Still, many hydro- and geolittoral species, 
especially on the seashore, have most of their seeds at low 
elevations where they have been produced. 

Grazing reduced the density of the seed bank of the 
Baltic coastal grasslands. Bertiller ( 1992) observed that the 
seed bank was reduced as grazing intensity increased and 
plant cover decreased. The decrease of seeds in the seed 
bank after grazing is also evident in the studies by Granstrom 
(1988), Russi et al. (1992), McDonald et al. (1996) and 
Bakker ct al. ( 1996). Animals eat flowers and seeds! One 
reason for the bigger seed bank in the ungrazed sites is also 
that taller geolittoral vegetation collects more sediment 

and litter including seeds compared to the shorter vegeta
tion in the grazed sites (Grumblat 1987; Andresen et al. 
1990; Jutila 1997). Hydrophytes are an exceptional species 
group, in which the seed bank was increased by grazing. 
This is probably due to the fact that cattle trampling creates 
wet bare spots in which hydrophytes can invade and when 
the amount of hydrophytes increases the seed production 
increases. Also Russi et al. ( 1992) reported on some species 
whose numbers in the seed bank increased with grazing. 
Juncus gerardii clearly benefited from grazing: the seed 
bank was increased both in the seashore and in the delta, 
and the aboveground cover was increased in the seashore 
(Jutila 1999b). In the delta both the seed bank and the 
aboveground cover of Potentilla amerina was increased 
by grazing (Jutila l 998e ). Interestingly, the vegetation 
cover of Agrostis stolon if era (seashore) and Elymus re pens 
(both seashore and delta) increased with grazing (Jutila 
1997b), but the seed bank decreased with it (see also Ungar 
& Woodell 1993 ). This might be a general phenomenon for 
many grass species, which can effectively adapt to grazing 
by vegetative growth and dispersal. 

Grazing decreased the seed bank of 29 species in these 
coastal grasslands. The clearly severe effect of grazing in 
the seashore (more species suffering and less species ben
efiting from grazing) than in the delta was obvious also on 
the vegetation (Jutila 1997). Actually, in the delta the 
aboveground species richness in grazed plots was higher 
than that in ungrazed ones. Grazing reduced both the 
aboveground cover (Jutila l 998e) and the seed bank of the 
following species: Galium palustre (both on the seashore 
and in the delta), Viola canina (in the seashore), Cicuta 
virosa, Lythrum salicaria, Potentilla palustris and Ste Ilaria 
palustris (in the delta). The reduction of the seed bank by 
grazing was not evident in the upper elevations and closest 
to the open sea. This might indicate that grazing in connec
tion to water level stress reduces the seed bank, but grazing 
alone would not necessarily do so. 

Wisheu & Keddy ( 1991) observed that shoreline seed 
banks are not deeply buried (unpublished data on the 
coastal grasslands of Pori also indicates that) and so may be 
particularly sensitive to disturbance. This seems to fit my 
study area, where the disturbance is grazing. It reduced the 
species richness in the seed bank (mean number of species 
I sample and the total number of species in grazed transects), 
although Gibson & Brown ( 1991) have claimed that graz
ing is known to increase the species diversity of germinable 
seed banks (see also Donelan & Thompson 1980). Accord
ing to the intermediate disturbance hypothesis (Connell 
1978) a disturbance, such as grazing, probably has an 
optimum, which is different for every vegetation and seed 
bank type (Levassor et al. 1990). Grazing reduced most 
consistently the number of annuals and biennials in the 
seed bank and also in the established vegetation (Jutila 
1997b). This is in disagreement with Kinucan & Smeins 
( 1992), who pointed out that grazing increases the propor
tion of annual dicots in the seed bank. 
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Abstract. Three centuries ago. the Siberian forest-steppe zone 
was covered by conifer and mixed forests. Grasslands ap
peared gradually as result of forest clearing by man. Forest
steppe landscapes arose which were built up of meadow 
steppes and insular groves of aspen and birch. Intensive use of 
land began 150 yr ago. At present, 76'/c of the total area of the 
forest-steppe zone has changed due to forest clearing, steppe 
ploughing and haymaking and grazing of meadows. The total 
net primary production, NPP. of the past plant cover is esti
mated as 515 million t dw/yr. The high NPP of the grasslands, 
i.e. 15 - 25 t dw/ha/yr, is due to intensive root growth. The 
share of the aboveground production is not more than 30'7r of 
the NPP. Substitution of natural grasslands with agroecosystems 
(with NPP-values varying from 6 to 11 t/ha/yr). intensive use 
of forest and a degradation of pastures resulted in a large 
decrease in NPP of the forest-steppe zone to 304 million t dw/ 
yr. 

Keywords: Agroecosystem; Forest; Grassland; Plant cover; 
Primary production; Steppe. 

Nomenclature: Cherepanov ( 1981 ). 

Introduction 

The part of West Siberia that is at present covered by 
forest-steppe, was covered by coniferous and mixed forests 
three centuries ago. Grasslands appeared later as a result of 
forest clearing by man. Massive forest cutting started in 
1760 due to the development of iron and copper melting in 
West Siberia. Further important factors stimulating changes 
in the landscape were the migration of people from Central 
Russia to Siberia in 1850 and the construction of the Trans
Siberian Railway at the beginning of the 20th century. All 
these factors resulted in new clearings and ploughing of 
clearings and grasslands. 150 yr ago small-leaved forest 
occupied about 50% of the forest-steppe zone, whereas 
meadow steppes - dominated by bunch grasses - and dry 
meadows appeared after forest clearing, occupying 45';;
and 5% of the whole area, respectively. At present 45';;- of 
the total area are ploughed, 39% are covered by insular 
groves of aspen and birch. and 230 are used as hay
meadows and rangeland (Laschinsky & Sedelnikov 1992). 

In the past, the forest-steppe zone used to have a very 
high net primary production (NPPJ. In meadow steppes 
and steppe meadows the NPP value may be assumed to be 
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not less than 15 to 25 t/ha/yr, i.e. not less than NPP value 
estimated in the present day meadow steppes and stepped 
meadows (Bazilevich 1993; Titlyanova 1991 ). 

Several factors determine the high productivity of 
grasslands. These grasslands arc situated on chernozems 
and chernozem-like soils that are very rich in nitrogen and 
other nutrients. Most of the annual precipitation (65- 85%) 
falls during the warm half of the year. Plant species com
mon in steppes and meadows are very productive and 
allocate the main part of their photosynthesized organic 
matter to below-ground organs. The carbon cost of below
ground organs is lower since the respiration rate of steppe 
species roots is half that of the shoots. Thus, the larger the 
contribution of the belowground organs to the total plant 
phytomass, the less respiration expenditures are, and, as a 
result. the higher the net production of plants is. The 
belowground production contributes no less than 70'7r to 
total NPP (Titlyanova 1991 ). The high belowground pro
duction results in a large input of organic matter into the 
soil and accounts in part for the great accumulation of soil 
organic carbon in grassland chernozemic soils. 

Study area 

The total area investigated in Southwest Siberia includes 
ca. I 04 million ha with the following landscape regions: 
taiga zone (49 million ha), forest steppe zone (30 million 
ha), steppe zone ( 12 million ha), mountain landscapes and 
river valleys (6 million ha). 

The forest-steppe zone is located from 53° N to 55° N 
and it is the most favourable zone in West Siberia for 
agriculture. The climate is continental, with moderate warm 
summers and cold winters. The mean yearly temperature 
changes southward from - 0.5°C to - 0.3°C with a mean 
July temperature from I 8.4°C to I 8.7°C, and a mean Janu
ary temperature from -20.5°C to -19.4°C. The average 
precipitation changes southward from 450 mm to 350 mm, 
from which 60 - 70% falls between May and September. 

The main ecosystems in the past there were aspen- birch 
forests, meadows and meadow steppes. Forests are linked 
to grey forest soils, meadows to meadow soils, meadow 
steppes to chernosems. As it was mentioned before now 
45% of the forest-steppe total area are ploughed. 

Results 

Through the anthropogenic impacts the types of plant 
communities and their parameters were changed. Forest 
clearing in the forest-steppe zone led to the formation of 
tallgrass meadows. which arc very rich in species (Table I). 
Green phytomass, aboveground production. ANP, and 
below ground production, BNP, increase also as compared to 
forest. Regular haymaking changes species composition. 
increases species number, decreases ANP and increases 
BNP a little. The next stage of grassland transformation 
under moderate grazing is bluegrass meadow which is char
acterized by lower levels of these parameters. The last stage 
forms under heavy and long-term grazing and is represented 
by degraded forb meadows with a very low NPP value. 



280 Titlyanova, A.A. & Kosykh, N.P. 

Table 1. Community and production characteristics of anthropogenic communities in former virgin Birch forest habitats. 

Community* Impact* Main plant No.* of Degree* Green phyto- ANP BNP NPP 
species* species per I 00 m2 of cover mass g/m2 g/m2/yr g/m2/yr g/m2/yr 

Birch grove Virgin Betula fruticosa. Popu/us tremula, 
Ca/amagrostis arundinacea, 
Poa angustifolia. Fragaria viridis 

Secondary After Calamagrostis arundinacea, 
tall-grass meadow clearing Brachypodium pinna tum. 

Aegopodium podagraria. Crepis sibirica 

Forb-grass Regular Dacty/is glomerata, Ph/eum pratense, 
meadow haying Festuca pratensis, Lathyrus pratensis 

Bluegrass Moderate Poa pratensis, Festuca pratensis, 
meadow grazing Trifolium repens. Taraxarnm ojficinale 

Forb meadow Heavy and long- Achillea millejolium, Potentilla argentea. 
degraded term grazing Po/ygonwn avirnlare 

'' After Malzeva & Parshutina ( 1992). 

Haymaking and grazing in meadow steppes lead to the 
replacement of Stipa pennata (large bunch grass) by Stipa 
capillata (large bunch grass) (Table 2). At this stage of 
succession small bunch grasses (Festuca valesiaca, 
Koeleria cristata) appear in the sward. The species rich
ness, degree of coverage, phytomass and ANP value de
crease. Belowground production does not change mark
edly, sometimes increasing a little. Moderate grazing (next 
stage of pasture succession) results in transformation of 
large bunch grass secondary steppe into small bunch grass 
secondary steppe, with further decrease in richness, green 
phytomass, ANP and pronounced decrease in BNP. Heavy 
grazing leads to a formation of sedge-forb community with 
very low richness, degree of coverage and NPP value. 

Substitution of natural grasslands with agroecosystems 
with lower NPP ( 11 - 13 t dwfha1yr, Table 2) also decreased 

25-30 360 780 220 1000 

50- 70 90- 100 500- 600 800 800 1600 

60- 75 95 - 100 300-400 500 1200 1700 

25-30 60-80 200-250 300 550 850 

15-20 50-80 150-200 250 400 750 

the production of the region (Kiryushin et al 1993). 
Total net primary production of plant cover of the forest

steppe zone in the past is estimated as 515· 106 t dw /yr. 
Substitution of natural grasslands with agroecosystems, 
intensive use of forest and degradation of pastures resulted 
in great decrease in total primary production of forest
steppe zone to 304· 106 t dw /yr. For the total Southwest 
Siberian region net primary production in the undisturbed 
ecosystems is estimated as 1236· 106 dw/yr. The present
day plant cover produces 886-106 t dw/yr. 

The distribution of areas with different levels of NPP 
also changed (Fig. I). Where a considerable part of the area 
had a production of more than 16 t/ha/yr in the past, up to 
30 t/ha/yr, at the moment there is little area left with a 
productivity of more than 11 t/ha/yr! 

Table 2. Community and production characteristics of anthropogenic communities on former virgin bunchgrass steppe. 

Community* Impact* Main plant No* of Degree* Green phyto- ANP BNP NPP 
species* species per I OOm2 of cover mass g/m2 g/m2/yr g/m2/yr g/m2/yr 

Large-bunchgrass Virgin Stipa pennata, Poa stepposa, 
steppe with forbs Ph/eum phleoides, Ga/ium verum, 

Medicagofi1/cata 55-60 90-100 300-350 430 1640 2070 

Large-bunchgrass Haying or Stipa capillata, Festuca \'ll/esiaca. 
secondary steppe light grazing Koeleria cristata, Ga/ium verwn, 

Medicagofalcata 45-50 70-80 180-210 300 1650 1950 

Small - bunchgrass Moderate Festuca \.'alesiaca, Koeleria criswra 
secondary steppe grazing Carex duriuscu/a, Medicago Jalrnta 25-30 65- 75 120-160 250 1000 1250 

Sedge-forb Heavy Carex duriuscula, Artemisiafrigida, 
degraded steppe grazing Artemisia glauca 12- 15 30-45 40-50 100 800 900 

Wheat Ploughing and Triticum aestirum 
agroecosystem cultivation 530 630 190 820 

Maize Ploughing and 
agroecosystem cultivation Zea moys 580 650 250 900 

Potato Ploughing and 
agroecosystem cultivation So/anwn tuberosum 150 180 180 360 

* After Malzeva & Parshutina ( 1992). 

it' 
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Fig. 1. Net primary production of the 
plant cover in West-South Siberia. a. Past 
(after Bazilevich 1993). b. Present. (after 
Titlyanova & Kosykh 1997). 

Discussion 

Changes in land use are the dominant factor affecting the 
carbon budget. Because of the difference in biomass, net 
primary production and input of organic matter into the 
soil, the balance between carbon source and sink in virgin 
and human-used ecosystems is different. Expansion of 
arable land into forest and grass lands results not only in the 
loss of the large pool of carbon stored in the biota. but also 
in the loss over a few years of the carbon stored in forest 
and grassland soils (Wood well 1984 ). 

In natural ecosystems the annual plant material input to 
the soil is equal to the annual net primary production. In 
agroecosystems the input of carbon with plant residues to 
soils decreases owing to the reduction of NPP and the 
output of carbon with the crop. A decrease of organic 
substance input to the soil leads to a decrease of humus 
formation which became less than soil organic matter 
mineralization. The imbalance of carbon results in a de
crease of soil carbon pool and an increase of CO2 emission 
from the soil (Titlyanova 1985). 

A heavy grazing impact also leads to a decrease of NPP 
and a reduced input of organic substance to the soil. In 
response to a decrease of carbon input the soil organic 
matter decreases and CO2 emission increases. In this way 
used lands in West Siberia transformed into carbon sources. 

g°L'/'"'"-<../'',,,,,, ,-.v--r,,, ~'<,'\'\.~~~~ -- 8" 

At the same time West Siberia has a sink for carbon since 
the latter may accumulate in pcatlands. The increase in the 
peat layer is ca. 0.5 mm to 1.0 mm/yr (Buringh 1984 ). 

Global carbon losses from terrestrial plants as a conse
quence of land use conversion to regular cropping were 
estimated to be 39.3-10 15 g (Richards ct al. 1983). Esti
mations of the cumulative world transfer of carbon from 
the soil to the atmosphere since prehistoric time varies 
from 40-10 15 g C (Schlesinger 1984) up to 537-10 15 g C 
(Buringh 1984). A gap between estimations is due to 
difficulties associated with the measurement of changes in 
the vegetation of the earth, especially changes in the areas 
of forests and grasslands. 

The short and documented period of historical change in 
the plant cover of West Siberia has made it possible to 
evaluate the carbon budget trend in the last 150 years. 
Carbon losses from terrestrial biomass associated with 
forest and grassland conversion to regular cropping were 
estimated to be 0.44 · I 0 15 g. The losses of organic carbon 
from soils of West Siberia during the last two centuries 
reached 1.12· l 0 15 g. As mentioned above pcatlands serve 
as a sink for carbon. The area covered by peatlands in West 
Siberia is ca. 30· 106 ha. During this century peatlands 
gained ca. 1.5-10 15 g carbon. So gaseous carbon output 
from destroyed plant cover and used soils of West Siberia is 
balanced by carbon input to pcatlands. 
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Abstract. Raised bogs are unique ecosystems that are being 
rapidly destroyed by human activities. Attempts to restore 
these ecologically and economically important landscapes are 
often frustrated by the hostile environmental conditions left 
after peat harvesting. Hochrunstfilze is a harvested raised bog 
in Bavaria, abandoned since 1967. The site has re-vegetated 
naturally with a mix of species typical of natural and disturbed 
bogs, including Sphainwn spp. This study investigates the 
abiotic conditions facilitating recolonization and explores the 
relationship with species distributions on site. Measurements 
included water level, water and peat chemistry and strati
graphical studies. Vegetation was surveyed by releve and 
biotic-abiotic correlations were analysed using Canonical Cor
respondence Analysis (CCA). Water table level was the most 
important variable in explaining the distribution of species in 
the heterogeneous vegetation (p < 0.0 I). The site has achieved 
I 00% vegetation cover within 30 yr of abandonment, due to a 
large remnant seed bank and maintenance of uncut baulks as 
refugia. The implications for restoration techniques on cut
over bogs is discussed. 

Keywords: Ombrotrophic bog; Ordination; Restoration, South
ern Germany. 

Nomenclature: Fitter et al. ( 1996) for vascular plants; Andrus 
( 1980) for Sphainum species. 

Introduction 

Regeneration of cut-over raised bogs with the aim of 
rehabilitating ecological function has proved to be diffi
cult. Vegetation removal and extensive drainage are the 
main factors that inhibit a fast rehabilitation of such sites 
(Sliva et al. 1997). Despite harsh conditions, within decades 
the natural processes of recolonization and succession pro
duce a vegetation cover typical of nutrient-poor mires on 
some of these areas, especially those cut by hand or digger 
which leave a more heterogenous peat surface (Poschlod 
1988; Lavoie & Rochefort 1996 ). This project aims to inves
tigate the relationship between the environmental conditions 
present on a cut-over and abandoned raised bog and the 
vegetation able to colonize under these conditions. The 
investigation of an area previously disturbed by humans 
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and re-vegetated solely through natural processes demon
strates the extent of possible recovery and suggests how 
human restoration can work with these processes. 

Site 
Hochrunstfilze is an area of previously cut-over raised 

bog (ca. 300 ha) lying within the Rosenheim basin in the 
Alpine foothills of southern Germany (47°48' N, 12°05' E). 
The climate is cool and humid - average annual air tem
perature 8.3 °C; average annual precipitation 1225 mm. 
The peat deposit is (was) ca. 5m deep. 

By the 1920s, the original mire surface had already been 
removed by small-scale peat cutting (Paul & Ruoff 1927). 
The current surface structure of the study area was created 
by progressive hand-cutting of north-south strips roughly 
50- 100 m wide and 300 m long, leaving raised baulks and 
lower cutting floors. Between 1967 and 1969 peat cutting 
stopped and the site abandoned without any restoration 
measures. 

Methods 

A 420-m long transect running east-west across the har
vested area was established. The present surface topogra
phy of the site was surveyed along the transect. 32 dipwells 
(4cm diameter slotted PVC tubing) were inserted along the 
transect, to a depth of 1.5 m. A more detailed secondary 
dipwell transect was set up between dipwells 17 and 22, 
comprising 13 wells set a few metres apart to monitor water 
table fluctuations across a single raised baulk. Water table 
depth, pH and conductivity were measured fortnightly. 
Water was sampled from each dipwell and analysed for 
calcium and potassium using a flame photometer. 

The carbon:nitrogen (C:N) ratios of peat at three differ
ent depths (0 - 25 cm, 50 - 75 cm, I 00 - 125 cm) were 
determined at each dipwell site using a Russian sampler. 
Additionally, traditional stratigraphical investigation of the 
peat profile at selected points allowed estimation of the von 
Post humification class and characterization of the peat 
layers using macrofossils. 

Vegetation cover was investigated using l 6-m2 releves 
close to each dipwell. The 'k cover of vegetation layers and 
species were estimated using an adapted form of Braun
Blanquet's scale (Pfadenhauer et al. 1986). These were 
converted into their appropriate average cover value for 
analysis. 

Species and environmental data were collated. The cor
relation between abiotic and biotic factors was tested using 
CANOCO (ter Braak 1988). Two analyses were run. The 
first included all 12 environmental variables and all species 
(log-transformed). The second did not use transformed 
data and investigated the effect of five selected environ
mental variables (maximum water table, pH, minimum 
conductivity, [P+] and [Ca2+]) on all species. A Monte 
Carlo test was run to test the significance of the second 
analysis. 
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Fig. 1. Topographical profile of transect across Hochrunstfilze showing water levels (max, mean and min) at each dipwell (numbered 
from left). The silt layer indicates the depth of mineral ground under the remaining peat. 

Results 

Topography and hydrology 
The heterogenous nature of the surface is evident, com

prising a series of raised baulks, separated by cutting 
floors, and drainage ditches (Fig. I). The water table levels 
show great variability both in the spatial variation of mean 
levels between wells, and in the degree of temporal fluctua
tion. The least variation is found on flat surfaces, or those 
that are low relative to the land surrounding them. The 
secondary dipwell transect revealed that the water table 
pattern within a baulk can vary significantly. Over a hori
zontal distance of 40 m, the water level can rise by 2 m to 
within 0.3 m of the peat surface, providing a significant 
water store within the peat. 

Water chemistry 
No clear trend in the values of pH (4.1; range 3.6-5.0), 

conductivity (44 µSiem; range 17-150) calcium concentra
tion (mg/I; range 1.5-5.5) and potassium concentration 
(range 0.1-9.8) are shown. These values are comparable to 
other ombrotrophic bogs in the region (Sliva 1997 
Waughman 1980), showing that, despite peat extraction, 
the site has not been influenced by the circumneutral 
groundwater. Conductivity is significantly correlated with 
Ca2+ concentration (p < 0.0 I), but not water level (p > 0.1 ). 

Peat quality 
The depth of peat remaining is shown in Fig. I. No 

significant differences in the peat stratigraphy were en
countered across the study area. On cutting floors, roughly 
1.3 m of well-decomposed peat remains (Von Post value H 
4- 8 ). On the baulks, the peat is up to 3.5 m deep. The upper 
few cm are highly decomposed, suggesting that decompo
sition rates have increased recently, perhaps as a result of 

draining or cutting. The C:N analysis shows that the sur
face layers (C:N ratio of 25-38) are more mineralized than 
deeper layers (50- 125 cm deep; C:N 29- 62). There is no 
significant change in C:N ratio along the transect 

Current vegetation cover 
The vegetation cover across the site is nearly l 00 %, 

suggesting that colonization in the 30 yr since abandon
ment has been rapid. Separation of plant communities 
using traditional phytosociological methods was not possi
ble despite the apparent visual differences between the 
Molinia caerulea-dominated cutting floors and the Calluna 
vu/garis-dominated baulks. This is attributable to the young 
successional stage of the stands, a small number of releves 
(37) and heterogeneous species distribution. Species present 
across the transect included those typical of natural and 
disturbed bogs, notably six Sphagnum spp. While S. 
cuspidatum was confined to seven sites where the water 
table approaches the peat surface, S. magellanicum and S. 
capillifolium are more widespread, occurring in Molinia 
hummock fields and beneath Calluna vulgaris on baulks in 
23 quadrats. The near-ubiquitous presence of many species 
does not aid separation of sub-units, although such a wide
spread occurrence of Sphagnum species across the site is 
encouraging in terms of regeneration processes. 

Statistics 
In the first CANOCO-analysis, the water table level 

explains one third of the variance across the site, being the 
only significant variable (p < 0.01, F ratio> 2.28). Other 
abiotic variables showed no significant influence on veg
etation pattern, even when water level was taken as a co
variable (p > 0.15). More variables achieved significance 
when the data were not log-transformed, thus lowering the 
influence of 'rare' species (Fig. 2). Maximum water table 

.. 
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Fig. 2. Diagram of axes I and 2 of the 
CCA with the position of all environmen
tal variables (arrows) and selected species 
(points) showing untransformed data with 
five variables. Water table maximum (p < 
0.04, F = 2.81 ). pH (p < 0.04, F = 1.73) 
and minimum conductivity (p < 0.05, F = 
1.65) affected species distribution. Monte 
Carlo test; p = 0.02. 

(p = 0.04), pH (p = 0.04) and minimum conductivity (p = 
0.05) accounted for 74% of the variation observed (Monte 
Carlo test; p = 0.02). While most species cluster around the 
mean, Sphagnum papillosum, Eriophorum spec., 
Polytrichum sp. and some of the ericaceous shrubs are 
distributed along the positive conductivity axis, favouring 
sites with higher minimum conductivity values. Picea abies 
and Pleurozium schreberi are positioned on the negative 
WTmax axis, showing that they occupy dry sites. Ericaceous 
shrubs ( Calluna, Vaccinium, Andromeda) are also posi
tioned in sites with a lower than average maximum water 
level, together with Sphagnum capillifolium. 

Discussion 

This study has found that the present environmental 
conditions on Hochrunstfilze (particularly water chemis
try) do not vary significantly from those of undisturbed 
ombrotrophic bogs (Waughman 1980), nor do they vary 
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greatly across the site. There is no evidence that circum
neutral groundwater is affecting the site. The CCA
ordinations show that, of the variables measured, water 
table level is the only factor significantly influencing veg
etation distribution across the site. In contrast, Hesse ( 1971) 
found that the wet-dry gradient across baulks influences 
the pH, conductivity and C:N ratios at the surface through 
relative water levels and fluctuations. 

Hochrunstfilze has almost totally re-vegetated within 30 
yr of abandonment with a variety of species typical of 
ombrotrophic bogs, disturbed bogs and drier heaths. This is 
more rapid than records for other block-cut peatlands (e.g. 
Lavoie & Rochefort 1996 ). Previous studies suggest that 
parts of the site were vegetated less than IO yr after abandon
ment (Kaule 1974). Species distribution is typically inter
preted as variations along a simple environmental gradient 
according to habitat preference, or to competition from other 
species. While water levels explained one-third of the varia
tion in species distribution across the site (Fig. 2 ), the vari-
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ables measured during this study could not explain the 
remaining species distribution. Other unrecorded factors, 
such as the previous exploitation history of the site, may 
explain more of the observed species distribution. The hand
cutting of peat blocks on cutting floors between baulks 
created Hochrunstfilze's heterogeneous topography. Much 
of the upper vegetation and peat layer was kept on the site by 
laying turves onto previously cut surfaces. Knowledge of the 
peat cutting methods provides insight into the re-vegetation 
of Hochrunstfilze. There are two main issues - the mainte
nance of a diaspore bank for bog species and the effect of 
baulks on the hydrology of the bog. 

The relatively fast colonization of Hochrunstfilze by 
vegetation predominantly indicative of ombrotrophic mire 
conditions is easily explained by the presence of a seed
source on-site. This provides a surer source of typical bog 
vegetation than diaspore rain from the surrounding areas, 
enabling more rapid colonization (cf. Salonen 1987) and 
probably also prevented species of disturbed bogs or dry 
heaths becoming more dominant. The uncut baulks re
mained vegetated, so that colonization of any 'window of 
opportunity' would be rapid, while the heterogeneous to
pography provided a wide range of niches. The transfer
ence of the top layer from one area of the site to another, 
and from baulk to cutting floor, explains the heterogeneous 
nature of the vegetation as the whole area shares a common 
seed bank. 

The rate of secondary succession on Hochrunstfilze is 
difficult to quantify, particularly as there is evidence show
ing site was vegetated in part before the end of exploitation 
(Kaule 1974 ). As the vegetation has not been monitored, 
the rate of successional change is not known. Similarly, 
rates of Sphagnum expansion on the site cannot be esti
mated from the current data set. However, in one relevc, 
roughly 50cm ofneogenous peat has formed within the last 
fifty years. Such results suggest that Hochrunstfilze has 
suitable environmental conditions to support Sphagnum 
populations in some areas, but establishing such a benefi
cial state over the entire site presents huge problems. 

Following the groundwater mound theory, the large inci
sions caused by block-cutting peat should have lowered the 
perched water mound in the vicinity. Detailed investigation 
of water table levels across a single baulk revealed that it 
was able to retain much of the incident precipitation, main
taining a water table up to 2 m above that of neighbouring 
cutting floors. The narrow baulk at well 31 does not demon
strate this (Fig. I, Transect 410 m), suggesting that a certain 
volume (or quality) of peat is necessary to exert sufficient 
capillary force on the water. The water table within the 
baulk is lower and less stable than that of the cutting floors, 
suggesting that it may act as a water storage area which 
gradually loses water to the cutting floors in dry weather, 
ensuring that the cutting floors remain permanently wet. 

The results presented here show that block-cut peat 
retains water well and may help maintain the stable water 
table of the cutting floors. Block-cutting can maintain the 
seed bank and add heterogeneity to the bog environment, 
suggesting that the removal of the baulks to create shallow 
lagoons on large flat areas of peat ( e.g. Eggelsman 1987) 

may not always be the most effective way of restoring bog 
vegetation to the site. While it is not safe to make gener
alizations from site-specific studies, our results suggest 
that retention of baulks, perhaps coupled with the creation 
of slightly concave surfaces on the tops to increase water 
storage capacity, is preferable to maintain water table sta
bility. 
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Abstract. The dynamics of two rare wet heathland species. 
Gentiana pneu111011anthe and Rhynchospora fusca as well as 
some common heathland species such as Callww vulgaris. 
Erica tetra/ix, Agrostis canina and Mo/inia caerulea were 
studied in experimental permanent plots in a wet heathland 
near Bremen, NW Germany. The objective was to assess the 
effectiveness of sod cutting and mowing in promoting species
rich wet heathland. All plots were influenced by changing 
water tables with periods of inundation and drought. 

Sod cutting was most successful in promoting characteristic 
species of wet heathland and in inhibiting Molinia, whereas 
mowing was only effective at the beginning of the experiment 
and after inundation. Gentiana seedlings and adult shoots 
slowly became more and more abundant after sod cutting. In 
contrast. Rhy11cho.1porafi1sca soon formed closed stands first 
through seed germination and later through fast clonal growth. 
Hydrology and microclimate determined the distribution and 
dominance of the wet heathland species as well as the speed of 
canopy development. 

For both disturbance-dependent rare species. the availability 
of appropriate gaps within the vegetation is of crucial impor
tance. To promote existing populations of Gentiana pneumo
nanthe. small-scale sod cuttings are suggested which create 
gaps without disturbing existing individuals too much. In 
order to promote Rhvnchospora.fi1sca. large-scale sod cuttings 
are recommended. On degenerated stands the seed bank will 
be activated and the development of a wet heathland with its 
characteristic tloristic composition and dynamics is initiated. 

Keywords: Agrostis canina; Cal/1111a vulgaris; £rim tetra/ix; 
Gap; Gentiana pneumonanthe; Molinia caerulea; Mowing; 
Permanent plot; Rhrnchosporafi1sca; Sod cutting. 

Nomenclature: Oberdorf er ( 1994 ). 

Introduction 

The main aim of wet heathland restoration is to promote 
original wet heathland vegetation and to protect and stimu
late rare species hy management. These rare species can 
serve as target species, because first they characterize a 
fitting context of ecological conditions, and secondly they 
contribute to a local gene pool of ecologically adapted 
plants. These are the two foci of restoration ecology (van 
Andel 1998). It is necessary to understand the ecology and 
life properties of the rare species in their successional con
text (Klotzli 1991; MUiler 1996). And above all it is neces
sary to protect and promote even the smallest population 
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in order to have the material available for restorations in 
the future. 

The objective of the work presented here is to study the 
regeneration and succession of wet heathland hy perma
nent plot field experiments. According to the target species 
concept, two rare and endangered species within their 
community were especially taken into account: Gentiana 
pnewnonanthe and Rhrnchospora fusca. Both species are 
known to have a very weak ability to disperse, Gentiana 
exclusively by seeds and Rhynchospora also hy clonal 
growth (Kaplan 1990; Oostermeijer et al. 1994; Kfcnova & 
Leps 1996 ). Therefore maintaining existing populations 
should have a higher priority than trying to create new 
stands. 

In wet heathland restoration, practices like mowing. 
grazing. and sod cutting are the methods of choice (Bakker 
1989; Wittig 1996). In our work the success of mowing and 
sod cutting in a wet heathland is compared with respect to 
the promotion of Gentiana pneumonanthe and Rhyncho
sporafusca and the avoidance of the promotion of Molinia 
caerulea. From the results, measures of maintenance and 
management for restoration have been derived. 

Material and Methods 

Study area 
The study area is part of a pleistocene inland sand dune 

landscape formed hy wind and interspersed with many 
blowouts which are permanently or occasionally filled 
with water. The area is situated near Bremen. Northwest 
Germany. It is a 3 ha remainder of a former extended heath 
landscape ofca. 20 km2• which was spotted with many ponds 
(Urban & Drengemann 1996). Today, it is included in a 12.5 
ha nature reserve, which is surrounded hy urban and military 
areas. The study sites 'Katzenpohl' (KP) and 'Eispohl' (EP) 
support a large population of Gentiana pneumonanthe (20000 
- 25 000 shoots). The soil is a nutrient-poor sandy substrate 
with pH of 3.3. the pond water is oligotrophic and well 
buffered (pH 6-7 .5). The vegetation is a mixture of different 
wet and dry heathland communities including pond and 
shore vegetation determined hy the height and the duration 
of inundations. 

Hydrology 
The groundwater level is a backwater horizon which 

follows the terrain features. It is exclusively fed with rain 
water. The surface water level curves (Fig. I) display a 
permanently filled pond at EP with a variation of almost 2 m. 
In contrast. KP is an occasionally filled pond and the water 
level showed a variation of ca. 4 m. It had water in 1988/ 
1989 and 1994/1995. hut in between the pool was dried up. 
The water levels have been recorded hy above- and 
helowground water-gauges. 

Experimental design 
Two experiments were conducted to study species devel

opment after sod cutting and mowing. One experiment 
consisted of small plots (0.25 m2) at KP. and one consisted of 
a large scale sod-cut plot ( 1500 m2 ) at EP. 
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Experiment I. At KP, a set of 20 permanent plots of 50 cm 
x 50 cm was established in 1989 along a transect through 
the wet Erica heathland: four were sod-cut, four mown and 
cleared from litter (every year), and 12 were controls. 
These transect plots were flooded for about 7 months from 
January to July in 1988. 1994 and 1995 (see Fig. I). 
Experiment 2. At EP, an island which used to be a stand of 
wet heathland the vegetation consisted in 1992 predomi
nantly of Molinia caerulea. The vegetation layer of the l 500-
m2 island and also the upper soil layer of about I 0-15 cm was 
removed. Some spots still inhabited by wet heathland species 
were left untouched. After cutting, the hay harvested from a 
wet heathland mowing on KP was introduced to stimulate a 
better development of the proper initial tloristic composition. 
The vegetation records of KP suggest, that the hay mainly 
contained seeds of Calluna l'U!garis, Erirn tetra/ix, Molinia 
caerulea, Agrostis canina, LYsimachia vulgaris and Gentiana 
pneumonanthe, but no Rhynchsopora fitsca or other rare 
species. 

Sampling methods 

The vegetation of the plots at KP was recorded once a 
year in September or October. Dominance by outer (shape) 
and inner (within-shape) cover (real cover= outer x inner), 
group structure, abundance, growth height, and phenology 
were noticed according to Barkman ct al. (1964 ). 

In each plot at KP, the numbers of seedlings and juve
niles as well as the numbers of adult vegetative and flower
ing shoots of Gentiana (following the age stage drawings 
of Oostermeijer et al. 1994b) were counted separately. 
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Dormant stages were not estimated. We counted shoots of 
adult plants instead of individuals, because the reproduc
tive capacity is well correlated with shoot number since the 
number of flowering shoots of one individual can vary 
between one and thirty. Counting shoots leads to a higher 
estimate of population size, compared to counting indi
viduals, but allows a more realistic estimation of the suc
cess of management practices in relation to the vitality and 
reproduction capacity of Gentiana pneumonanthe. 

The vegetation recovery at EP was studied between 1996 
and 1998 on two permanent grid-plots of 5 m x 5 m and 4m 
x 4 m, and in 25-m2 plots arranged along a 46-m transect. 
Cover percentage and abundance of the species were re
corded within every grid m2 and transect plot. At least parts 
of the transect were inundated between 1993 and 1995, the 
grid plots were not inundated (see Fig. I). 

Results 

Vegetation development at Kat:::.enpohl 
The I 0-yr permanent plot studies on KP between 1989 

and 1998 show a different response of wet heathland spe
cies (a) to naturally changing conditions like changes of the 
pond water table and (b) to the different measures of sod 
cutting and mowing. 

The two heather species Erica tetralix (Fig. 2a) and 
Calluna vulgaris (Fig. 2b) developed similarly. Both were 
able to expand during the drier years at the beginning of the 
study. The flooding event in 1994/1995 led to a total break
down of both the populations. Both started to regenerate 
gradually after inundation. The heather species were neither 
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Fig. 3. Development of 
Gentiana pneumonanthe 
[shoots/m2] in the transect 
plots at Katzenpohl. 
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(n=4) 

KP Transect - control 
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promoted significantly by sod cutting nor by mowing. 
The two grasses Molinia caerulea (Fig. 2c) andAgrostis 

canina (Fig. 2d) showed the opposite development. After a 
slight increase in the first year they decreased constantly in 
the mown and the control plots during the dry years, and 
they showed hardly any regeneration in the sod-cut plots. 
The high water levels in 1994 and 1995, however, encour
aged the growth of both species in all three plot variants, 
but after two yearsAgrostis began to decline again. Agrostis 
canina was most stimulated on the sod-cut plots, Molinia 
caerulea was significantly inhibited by sod cutting. 

Development of Gentiana pneumonanthe 
In the control and the mown plots of the transect Gentiana 

pneumonanthe declined during the time the pool did not 
contain any water (Fig. 3). During this period, large amounts 
of seedlings were recorded, but the conditions were not 
favourable for the establishment of Gentiana. Subsequently, 
the high water level in 1994 and 1995 led to a short-term 
increase in abundance. 

In contrast, the abundance of Gentiana in the sod cut 
plots showed a low but constant increase after sod cutting 
in 1989, which was enhanced after the flooding event in 
1994-1995. IO yr after sod cutting, Gentiana had reached 
the same numbers as in the control plots. 

Development on the Eispohl island 
The recolonization on the EP island after sod cutting in 

1992 developed very gradually. After 6 yr the vegetation 
cover was still rather low in the largest part: 40- 80% (Fig. 
4). Similarly, the establishment of plant species occurred 
very slowly. Frequent inundations resulted in high species 
numbers, high species dynamics and a comparatively low 
total cover. The non-inundated part of the study site inhab
ited less species, showed a much more stable species 
composition and a closer canopy. Here, most of the wet 
heathland species occurred. 

All of the wet heathland species which had still been 
present on the island enlarged their populations through the 

Fig. 4. Dominance and species number distribution 
of wet heathland species in the EP island transect. 

spreading of seeds: Trichophorum cespitosum, Gentiana 
pneumonanthe, Drosera intermedia, D. rotundifolia, Erica 
tetralix, Calluna vulgaris and Molinia caerulea. The spread
ing of seeds was enhanced through the import of heathland 
hay from Katzenpohl. Additionally the seeds of 
Rhynchospora alba and the very rare Ranunculus ololeucos 
had been activated from the soil seed bank. The success of 
sod cutting is clearly reflected in the fact that now almost 
all Littorelletea and wet heathland species occurring in the 
area (Drengemann et al. 1995) can (also) be found on the 
sod-cut island. 

Species distribution was mainly determined by soil hu
midity. In the wettest and frequently inundated partsAgrostis 
canina established and also seedlings of Gentiana pneumo
nanthe occurred. The sites just above the highest water 
table were optimal for the development of Erica tetra/ix 
which was also dominant in the depression at the beginning 
of the transect. Also Gentiana could best establish in this 
depression. Rhynchosporafusca dominated at an interme
diate level, whereas Calluna vulgaris developed best on 
the highest level. 

Rhynchosporafusca on Eispohl island 
Among all the species occurring on the island, special 

attention was paid to Rhynchosporafusca which was previ
ously observed at a nearby stand. It appeared in the third 
year after the impact and had already gained some domi
nance in the next year (Fig. 5). In 1998, 6 yr after the 
impact, it was the most prominent plant on the whole 
island. It exceeded by far the growing speed of any other 
species. 

The 5 m x 5 m grid represents an optimal stand for 
Rhynchospora whereas the higher situated 4 m x 4 m grid 
was more suitable for Calluna vulgaris (Fig. 6). Germina
tion played a major role only in the first year of settlement. 
In the second year the established plants enlarged by clonal 
growth and only few new groups originated from seeds. In 
the third and fourth year the former separated groups grew 
even more together, forming almost one continuous large 
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Fig. S. Dominance distribution of wet heathland species in the 
EP island transect in 1998. 

patch in 1998. Even though the seed production of 
Rhynchopora fusca was enormous and open spaces were 
available, no germination could be detected after the sec
ond year. Seemingly, the safe sites for germination had 
already been occupied in the first and second year. Then 
clonal growth was of major importance. The density of 
shoots was usually between 1500 and I 800/m2 and in
creased with aging to 2200. However, where Calluna, 
Erica or Molinia grew within the group, the density de
creased to about I 200/m2. 

Discussion 

Gentiana pneumonanthe 
Gentiana pneumonanthe germinates only on bare soils 

with full light conditions. The species has a short living 
seed bank; seeds probably survive only three years at the 
most, but the plants can reach an age of I 0-20 yr (Chapman 
et al. 1989; Oostermeijer et al. 1992, 1994 ). Gentiana 
pneumonanthe does not expand vegetatively, but it is able 
to survive unfavourable seasons (even years) subter
raneously in a dormant state (Oostermeijer et al. 1994 ). As 
a gap species it requires moist microclimatic conditions in 
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order to germinate and to establish properly. We agree with 
Kfenova & Leps (1996), that Gentiana has its highest 
recruitment and seedling survival in sod-cut sites, which 
present suitable conditions over a longer period of time. 
But the seedling to adult establishment phase is critical as 
well. This risk can be minimised by creating small scale 
cuttings of a few dm2. 

We observed that with the development of small moss 
cushions (preferably Sphagnum species), but also litter 
layers and small and low Erica bushes within such small 
cuttings, safe sites for a successful establishment of juve
niles and adults are provided at the edges of this structures. 
This mechanism is working for IO and more years, as our 
results indicate. That observation coincides with the posi
tive correlations Oostermeijer et al. ( 1994) found between 
moss and litter cover and proportion of adult plants and 
between bare soil surface and seedlings and juveniles. 

The hydrological conditions have a great influence on 
the population development of Gentiana pneumonanthe. 
On sites affected by drought, population density and vital
ity decreased, while episodical short-term flooding on these 
sites caused an increase of seedlings and shoot numbers. In 
contrast, the moister sites provided optimal conditions for 
the shoot growth of Gentiana pneumonanthe. The highest 
recruitment rate of seedlings was observed after long inun
dations which opened up many gaps within the vegetation 
through the die-back of other species such as Erica tetra/ix 
and Calluna vulgaris. 

Consequently, to promote and to stimulate existing 
Gentiana pneumonanthe populations, the best maintenance 
is to create as many small gaps and edges as possible by 
small-scale cutting or ploughing or moderate cattle grazing 
of the wet heathland within or in the neighbourhood of 
prevailing Gentiana populations. The advantage is that one 
does not disturb existing populations as a whole. This 
maintenance should be done every IO - 15 yr depending on 
vegetation development, especially Molinia dominance. 

Rhynchospora fusca 
The sod-cut Eispohl island was a young stand on 

oligotrophic sand, where Rhynclwspora fusrn clearly is a 
pioneer plant. It was best in rapidly closing up the stand. 
Once established, the species expanded vegetatively and 
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Fig. 6. Development of species cover in the4mx4m and 5 mx5 m grid plot on EP island between 1996 and 1998. Cover is estimated 
as mean cover of 16 and 25 grid squares. 
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resisted temporary drought. Rhynchospora appeared in an 
early stage of succession which is characterized by a high 
light availability because of a rather open canopy and a 
mineral soil where the formation of an organic top soil has 
not yet begun. 

Rhynchospora was growing best on the higher sites of 
the island (e.g. the 5 m x 5 m grid), which accordingly 
represents its most favoured habitat. In this stand the spe
cies almost reached its saturation within four years. Its 
further extension though will be limited by Calluna l'u!
garis and Molinia caerulea. 

In established communities, Rhynclwspora occurs only 
on sites where plants growth is limited by a very low 
nutrient availability and where a fluctuating water table 
causes disturbances. For a further development of 
Rhynchospora, it will be of crucial importance that larger 
blank gaps exist. In small gaps its appearance is only 
episodical. As the results from the experimental plots on 
Katzenpohl indicate, a breakdown of the Calluna and 
Erica heathland can be expected after a high water table 
event. A die-back of the heather vegetation would than 
open suitable habitats for Rhynclwspora. Therefore it is to 
be expected that Rhynchospora is more likely to survive 
close to the mean water table. 

Restoration <lspecies-rich wet heathland 
The success of restoration depends on several interacting 

conditions like seed availability from seed rain or soil seed 
bank, favourable conditions for germination, establish
ment within suitable vegetation structures, and successful 
development of mature, seed producing individuals 
(Willems & Bik 1998). In many cases introduction of seeds 
and of organic materials including seeds is necessary to 
provide better initial tloristic conditions. Hay material also 
offers suitable micro-sites for the germination and the 
survival of heathland species and acts as a mulch, conserv
ing moisture on skeletal mineral wastes and suppressing 
weed growth (Pywell et al. 1996). 

Comparing the two measures mowing and sod cutting 
with respect to wet heathland regeneration, our permanent 
plot study shows that sod cutting was the most successful. 
Mowing enhanced the growth of Erica tetra/ix and Calluna 
vulgaris and also of Gentiana pneumonanthe only for a 
short period after the first mowing of an old stand. Molinia 
caerulea however, the unwelcome species with its ability 
to dominate wet heathland stands and to withstand inunda
tions if once formed tussocks. had most difficulties to 
regenerate after sod cutting. Other wet heathland species 
may profit from this inhibition which was not observed in 
mown stands. The best development of species-rich 
heathland was observed on sod-cut stands with frequent 
but shallow inundations. 

Our study also shows, that sod cutting advantages pre
dominate for 10 and more years, but also depend on unpre
dictable events like water table variations. These may 
either lead to a promotion or to a total breakdown of the 
populations. If it is possible to maintain the same water 
table, breakdowns could be avoided and dynamics can be 
directed. 

Thus, to encourage a new succession and restoration of 
species-rich wet heathland with Rhynchospura fusca and 
Genticma pneumonanthe as the target species, the best 
maintenance is sod cutting. In species-poor stands domi
nated by Molinia caerulea or other grasses, larger areas 
should get sod cut whereas in existing species-rich stands 
only small-scale sod cutting or episodical grazing is needed. 
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Abstract. In order to test the usefulness of airborne scanner 
data for monitoring fen vegetation scanner data of the 
Wurzacher Ried site in southern Germany were acquired in 
1995. The data were recorded in six wavebands (visible, near 
infrared, thermal infrared) with a pixel size of I m x I m. For 
automatical supervised classification the Maximum-Likeli
hood algorithm was used. Thus a number of vegetation ele
ments, i.e. species and vegetation types, can be distinguished. 
The accuracy of class assignment differs: some classes are 
distinguished with high reliability whereas others are not. This 
is due to continuous transitions and fine-scale heterogeneity in 
fen vegetation, which does not meet the requirements of 
remote sensing. As a compromise, 15 classes where chosen to 
be useful in a monitoring programme because their assign
ment is highly reliable. In a random verification process 88% 
of the tested points were classified appropriately. In general, 
classes with less reliability can be avoided using classes on a 
lower level of detail. 

Keywords: Automatical Classification; Mapping; Maximum 
Likelihood Algorithm; Mire; Remote Sensing; Wurzacher Ried. 

Nomenclature: Oberdorfer ( 1990). 

Introduction 

For nature conservation and landscape planning data on 
vegetation are of critical importance. Such data can be 
acquired in several ways, each of which has specific advan
tages and shortcomings. One of them is remote sensing by 
means of an airborne multispectral scanner (Albertz 1991 ). 
This technique provides data, which are up-to-date, cost
efficient, already in a digital form and which allow a variety 
of analyses. Such systems have been investigated for natural 
vegetation (Weaver 1987; Treitz et al. 1992; Budd 1991; 
Klibler 1992; Ihse et al. 1992; Tucker 1980) but not yet for 
the special purpose of fine-scale monitoring of fen vegeta
tion. The question to be answered in the present paper is: 
Which fen vegetation elements (species, communities) can 
be identified by using airborne scanner data? 

The investigations were carried out in the Wurzacher 
Ried site ( ca. 1715 ha, Southern Germany, near Lake 
Constance). In 1989 it was awarded the 'European Di
ploma' because of its international importance. Therefore 
some measures have been planned to restore the affected 

parts (e.g. by raising the groundwater table) and to protect 
the undisturbed areas. The effects of the measures should 
be controlled by monitoring fen and bog vegetation change. 
Because of the sensitivity of the vegetation it was aimed to 
realize monitoring by means of remote sensing. 

For technical illustrations of scanning, digital image 
processing and automatical classification, see e.g. Jensen 
( 1986), Lillesand & Kiefer ( 1987), Jiihne ( 1989), Albertz 
(]991), Hildebrandt (1996). 

Methods 

The data were acquired on 29 June 1995 by the airborne 
DAEDALUS-MSS AA 3600 multispectral scanner, at a 
flying height of ca. I 000 m aboveground. The pixel size is 
Im x Im. Data were recorded in six wavebands: 

0.45 - 0.52 µm blue 
0.63 - 0.69 µm red 
0.91 - 1.05 µm near infrared 

0.52 - 0.60 µm green 
0.76-0.90µm near infrared 
8.50- 12.5 µm thermal infrared. 

Due to a technical problem there was no waveband in 
middle infrared (3.0- 5 .5 µm) available. Geometrical recti
fication and mosaic checking was carried out by the air 
flight company. The resulting file has a size of 400 Mega
bytes. For data analysis (automatical classification) we used 
the Maximum-Likelihood-Algorithm (supervised, i.e. the 
program used reference sites as examples) and the ISODATA
Algorithm (non-supervised, i.e. the program divided the 
whole area in a given number of units without any additional 
information) in ERDAS 8.2 Imagine and TNT-MIPS 5.7. 

Ground truthing data were taken from two existing veg
etation maps (produced in 1989 and 1990), from I :2.000 
colour infrared air photographs and from own vegetation 
sampling on reference sites in the summer of 1995. 

Results 

In the Wurzacher Ried data of fen vegetation 15 classifi
cation units could be distinguished (Table I). 
• The list consists only of units with high separability 
(even if in the following figures it might seem different); 
the criterion for selecting units was the classification accu
racy tested in a random process (see below). 
• Tree species individuals can be identified if their diam
eter exceeds ca. 3 m. Herb species can only be identified if 
they cover an area of at least IO m2, i.e. as a local 
monodominant stand. 
• The resulting classes are species, vegetation types and 
land-use types. It is not possible to restrict the choice to 
only one of these categories without renouncing valuable 
information. The property of a vegetation element to be 
detected by remote sensing data or not depends on several 
physical parameters. This property cannot be predicted and 
it is hardly comprehensible that one large and showy herb 
species can be detected and another one cannot, though it 
looks similar to our eyes. Thus the list of units achieved in 
automatical supervised classification (Table I) seems to be 
built up quasi-randomly. 
- The resulting list depends also in a special way on the 
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Table 1. Units achieved in automatical supervised classifica
tion (fen vegetation). 

Automatically classified units 

I Deciduous trees and bushes 
2 Picea ahies 
3 Pinus mugo 

9 Dry meadows 
IO Wet meadows 

4 Phragmites comm1111is/Phalaris arundinacea 
S Cal/1111a l'll!garis 

11 Mown meadows 
12 Fallow meadows 
13 Water 

6 Molinia caeru/ea 14 Roads 
7 C/adium mariscus 15 Shadow 
8 Schoenusferrugineus 

properties of the site, e.g. species combinations, vegetation 
structure, vegetation complexity, geomorphology. Hence 
the list can be transferred to other sites only under certain 
restrictions. 

Figs. I - 3 show three examples regarding the separabil
ity of classes. While some classes can be separated very 
well others are overlapping to a certain amount. 

In order to verify the reliability of the classification, 
randomly chosen points were tested whether their classifi
cation meets that of the real vegetation (Gammon & Carter 
1978, Kiibler 1992). 130 points of an arbitrarily set grid on 
the resulting classification map were compared with I :2.000 
colour infrared air photographs and recent vegetation map
ping ( 1995). For 88% of these points class assignment was 
matching the real vegetation class. 
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band). 

Discussion 

Figs. I - 3 show problems arising from the classification 
method: continuous transitions and fine-scale heterogene
ity in the natural vegetation cause overlapping in class 
assignment. Thus classification results are not absolutely 
reliable, though the verification result (88% appropriate) is 
quite good (Congalton 1991; Treitz et al. 1992; Maurer 
1983 ). There are some factors which contribute variability to 
the data and leave the results therefore less reliable, e.g. 
weather and sensor technique (Kuhn 1998). However, one 
of the most important factors here is definition of refer
ence sites. Although automatical classification is a tool 
which reduces interpreter bias on results, reference data 
still contribute variability and lessen the value of 
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automatical supervised classification for monitoring pur
poses (concerning natural vegetation). No matter if the 
same reference sites are used for two or more data acquisi
tion events (which might be separated by several years) or 
if every time new sites are defined, it is not possible to find 
sites with absolutely constant (or identical) vegetation over 
several years. 

One possibility to deal with that uncertainty is to restrict 
the classification to classes which can be identified with 
high accuracy, i.e. to diminish the level of detail. Technical 
developments might help compensating this loss of detail. 
New sensors are to be launched soon with improved spatial 
and spectral resolution (Mansberger 1998). Many multi
spectral scanners (in satellites or in aircrafts) collect data in 
5 - 15 wavebands which cover 50 nm - 5000 nm ( e.g. 0.45 
µm - 0.52µm, i.e. 70nm) respectively. Newer generations 
of sensors can use up to several hundred wavebands at the 
same time which are very narrow ( 10 - 20 nm). 
Nevertheless complex fen vegetation (high diversity in 
species composition and vegetation structure) is not a 
proper object for remote sensing, because it does not meet 
the requirements of remote sensing (large, homogeneous 
and well delimited areas). 
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Abstract. The wetland nature reserve at En Afeq, Israel, was 
the site of a pilot study for applying Dutch methods for 
conservation management scenario modeling to Israeli con
servation problems. Correlations derived from field data are 
used in scenario modeling to extrapolate changes in land
scapes when given changes in driving environmental factors. 
The extrapolations are in turn projected as map images (sce
narios) using GIS. The scenarios can be evaluated and com
pared in order to select an optimal management strategy. This 
paper outlines the conservation problems, theory and method
ology employed in the project. 

Keywords: Geographic Information System: Grazing: Hy
drology; Scenario; Wetland. 

Introduction 

One of the most critical tasks of nature conservation 
managers is deciding upon optimal management practices 
in order to achieve desired conservation goals. Such deci
sions require (I) clear definition of conservation objec
tives, (2) clear understanding of the consequences of man
agement, and (3) the ability to select an optimal policy 
from many possible management outcomes. This task is 
often made difficult by the complexity and stochasticity of 
ecological systems and ecological responses. Until re
cently, data analytical approaches have not been able to 
help conservation managers very well; ultimately the man
ager was left with some big leaps of intuitive guesswork. 
Among the more promising new approaches are those 
using computer-based decision support systems (DSS): 
interactive models of the system in question - for example, 
a nature reserve. One kind of DSS is the scenario: a model 
which uses both data analysis and expert opinion to project 
changes in landscapes through time on the basis of changes 
in driving environmental factors. 

Scenarios are not always spatially explicit models, but 
the usefulness of visual projection has made GIS interfacing 
between data and model very widespread. Maps of scenario 
projections are a powerful way of presenting and compar
ing scenario outcomes (van den Berg et al. 1984; Knaapen 
et al. 1992; Harms et al. 1993; Schippers et al. 1996) 

In conservation biology, different management regimes 
can be emulated on GIS, using different scenario options to 
predict whether a desired landscape condition can be 
reached, to search for an optimal management protocol, or 
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to anticipate undesirable changes. This is already a practi
cal management tool: scenarios are now being used gener
ally in The Netherlands as an aid to conservation manage
ment (see Anon. 1990) to assist in giving management 
recommendations and timetables for management regimes. 
This approach is being adopted in other countries as well 
(see Ridgley & Heil 1997). 

We are now conducting a pilot study of this approach in 
a selected Israeli nature reserve, the En Afeq Reserve in 
Western Galilee (Fig. I) . 

The steps involve formulation of relevant management 
questions, decisions about data needed to answer these 
questions, data collection in the field, data bank manage
ment, data analysis, modeling and projection of trends, and 
GIS-based computerized projections (scenarios) for conse
quences from different management decisions. 

Site description 

En Afeq Nature Reserve is 66 ha in area, of which two
thirds are in wetlands and one third are dry, including the 
Tel Afeq archaeological site. The reserve has been roughly 
mapped into 11 habitat types (Fig. I). En Afeq, only 4 km 
from the coastline, is the largest remaining freshwater 

En Afeq in Northern Israel 

Akko 

Haifa 

Main habitats in En Afeq Nature reserve 

/j. 
M 

Fig. 1. Map of En Afeq. Habitats are marked by letter codes: 
A= Open woodland of pine and cypress; B = Western swamp 
with tamarisk; C = Two mill-pond pools; D = River terrace 
area: E = Eucalrptus woodland; F = Water meadow with 
buffalo grazing; G = Eastern swamp with freshwater springs; 
H = Lake; I= Tel Afeq dry grassland; J = Pine plantation; K = 
Office and other buildings. 
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wetland on the Israeli coast. The reserve is surrounded by 
agricultural fish ponds and fields, in the highly urbanized 
Zebulon Valley. En Afeq is quite small but very diverse. 
There is a Crusader fort/flour mill and mill pond system 
which still regulate the flow of water through the nature 
reserve, the ruins (tel) of a 4 000 year old Canaanite/ 
Israelite town (see Joshua 19:30 and Judges I :31 ), and the 
freshwater springs which form the source of the Na'aman 
nver. 

En Afeq has a high conservation value because of its 
uniqueness, but is problematic because of its small area, 
heavy visitor pressure and vulnerability to extinctions, 
invasions, and pollution. Several management problems 
are recognized and dealt with actively (Table I). The major 
problem in the reserve is loss of water flow during the last 
50 years due to overpumping in surrounding areas. In the 
past, the discharge of springs on the Na'aman river was 
about 50-60 million cubic m/yr. Today only 10% of that is 
still discharged by the springs in the reserve. As a conse
quence, the wetlands and aquatic habitats have suffered 
from salinization. The average salinity of the Na'aman 
aquifer has doubled during the last 50 yr, and the salinity of 
the water in the nature reserve has increased correspond
ingly. Because of the salinization there has been an expan
sion of the halophytic Tamarix species and a loss of fresh
water plant genera such as Potamogeton and Nymphaea. 

Another major problem is related to grazing. The area 
has been grazed intensively over many decades, probably 
centuries, by Arab flocks and herds. When the reserve was 
established, grazing was initially excluded, but this re
sulted in severe encroachment by large annual thistles 
(Notobasis syriaca and Silybum mariana) which become 
dominant in the drier areas. Moderate cattle grazing under 
reserve management was quickly reintroduced to control 
these pest species in dry areas, and water buffalo were 
introduced experimentally as well to control these and 
other ruderal species in wetter areas. Although the grazing 

Table 1. Management goals and tools for En Afeq. 

Conservation goals 

reduces the amount of thistles, other species become prob
lematic. Hence a balanced grazing management has be
come important at En Afeq, and the appropriate type, level, 
and timing of management are problems to be studied in 
this project. 

Methods 

We have opted to use an analytical flow (Fig. 2) similar 
to that used in our Dutch field example at in the Drentse A 
(Schipper & Streefkerk 1993) with some modifications. 
We include one additional step: identification of goals. 

Defining the problem 
The first task in any conservation management problem 

is defining the goals. This has proven to be difficult since 
we often do not really know exactly what we want. We are 
sometimes exploring for options from which we can select 
the solution which 'looks' or 'feels' better, or the solution 
which is more pragmatic. In this case, goal definition may 
therefore work interactively with scenario projections which 
give us a 'picture' of our options. 

En Afeq already has goals stated in a management plan, 
written in 1989, updated in 1996. In that document, the 
original goals were (I) 'preserving the structure and func
tion of the habitats inside the declared reserve and the 
habitats along the Naaman river'. It gave tools to manage 
the reserve habitats but did not define the criteria to check 
whether the desired goals were achieved, nor did it define 
specific goals. It did state that one goal was (2) 'to deter
mine the preferred character of the reserve, relying on past 
and present data' (but the original plan did not define what 
is 'past' and 'present' nor specify habitats). The original 
management plan also specified the need, (3) 'to prepare 
management and water monitoring procedures for the re
serve' and the plan gave relatively specific instructions, but 
these were not updated in the last 10 yr and part of them are 

I. To represent the former extensive swamp landscape, species and dynamics as much as possible 
2. To maximize biodiversity 
3. To create and maintain high aesthetic value 
4. To protect rare and valued species 
5. To maintain low habitat fragmentation 
6. To maintain ecosystem structure and function integrity 
7. To restore and maintain naturalness of the landscape 
8. To heighten environmental awareness in the public 

Management tools and the goals they serve 
l. Data collection (survey and monitoring, research projects): all goals 
2. Reintroduction of former plant and animal species: goals I, 2, 4 and 7 
3. Creation of planted buffer zones: goals 3. 5 and 7 
4. Water input from outside to reduce salinity: goals l, 2, 3, 6 and 7 
5. Stopping input of polluted water in order to reduce eutrophication: goals I. 2, 3, 4, 6 and 7 
6. Grazing management: use of cattle and water buffalo under regulated conditions: goals I and 2 
7. Fire prevention: goal 3 (Note: The relevance for other goals must be tested.) 
8. Population control of problematic species: tamarisk, fish, blackberry: goals I, 2, 3, 4, 6 and 7 
9. Improvement of public access: goal 8 
I 0. Creation and maintenance of a public education center: goal 8 
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Fig. 2. Flow chart for creating scenarios. 

no longer relevant. Also, the original plan did not address 
some current issues such as environmental awareness, 
public pressure and tourism, and development of public 
facilities. 

In this study we are trying to be less vague than the 
existing management plan, and to adapt its goals to present 
conditions, needs and abilities. In En Afeq we have a 
particular problem in defining our goals since the land
scape is anthropogenic (Forman 1995), pristine conditions 
are unknown, and restoration raises the question 'what past 
landscape do we want?' Rather than use the primeval 
condition as our goal, we must identify a set of conserva
tion values which can be realized in a man-influenced 
environment. 

In the process of our study, a small group of conservation 
biologists familiar with the reserve and its history at
tempted to itemize our goals via expert opinion. These first 
efforts are presented in Table I. As we gain familiarity with 
modeling conservation management. and cooperation with 
our Dutch colleagues continues, the identification of quan
tifiable, useful conservation goals should improve. 

Data collection 
Initially we must rely heavily on expert opinion of staff 

members in the NNPPA and our associates to guide the 
definition of the ecosystems and their dynamics in En 
Afeq. So far we have been gathering expert opinion on 
vegetation and hydrological patterns and dynamics in a 
series of staff meetings and interviews with professionals 
in these fields. As data accumulate, the expert opinion on 
trends in vegetation in response to driving factors and 
management manipulations can be tested. 

Nearly all the goals and management tools described in 
Table I involve manipulations of vegetation. which in turn 
drive the dynamics of animal populations and communi
ties. Therefore, data collection for this study is currently 
oriented towards vegetation and factors affecting vegeta
tion. Surveys were and are being done on topography, 
hydrology, and vegetation. Monitoring of weather and 
grazing are being done as well. Details of these studies are 
described in a companion article (see Olsvig-Whittakcr et 
al. 1999). 

Data analysis 
Both statistical correlation analyses and deterministic 

models are being used as analytical tools in this study. 

Correlation of vegetation with the physical environment 
and grazing is currently being done by use of CANOCO's 
direct ordination methods (tcr Braak 1987) and other forms 
of multivariate analysis. 

The correlations determined by vegetation analyses are 
part of the information being used to develop a determinis
tic model for response of vegetation and selected plant 
species to grazing. This model is currently being developed 
by two of our Dutch graduate students using the Fortran 
Simulation Translator (C. Rappoldt and D.W.G. van 
Kraalingen, 1996). The model will be ground-truthed dur
ing the coming year. If successful, the predictions from the 
grazing model will also be used to drive the GIS-based 
scenanos. 

Scenario modeling 
Once adequate data bases are created and correlational 

analyses are completed, landscape responses to basic 
changes in environmental factors can be modeled. For 
mathematical projections. the polygons are converted to a 
raster system of cells with state variables. Changes in 
driving variables derived from the correlational studies 
will alter the status of raster cells in a stepwise fashion. 
mainly to conform with the needs of mapping (Star & Estes 
1990; Chou 1997). The changes can then be uploaded to 
ARC-INFO (Anon. 1996) again for mapping the new sta
tus of the cells. the scenario. 

The main environmental driving factors (salinization, 
periodic desiccation, Tamarix invasion. grazing intensity) 
will be modeled one by one. Landscape scenarios conse
quent on extreme values in these driving factors will be 
compared in an initial, exploratory stage. 

Evaluation 
Once extremes are estimated. combinations of more 

moderate management practices are compared. A set of 
scenarios are produced which can be evaluated (cf. Harms 
et al. 1993). We will develop semi-quantitative value scales 
for different states of the environment for conservation 
goals such as biodiversity, stability, connectivity of the 
landscape, ecosystem function, protection of rare species, 
etc. Once we have these scales, we will weight each sce
nario outcome according to the values assigned to it for 
each conservation goal. 

We will begin by using the expert opinion-based conser
vation evaluation strategy used by the NNPPA, assigning 
qualitative values for different scenario outcomes (essen
tially an intuitive vote by experts). If the current evaluation 
system is not adequate for assigning values (as is likely), 
we must improve it in by consultation with other conserva
tion organizations such as the Dutch State Forestry. Given 
several scenario 'pictures', we rank based on a semi
quantitative system (sec Harms et al. 1993 ). For example. 
if we have 20 possible scenarios, we can 'score' them 
according to their contribution to our conservation values 
as ·good' or 'bad'. 

Once a management plan is agreed upon and imple
mented. the scenario models can be compared to the actual 
consequences of the management. In The Netherlands, the 
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situation on the ground is compared to the scenario ap
proximately every five years. This kind of ·ground-truthing' 
for the model can be used to better guide the management 
as it becomes more refined. 
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Abstract. Essential factors in wetland restoration are water 
level and groundwater quality. To support and preserve the 
vegetation of a nutrient-poor fen ( Caricion nigrae) in the Lake 
Hohn area, Northern Germany, the water level was increased 
so that floods occur in winter. Fertilization of surrounding 
farmland was stopped in 1991. 

In seven years the vegetation developed from Lo/io
Potentil/ion and Cynosurion to Magnocaricion, Caricion ni
grae (a frame community) and Calthion. There is also a shift 
from former Caricion nigrae to Magnocaricion and Phrag
mition communities. The species composition of the newly 
established and the older Caricetum nigrae is different. Only 
the older stands include indicators of mesotrophic soils such as 
Sphagnum spp., Pedicularis palustris and Succi.1·a pratensis. 

According to an analysis of biomass. soil and groundwater 
composition the mire can be characterized as a poor fen. The 
low-productive vegetation is phosphorus-limited due to the 
influence of rain water. However, inundation of P-rich lake 
water may turn the poor fen into a fluviogenous fen with tall
growing Magnocaricion vegetation. 

Nutrients have traditionally been removed by cutting, crop 
removal and grazing. High water levels prevent the use of 
machines and result partly in an undesired abandonment. 
Moderate rising of the water level and a consequent cutting 
and grazing regime are discussed as the optimal solution. 

Keywords: Caricetum nigrae; Groundwater compos1twn; 
Hydrology; Impoverishment, Nutrient; Pedicularis palustris; 
Phosphorus availability; Renaturation; Rewetting. 

Introduction 

Fens in central Europe have been damaged by drainage 
and fertilization in the last decades and centuries (e.g. 
Succow 1988; Pfadenhauer & Klotzli 1996). As a result, 
hydrology, chemical and physical soil properties are al
tered, sometimes irreversibly (Eggelsmann 1990). 

In recent years much effort has been made to restore fens 
and their characteristic vegetation. The success depends on 
the level of peat degradation, water levels, the quality of 
ground- and surface water, seed banks and the utilization 
regime. Restoration measures can vary between discharge 
fens fed by calcium-rich groundwater and recharge fens 
influenced either by rainwater or by river water (Koerselman 
& Verhoeven 1995 ). 

In this paper we focus on a fen receiving partly rain water 
and partly river water but actually not any calcium-rich 
groundwater. The hydrology causes a transition in plant 
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cover from low-growing poor fen vegetation ( Caricetum 
nigrae) to tall-growing rich fen vegetation with tall sedges 
like Care:r: acutll and reeds as Phragmites australis and 
Glyceria maxima. The aim of this study is to show the 
reaction of the vegetation to an altered water regime and to 
assess changes of water quality and soil properties. 

The study area 

The Lake Hohn area is a nature reserve situated in 
Schleswig-Holstein, Northern Germany, in the extensive 
wetland system of the rivers Eider, Treene and Sorge. The 
area displays characteristics of an oceanic climate with 847 
mm mean annual rain fall and an average annual tempera
ture of 8 °C. It is surrounded by bogs and moraines formed 
by the Saale glaciation. 

The lake is shallow with a maximum depth of I m. The 
lake water is rich in nutrients, especially phosphorus, due 
to a former wastewater inlet from a nearby village and to P
leaching by peat mineralization from a neighbouring drained 
bog. The high nutrient content of the water effects a rapid 
terrestrialization of the lake. The water drains off through 
the small river Rinne. 

The surrounding organic soils consist of mud deposits, 
fen peat and hog peat depending on the distance from the 
lake or the bog. The fens and wet meadows have been 
cultivated partly intensively and partly moderately by late 
mowing and grazing. Central parts of the fen have never 
been artificially fertilised. 

Depending on soil, water level and cultivation intensity 
different vegetation types have developed: tall growing 
reeds and tall sedges under very wet conditions (Phragmition 
and Maf?nocaricion ), stands with low sedges in moderately 
wet and cultivated sites ( Caricion nigrae) and high produc
tive Lolio-Potentillion and Cynornrion communities where 
utilization has been more intense. 

The restoration project 

From 1986 to 1991 restoration measures were conducted 
with the following aims: 
• Conservation and improvement of the endangered flora 
and fauna of wetlands - rare fen plants, waders and water 
fowl; 
• Creation of lloodings similar to the natural regime be
fore embankments and drainage at the beginning of the 
20th century; 
• Reduction of the nutrient content of the lake water in 
order to delay rapid terrestrialization. 
To achieve the targets, fertilization of the meadows was 
stopped and the utilization was reduced to a moderate level 
with grazing and cutting, where it was possible. The water 
level was increased by a dam in the river about 50 cm in the 
summer and 80 cm in the winter. This leads to a water table 
little below the surface of the central fen part and to floods. 
The wastewater inlet into the lake from the village was 
ceased. 
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Methods 

Vegetation survey 
The plant communities of the nature reserve were mapped 

in 1987 (Koelbel 1995) and remapped in 1997. Addition
ally different types of the Caricion nigrae have been ana
lysed regarding species composition and chemical charac
teristics (content of N and P). These types included stands 
with Sphagnum, Molinietalia and with Magnocaricion spe
cies. 

Hydrology and soil 
A transect with seven sample sites was established from 

the river through the central fen part up to the elevated 
margin (Fig. I). Groundwater tubes (piezometers) were 
placed along this transect in the depth of 50 cm. Water was 
sampled in spring, summer and fall and analysed for the 
nutrients nitrogen, phosphorus and potassium. Soil sam
ples were taken in late summer from each horizon to a 
depth of 2 m and analysed for pH and C:N ratio. 

Results 

Vegetation changes 
The whole area has undergone vegetation changes with 

two major developments. Firstly, tall growing reeds, mainly 
Glyceria maxima, Carex acuta, Phalaris arundinacea and 
Calamagrostis canesccns, could spread and establish due 
to higher water levels and a decreased utilization intensity. 
These species dispersed into former stands of Caricion 
nigrae and Lolio-Potentillion. 

Secondly, Caricion nigrae stands have newly derived 
from former Lolio-Potentillion and C_rnosurion vegeta
tion, increasing the total covered area by twice as much as 
in 1987. 

Analysis of the species composition of the Caricion 
nigrae stands that already existed before the rewetting and 
newly developed stands differed (Table I). The older parts 
included types of the Caricetum nigrae with Sphagnum 
and Molinietalia species. Here, not only a reasonable number 
of stenoecious fen species can be found such as Pedicularis 
pa/ustris, Care:,:: canescens and C. echinata, but also 
Molinietalia species as indicators of nutrient-poor soils 
( e.g. Succisa pratensis). 

The younger stands mainly consist of euryoecious fen 
species such as Carn: nigra, Carex x elythroides and 
Agrostis canina and show floristic similarities to Magno
caricion communities. Due to a lack of species characteris
tic or the Caricetum nigrae this vegetation type represents 
a Caricion nigrae frame community. 

Hydrological and pedological characteristics 
The pH in soil and water along the transect indicates a 

lens of precipitation water in the upper horizons of the fen 
leading to acidic conditions (e.g. Grootjans 1985; van 
Diggelen et al. 1991 ). which is typical of the centre of an 
acid-poor fen. The C:N ratio of the soil in most horizons 
ranges between IO and 15, pointing to a strongly humified 
peat in all parts of the fen. 
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Fig. 1. Nutrient content in the groundwater (50 cm deep) and 
river water: transect from the fen margin through a wet depres
sion along the central fen part to the river (average and 
standard deviation). 

The major nutrients also show a characteristic pattern 
along the transect (Fig. I). The phosphorus concentration 
in the river water is high with more than 0.2 mg P04-P/l. In 
the groundwater of most parts of the fen this concentration 
is relatively low, while it is slightly higher in the wet 
depression and high at the fen margin. The NH4 content is 
lowest in the fen parts with the highest water levels and 
only high at the fen margin where the water table falls more 
than 50 cm below the surface. The K-concentration is very 
high in the river water, low in the central fen part and high 
again in the wet depression and at the fen margin. 

These results indicate that the managed high water level 
can reduce mineralization of the peat but also that the 
floodings could have increased the input and solubility of P 
and K. The river and lake water quality has not yet im-

l' 
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Table 1. Species composition of different types of the Caricion 
nigrae. Average species numbers from the communities 
Scheuchzerio-Caricetea (S-C), Molinio-Arrhenateretea (M-A) 
and Phragmitetea (Ph). 

S-C M-A Ph 

Caricetum nigrae with Sphagnum II 8 
Caricetum nigrae with Molinietalia species 9 10 2 
Caricion nigrae frame community 4 3 3 

proved since the beginning of the restoration measures. 
Chemical analysis of the biomass from Caricion nigrae 

communities points to different nutrient limitations (Table 2). 
Only the type with Sphagnum species shows an N :P ratio of 
more than 15, indicating a phosphorus limitation (Koersel
man & Meuleman 1996). The N :P ratios of the other 
vegetation types are around 15 or below suggesting an NP 
co-limitation or an N-limitation. 

Consequently the P-limitation of a main target vegeta
tion type could be lifted by the floodwater. On the other 
hand an increased influence of precipitation water in the 
upper horizons could also result in nutrient impoverish
ment. Thus, two contradictory hydrological scenarios exist 
depending on the managed height of the water table. 

Discussion and Conclusions 

Consequences for the vegetation 
The vegetation development in the Lake Hohn area is at 

the present time in a fragile state. In many places the drier 
fen parts have not yet been sufficiently impoverished by 
crop removal so that many of the endangered target species 
could not establish so far. In the wetter fen parts these 
species decreased. 

Abandonment is probably a major factor for vegetation 
changes in many of the fen meadows. Although there has 
always been a nutrient input by floodings during the last 
centuries, biomass was harvested regularly which resulted 
in an impoverishment supporting Caricetum nigrae veg
etation. Additionally disturbance by man and cattle could 
preserve gaps in the plant cover for low-competitive spe
cies (e.g. Grime 1979). In many years the very wet condi
tions prevent both the use of machines and the grazing of 
cattle. Thus tall-growing species with clonal growth absorb 
incoming nutrients without losing them through mowing. 
They replace low-growing species that depend on frequent 
germination in vegetation gaps. 

A crucial point for the survival of the fen species is their 
dispersal towards the more elevated fen parts. All target 
species are still present in the actual vegetation until now, 
so there is a possibility for dispersal. In the case of 
Pedicularis palustris most individuals grow in wet locali
ties that are hardly reached by cutting in wet years. So far, 
this species was not yet able to spread out effectively. 

The challenge for the next years will be to impoverish 
the soil effectively and to spread diaspores to enhance 
establishment of the target species. Until that point the 
conservation of the plant populations has to be assured. 

Table 2. Phosphorus and nitrogen content and N:P ratio in 
biomass of different types of the Caricion nigrae. Phosphorus 
and nitrogen concentrations are shown for 11 July (normal 
mowing time) and for four different sampling times from 21 
May to 22 August (in brackets). The average N:P ratio and the 
standard deviation (in brackets) represent the sampling times. 

mg P/gdrw mg N/g dr\\ N:P ratio 

Cw-;cctum n(~rae with Sphagnum 0.7 18.1 25.8 
( 1.4-0.7) 126.6 - 21.8) (6.5) 

Caricetum nigrac with 1.0 18.4 16.4 
Molinietalia species ( 1.5 -0.7) (47.7-178) (2.9) 

Curicio1111igrae u 13.4 8.6 
hasic community n.2 - 1.2) (29.4 - 11.2) ( 1.8) 

Consequences for the hydrologirnl regime 
As shown, poor fens can be sensitive to rewetting de

pending on the hydrology. In this case not only the direct 
nutrient input by the tloodings is a problem to deal with but 
also the higher P-solubility in the soil. The decreasing 
redox potential can lead to an increase in pH and to an 
increased P-solubility as shown for the mostly inundated 
depressions (cf. Caraco ct al. 1989: Vermeer & Joosten 
1992; Koerselman & Verhoeven 1995). The hydrology in 
this fen is different from rich fens with Ca-rich groundwater. 
where the Ca-ions can bind P (Wassen & Barendregt 
1992). Still, the acidification of fens can also have been 
caused by a lowering of the water table during the last 
centuries (Schot & Molenaar 1991 ). However. peat miner
alization and N-release from the peat can be delayed with 
high water levels and a low redox potential as indicated 
with NH/ contents within the transect (Grootjans et al. 
1985 ). On the other hand also increased NH/ concentra
tions have been observed after rewetting in the topsoil 
(Eschner & Lisle 1995). 

The specific hydrology results in a fragile balance be
tween a poor fen fed by rain water and a tluviogenous fen 
dominated by lake water. Depending on the management, 
the fen can easily develop to one or the other side. 

Implications j(1r nature management 
This project deals with an appropriately managed water 

level in order to reach the restoration targets. Besides the 
water chemistry, the utilization regime is crucial for veg
etation development. Consequently the water level should 
be risen carefully. First of all an impoverishment by regular 
grazing and cutting should be achieved. which can take up 
to IO yr before sufficient results are reached (Pfadenhauer 
& Klotzli 1996 ). Secondly, species should be dispersed and 
the water level has to be risen. In a fragile system as a 
cultivated poor fen. rewetting is easily overdone. Further 
time and research is needed to find out whether species like 
Pedicularis palustris and many other fen and wet meadow 
species (Schrautzer et al. 1996) manage to spread out from 
recent populations by themselves or if measures such as 
sowing or transplanting are necessary to preserve them 
from extinction. 
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Abstract. Mire development due to lake terrestrialization is a 
common process occurring throughout Latvia. Mires of this 
kind of origin dominate in strongly hilly regions such as the 
Central Vidzeme and South Latvia geobotanical regions. The 
study lakes represent a group of small lakes, where, in the 
process of terrestrialization, mainly quaking mire vegetation 
has developed. The small size and depth, the lowering of the 
water table of the study lakes have favoured terrestrialization. 
The studied quaking mire vegetation includes the associations 
Caricetum rostratae. Caricetum lasiocarpae, Caricetum 
limo.we and Carici-Menianthetum. The Carex rostrafa com
munity was the most common plant community in the filling
in lakes. The Caro: lasiocarpa and Carex- Menianthes trifciliata 
communities were bordering open water, while the Carex 
rostrata plant community was found more landwards. The 
vegetation data was treated using the computer programme 
TURBO(VEG) (Hennckens 1995). 

Keywords: Lake terrestrialization; Mire plant community; 
Synoptic table. 

Nomenclature: Tabaka et al. ( 1988) for vascular plants; Smith 
( 1993a. b) for bryophytcs. 

Introduction 

Mire formation by terrestrialization of lakes is present 
throughout Latvia. Mires of this kind of origin dominate in 
the Central Vidzeme and in the South-East Latvia due to 
hilly relief with many lakes in these areas (Tabaka ct al. 
1990). Different mire communities can be distinguished in 
filling-in lakes. Mire vegetation of a number of filling-in 
lakes in Latvia was studied in 1995/1996 (Pakalne et al. 
1996) and it was concluded that the filling-in lakes could 
support large species and plant communities diversity even 
if they were of small size. In areas where other mire types 
do not occur, these habitats are the only left for many rare 
mire plant species (Susko 1997). Still the quaking mire 
vegetation of Latvia is imperfectly known. 

The aim of the study was to obtain information about the 
quaking mire vegetation in Latvia. 

Study area 

The study area is located in northeast Latvia, in the 
Central Vidzeme geobotanical region (Fig. I). about 125 m 
a.s.l. (Kabucis 1995). 57° 30'N. 26° OO'E. on the northeast 
slope of the Yidzeme Upland. Geologically the study area 
is represented by morain hills and a morain plain formed by 
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sandy fluvioglacial sediments. According to the FAO clas
sification the dominating soil types in the study area are 
eutric gleysols and mo Ilic gleysols in relief depressions and 
eutric podzoluvisols on relief elevations (Nikodem us 1998). 
The height above sea level causes special climatic features 
in the Vidzeme Upland. The climate is considered to be the 
coldest in Latvia. It is characterized by long and severe 
winters. a short frost-free period (less than 120 days) and a 
low effective temperature sum ( 1800 °C) (Tabaka et al. 
1990; Laasimer et al. 1993; Aboltins 1995). The mean 
annual temperature is 4.0° - 4.5 °C and the mean annual 
precipitation 600 mm/yr. There are almost no raised bogs 
in the study area. Quaking mires of filling-in lakes domi
nate in this geobotanical region (Tabaka et al. 1990). 

Methods 

Quaking mire vegetation of filling-in lakes was studied in 
northeast Latvia. in the Central Yidzeme geobotanical region 
(Tabaka et al. 1990), in the Vidzeme District of Spruce 
Forests according to Laasimer (Laasimer et al. 1993) (Fig. 
I). To describe mire vegetation of filling-in lakes releves of 
I m x I m size were made in floristically homogeneous plots. 
The Central European mire classification approach (Dierssen 
1982) was used to distinguish and classify mire vegetation of 
filling-in lakes. For mire vegetation analysis computer 
programme TURBO(YEG) (Hennekens 1995) was used. 
Altogether 199 releves were analysed. 
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Fig. 1. Location of the study area. Gcobotanical districts of the 
Baltic Region (after Laasimer et al. 1992). 
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Lake classification 
According to earlier lake classifications (Maemets 1974; 

Lcincrtc 1988) the study lakes belong to dystrophic, 
dyseutrophic and hypereutrophic lake types. Dystrophic 
lakes are characterized by low water transparency ca. Im), 
brown water colour, accumulation of humic substances and 
species-poor vegetation. The origin of the humus is the 
surrounding forests on peat soils or bogs. After the leakage 
of nutrient rich waters into dystrophic lakes and conse
quently the accumulation of both the organic and humic 
substances, lakes are classified as dyseutrophic. In hyper
cutrophic lakes the water is oversaturated with nutrients 
and the accumulation of organic substances is very rapid. 

Results 

Lake characteristics 
The studied lakes belonged to dystrophic, dyseutrophic 

and hypereutrophic lake types (Susko pers.comm.). Most of 
the studied lakes were small and shallow. The area of four 
study lakes did not exceed I ha and the areas of four other 
lakes were between I and 5 ha. The largest were Kalmodu 
( 18.9 ha) and Cepla ( I 0.4 ha) (Table I). The maximum depth 
of the lakes varied between I m in Bezdibinis and Podinu 
lakes to 6.4 min Cepla Lake (Table I). The water colour was 
brown in all the lakes because of the accumulation of humic 
substances. Therefore the water transparency was rather low 
- up to I m even in the deepest Ceplu Lake. Only two lakes 
were located on the forest edge, the rest were completely 
surrounded by coniferous forests (Susko pers. comm.). 

VeRetation characteristics and structure 
The studied vegetation represented quaking mire vegeta

tion formed in the process of lake terrestrialization. Mainly 
treeless transition mire vegetation was found in the studied 
filling-in lakes. In some lakes recd beds were present. The 
shrub layer occurred in two of the studied sites. The well 
developed quaking SphaRnum carpets with loose to dense, 
medium-high stands of sedges and other helophytes char
acterized the vegetation structure. Different vegetation 
fringes bordering open water can be distinguished (Fig. 2), 
where often aquatics and brown mosses were observed. 
Species-poor to moderately species-rich vegetation. 

The plant communities 

Four transition mire plant communities were distinguished 
in the studied filling-in lakes and according to the Central 
European mire classification approach (Dierssen 1982, Pott 
1992) assigned to the associations Caricetum rostratae Osvald 
1923 cm. Dierssen 1982, Caricetum lasiocarpae Osvald 
1923 cm. Dierssen 1982, Caricetum limosae Osvald 1923 
em. Dicrssen 1982 and Carici-Menianthetum S6o 1955. 

The Carex limo.1·a community 
A plant community with Carer limosa was described 

only in Podinu Lake, where it covered the main fen area. 
Because of the dystrophic type of the lake (Table I), the 
species-poor vegetation dominated there. Only 14 plant 

Table 1. Characteristics of the studied filling-in lakes (Susko 
pers. comm.). In all lakes the water level was lowered except 
Klievzers where the change was unclear. In Tela fishing caused 
some extra nutrient supply, while in Zummers and Klievezers 
this was caused by recreation. 

Lake and its Size (ha) Max. Lake type Species 
vegetated area (%) depth (m) number 

Podinu (5) 0.59 1.0 Dystrophic 14 
Ceplu (20) 10.4 6.4 Dyseutrophic 18 
Askina ( I 00) 0.13 1.7 Hypereutrophic 21 
Babenis (25) 0.30 1.9 Dyseutrophic 22 
Melluzis (36) 1.19 1.7 Dyseutrophic 18 
Bezdibinis (-100) 0.5 1.0 Hypereutrophic 32 
Tela (23) 2.13 3.8 Dyseutrophic 36 
Zummers ( 14) 1.2 3.1 Dyseutrophic 40 
Kalmodu (90) 18.9 1.5 Hypereutrophic 43 
Klievezers (-100) 3.16 1.0 Hypcreutrophic 50 

species were recorded in this plant community. Carex 
limosa, Calla palustris and Scheuchzeria palustris were 
the most common species in the herbaceous layer and 
SphaRnum .flexuosum was the dominant moss species. 

The Carex-Menianthes trifoliata community 
The plant community with Menianthes trif"ofiata was 

distinguished bordering open water in Askina Lake. The 
conspicuous cover of Menianthes tr(foliata characterized 
this plant community. Associates were Carex lasiocarpa, 
Carex limosa and the moss layer included mainly SphaR
num fl.exuosum and S. fallax. The Carex rostrata commu
nity occupied the rest of the quaking mire area. 

The Carex rostrata community 
The Carex rostrata plant community was present in all 

the studied filling-in lakes and covered the largest quaking 
mire areas located more landwards from the open water. 
Species composition was characterized by Carex rostrata 
as dominant species. The most common associates were 
Comarum palustre, Menianthes trifc>liata, Oxycoccus 

Fig. 2. Profile of the studied filling-in lakes. 

.~· 
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palustris, Calla palustris, Carex limosa and Drosera 
rotundifolia. The moss layer was represented by various 
Sphagnum species, mainly by Sphagnum fiexuosum with 
small patches of Sphagnum contortum, S. teres, S. squar
rosum, S. angustifolium and S. palustre. (Table 2). The 
brown moss species Calliergon stramineum was observed 
among the Sphagnum species in most of the studied sites. 
In three studied sites Chamaedaphne calyculata was 
growing, which is a characteristic species of raised bogs 
and transition mires in eastern and central Latvia. Three rare 
and protected species in Latvia were found within the Carex 
rostrata community - Betula nana, Hammarbya paludosa 
and Galium trifidum. The mean species number in the Carex 
rostrata community was 19.8. 

The Carex lasiocarpa community 
The Caricetum rostratae was separated from open water 

by a narrow (ca. I m) fringe vegetation, where Care:,; 
lasiocarpa dominated. A Carex lasiocarpa community was 
distinguished here. Besides the different mire plant species 
also aquatics like Nuphar pumila, Nymphaea candida and 
Potamogeton natans were present. In comparison with the 
studied Care( rostrata community, the following plant 
species: Cicuta virosa, Scutellaria galericulata, Peucedanum 
palustre, Galium trifidum, Thelypteris palustris and 
Eriophorum gracile were more frequent (Table 2). Common 
associates were Menianthes trifoliata, Comarum palustre 
and Carex rostrata. The moss layer was formed mainly by 
Sphagnum fiexuosum. Brown mosses like Calliergonella 
cuspidata, Calliergon giganteum and C. cordifolium were 
recorded mainly in this plant community. A different Carex 
lasiocarpa community was found in the Klievezers Lake. 
In comparison with the other studied Care;,; lasiocarpa 
communities this one occupied a large area more landwards 
in contact with the lake banks and was more species rich. 
The well-developed shrub layer included the following 
species: Salix rosmarin/fo!ia, S. pentandra, S. lapponum 
and S. cinerea. 33 plant species were found, including 
Carex lasiocarpa, C. limosa, C. chordorhiza, Menyanthes 
tr(foliata, Comarum palustre, Equisetum .fluviatile and 
Oxycoccus palustris as the most frequent ones. Species 
richness was supported by diverse moss species. Together 
with Sphagnum warnstorfii and S. flexuosum also 
Rhywmnium punctatum andAneura pinguis were growing 
there. Rare and protected plant species in Latvia Galium 
tnjidum and Dactylorhiza maculata were recorded within 
this plant community. The mean species number in the 
Carex lasiocarpa community was 23.5. Carex rostrata and 
Carex lasiocarpa communities were distinguished on 
mineral substrate in Kalmodu Lake as well, supported by 
species such as Nuphar luteus, Comarum palustre and 
Potamogeton natans. 

Discussion 

Terrestrialization (Verlandung) is taking place in all the 
water bodies (Succow & Jeschke 1980). A large number of 
factors like lake depth, size, size of the catchment area etc. 

Table 2. Synoptic table of the studied mire vegetation. I = 
Caricetum rostratae; 2 = Caricetum lasiocarpae; 3 = Caricetum 
limo.we; 4 = Carici-Menianthetum. *Only the most important 
plant species are listed. 

Syntaxon 
Number of rclcvCs 

Ch 1 Carex rostrata 
Ch2 Carex lusiocarpa 
Ch3 Carex limosa 
Ch4 Menyanthes tr(f<,liata 

Class Scheuchzerio - Caricetea nigrae 

1 
112 

V' 
+' 
ll' 
111 

Carex cw1esce11s 11 
Viola palustris r 1 

Order Scheuchzerietalia palustris 
Scheuch-:..eria pafustris 

Alliance Caricion lasiocarpae 
Comarum paf11stre 
Equisetum flu\'iatile 
Calliergon strnmineum 
Aneura ping11is 
Eriophorwn m1gust!folili111n 
Bryum pseudotriquetrum 
Carex diandra 
Calliergon gigcmtewn 
Cullicrgonella c·uspidata 
Erioplwrwn gracile 

Class Phragmitetea 
TYpha lati{olia 
Lycopus europaeus 
Calliergon cordfolium 
Phragmites austral is 
Order Magnocaricetalia 

Alliance Magnocaricion 
Naumburgia thyrs(/7ora 
Peucedanum palustre 
Scutellarin galericulata 
Cicuta \'irosa 
Calmnagrostis canescens 

Other species 
Calla pa/ustris 
Oxycocn1s palustris 
Sphagnum flexuoswn 
Sphagnum fa/lax 
Splwg,111111 angust(foli11m 
Nuphar pumila 
Potcmwgeton natcms 
Drepanocladus aduncus 
Len11w minor 
Nyrnplwe(l candida 
Thehpteris palustris 
Drosera rotund1fi1lia 
Erioplu,rum \'aginuwm 
Stellaria palustris 
Hammarbya paludosa 
Sphagnum teres 
Sphagnum magellanicum 
Carex chordorrhi:a 
Salix rosmarinif(,/ia 
DactY!(Jfhi:a ,naculata 
Splu;gnum pulustre 
Salix pentandra 
Sa/1\ lapponum 
Rhyll(-Jwspora alba 
Clwmaedaphne calyculata 
S'p/wgnum l'Ollt<,rtum 
Bewla nana 
Andromeda pol(folia 
Campylium polygamum 

11' 

11' 
r' 

lll' 

,, 
r' 

r' 

+' ,, 
,, 

+' 
11' 
+' 
+' 

Ill' 
V' 
yos 
+1 

+2:i ,, 
r' 
r' 

,, 
Ill' 
l' 
r' 
r' ,, 
,, 

r12 

,, 
,, 
" rS.:'i 

r' 
+' 

74 

lll' 
V' 
11' 
14 

11' 

,, 

y1 

l' 
11' 
r' 
I' 
+' 
+' 
+' ,1 
+' 

II' 
l' 
r' ,, 

Ill' 
11' 
l' 
11' 
r' 

lll4 
Ill' 
y26 

+" 
+22 ,, 
l' ,, 
I' 
+' 
F 
l' 

I' 

r' 

l' 
+' 
r' 

r' 
+' 

I' ,, 

J 
8 

y; 

11' 

11' 

I' 

IV' 
I' 

y-t~ 

Ill' 
I' 

Il' 

I' 

4 
5 

V' 
IV' 
y.s 

Il' 

I' 

l' 

I' 

,, 
V' 
y19 
11 
I' 

JV' 
I' 

I' 

has the influence on lake development (Leinerte 1988; 
Rieley 1990). The small size and depth of most of the 
studied lakes (Table I) (Susko pers.comm.) are good pre
conditions for lake terrestrialization (Leinerte 1988). The 
surrounding forests prevent the rapid inflow of above ground 
waters from the catchment area into lakes and conse-
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quently the enrichment of lakes (Leinerte 1988). The influ
ence of other factors towards the terrestrialization pre
dominates. The high percentage of the vegetated area in 
three lakes (Bezdibinis, Askina and Klievezers lakes) (Table 
I) can be explained by the small size and depth of these 
lakes, but in Kalmodu Lake - through the contact with 
agricultural land with the subsequent input of nutrient-rich 
water. All the lakes with the highest percentage of the 
vegetated area are of hypereutrophic type (Table l ). In four 
other lakes the vegetated area varies from 23 to 36%. Only 
5% of the lake area are covered with vegetation in Podinu 
Lake despite of its small size (0.59 ha) and depth ( 1 m), 
because of the dystrophic type of the lake. Lake 
terrestrialization depends also on wind action (Leinerte 
1988, Susko 1990). In small lakes, where the influence of 
wind is insignificant, the vegetation develops all around 
the lake as it was observed in all the small studied lakes. In 
the two largest Kalmodu and Ceplu lakes terrestrialization 
was most expressed on the most shallow lakeside sheltered 
from winds, because in large lakes the lakeside exposed to 
wind is washed out (Spuris 1958; Leinerte 1988; Rieley 
1990) or in small hays or by the inflow of rivers and brooks. 
Lake terrestrialization is a natural process proceeding in 
lakes, still besides the natural succession of lakes, land 
drainage, leakage of nutrient rich water into lakes, fish 
baiting favour the lake terrestrialization (Susko 1997). In 
most of the studied localities land drainage with the 
following lowering of the water level was observed and in 
two lakes intensive recreation was taking place, which had 
influence on the lake development. There are rare and 
protected species in Latvia which distribution is closely 
related to filling-in lakes and quaking mires. The filling-in 
lakes can support rare and protected orchids such as Malaxis 
monophyllos, Liparis loeselii, Epipactis palustris, 
Hammarbya paludosa and Dactylorhiza incarnata. Two of 
the orchids like Hammarbya paludosa and Dactylorhiza 
maculata and two other rare vascular plants Betula nana 
and Gali um trifidum are present in the study sites. A number 
of Galium trijidum and Hammarbya paludosa localities 
were recorded from filling-in lakes of southeast Latvia 
(Susko 1997). The distribution of Betula nana in Latvia is 
confined to large raised bogs and filling-in lakes mainly in 
the eastern and northern parts of Latvia. It is a relict species 
in Latvia and is recorded in many palinostratigraphic 
records. The species was common and widespread in all of 
Latvia during the Younger Dryas (Pakalne & Kalnina 1999). 
The rare aquatic species Nuphar pumila characterizes the 
studied lakes. Nuphar pumila occurs in dystrophic, 
dyseutrophic and even eutrophic lakes in the central and 
eastern Latvia and grows close to the southern limit of its 
distribution area (Fatare 1992). Transition mire, moder
ately rich fen vegetation and also bog vegetation can be 
found in the quaking mires of Latvia. The studied quaking 
mires include transition mire vegetation. The most species
poor vegetation occurs in the dystrophic Podinu Lake, 
where altogether only 14 species were recorded. The largest 
number of species was observed in the lakes Zummers, 
Klievezers and Kalmodu (Table I). It may be explained by 
the lake enrichment due to recreation in Klievezers and 

Zummers (Table I) and due to the location of Kalmodu in 
contact with agricultural land. The communities bordering 
open water are more species-rich than the communities 
located more landwards in filling-in lakes, because of the 
better nutrient supply due to direct contact with lake water 
(Zimmerli 1988). The species richness in the Carex 
lasiocarpa community bordering open water is larger than 
in neighbouring communities. Also there are species 
strongly confined to the fringe vegetation like Cicuta virosa 
and Carex pseudoc_\perus. Two other species - Comarum 
palustre and Menianthes trifoliata- grow in the open water 
bordering zone and also in neighbouring communities. The 
most vigorous specimens occur in the vegetation fringe 
close to open water, which reflects the influence of a better 
nutrient supply. 

The vegetation located close to the lake banks represents 
more species-rich vegetation, which is also due to the 
influence of drainage water from the catchment area 
(Zimmerli 1988). It can be observed in Klievezers, where a 
species-rich Carex lasiocarpa community is found close to 
the lakeside with a well-developed shrub layer and small 
hummocks of Sphagnum warnstorjii. The Carex-Menianthes 
community characterizes the very beginning of the terrestria
lization process in close contact with the lake banks and, at 
the later stages, separated from the lake banks by other 
mire communities, e.g. in Askina Lake. Although this 
community is found only in one of the study lakes, it is 
common and widespread in many other lakes of Latvia 
forming floating vegetation mats. The Carex-Menianthes 
community is recorded from mesotrophic lakes in Ger
many (Pott 1992), where it can start the lake terrestrialization 
similarly as in Latvia. The filling-in lakes are not the only 
habitats of Carex limosa, Carex rostrata and Carex 
lasiocarpa communities. There are similarities in species 
composition between the studied filling-in lake vegetation 
and vegetation in other mire sites in Latvia and in Europe. 

The species composition of the studied filling-in lake 
plant community with Carex rostrata is very similar to that 
recorded from the bog margins in Latvia (Pakalne et al. 
1996 ). In both cases Carex rostrata is the dominant species 
accompanied mainly by Eriophorum angustifcJlium, 
Menianthes trijrJ!iata, Drosera rotundfj(J{ia and Oxycoccus 
palustris. In the moss layer Sphagnum .flexousum domi
nates. It is also possible to find Carex rostrata community 
forming a narrow vegetation fringe around bog pools and 
lakes. In comparison with the studied ones it is a very 
species-poor community with Carex rostrata as dominant 
species accompanied by Sphagnum .flexuosum, S. 
magellanicum and S. cuspidatum (Pakalne et al. 1996). 
Such species-poor Carex rostrata community in bog areas 
is known also from other places in Europe, e.g. in Britain 
(Wheeler 1984 ), Ireland (O'Connell et al. 1984 ). In Latvia 
the Carex limo.1·a community is not restricted to filling-in 
lakes either. It can be found in bog hollows (Pakalne et al. 
1996) associated with Andromeda polifolia, Drosera 
rotund~folia, Scheuch;eria palustris and Sphagnum 
cuspidatum and around bog pools with also Carex rostrata. 
The species composition of the Carex limo.1·a community 
of Podinu Lake resembles that of quaking mires in Switzer-
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land. where the Caricetum /imosae subassociation with 
basiphobic Sphagna. sociation of Sphagnum recunwn ssp. 
mucronatum was distinguished (Zimmerli 1988 ). In both 
communities Carex limosa and Scheuch;eria pa/ustris are 
accompanied by Carex canescens, Oxycoccus palustris. 
Eriophorum vaginatum and Drepanoc/adusfluitans. Still. 
there are differences between the communities. In Switzer
land Menianthes trifo/iata, Drosera anglica, Carex rostrata, 
Drosera rotundifii/ia, Andromeda polij(J/ia and Tricho
phorum cespitosum occur. but in the studied Latvian 
community these species are missing. Instead Calla palustris 
is present in the Latvian Caricetum limo.me. 

Menianthes trifoliata, Drosera rotundijiJ/ia and Carex 
rostrata can be observed in the Caricetum limo.me of other 
Latvian mires, but not Trichophorum cespitoswn. which is 
found only in the coastal type of raised bogs in Latvia 
(Pakalne et al. 1996 ). In Latvia the Carex lasioca17Ja 
community is tloristically variable as in other countries 
(Dierssen 1982; Steiner 1993; Pott 1992). It can be distin
guished in rich fens, transition mires and on mineral ground 
in lakes as well. The most species-rich Carex lasiocarpa 
community is found in the Coastal Lowland of Latvia. 
forming a rich fen system together with other rich fen 
communities such as Schoenetumferruginei (Pakalne 1994 ). 
The studied Carex /asiocarpa community bordering open 
water is of a different type due to their physiognomy - it 
occupies only a narrow vegetation fringe and due to its 
species composition. The lack of characteristic rich fen 
speices, e.g., Scorpidium scorpioides and Drepanoc/adus 
revolvens. the presence of Carex pseudocyperus. Cin1ta 
1frosa and different aquatics. for instance, Potamogeton 
11atans, and the sparse moss layer differs the Carex 
lasiocarpa community from those of rich fens and transition 
mires. 
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Abstract. Results from recent studies suggest that some fa
miliar plant communities could be vulnerable to significant 
breakup under global warming, due to different responses of 
their main defining elements to changing environmental con
ditions. In order to assess the vulnerability of present-day 
plant communities to breakup, climatic envelope models were 
constructed for the main structural elements of some major 
plant communities (landscapes) of eastern North America, 
based on the main climatic factors which seem to be best 
correlated with their current boundaries. Potential changes in 
species ranges were then studied under plausible global warm
ing scenarios, and an Index of Community Integrity was 
developed to estimate the changing patterns of community 
completeness and fitness of the main species. Only very 
preliminary results are presented here. The question is posed 
whether such a single-valued integrity index is in fact a useful 
tool for assessing community integrity and landscape vulner
ability under changing environmental conditions. 

Keywords: Beech-Maple Forest; Community breakup; East
ern North America; Envelope model; Fagus grandifolia; In
dex of Community Integrity; Species fitness; Vulnerability 
assesment. 

Introduction 

During the last Pleistocene glaciation, some plant com
munities and corresponding landscapes existed in eastern 
North America which have no present-day analogs, while 
some important present-day communities either did not 
exist or were at least not widespread (e.g. Delcourt & 
Delcourt 1985; Overpeck et al. 1991 ). The loss during the 
20th century of Castanea dentata from Appalachian for
ests shows that, even today, plant communities which we 
recognize in the landscape may in fact not be entirely 
stable. Even if no plant community is stable in a strict 
sense, however, the overlapping ranges of species with 
similar physiological requirements and often similar physi
ognomy have resulted in species assemblages which have 
existed long enough to develop into the ecological and 
biogeographic units which we recognize today as major 
communities. Pollen records and other evidence of vegeta
tion redevelopment since the last glaciation suggest that 
recognizable units similar to most of those of today, such as 
northern Fagus-Acer forest or southern Quercus-Carya 
forest, have existed for many centuries and probably millenia 
(e.g. Watts 1983). 

Under global warming, the geographic ranges of many 
plant species are expected to shift, generally poleward and 
upslope. Different tolerance limits, and perhaps changes in 
the operative limiting factors, will cause co-existing spe
cies to respond differently to such changing conditions. If 
the main structural elements of plant communities do not 
migrate together, the potential exists for breakup of famil
iar present-day natural communities over much or even all 
of their present ranges. Communities do not have to be 
stable in order to be vulnerable to such breakup, since 
breakup in this sense represents much greater and faster 
instability than exists otherwise. Results from a recent 
study in Florida suggested that some familiar present-day 
plant communities could be greatly displaced and show 
significant degrees of area reduction, i.e. breakup, under 
global average warming of as little as 1 - 2°C (Box et al. 
1999). 

The possibility of significant community breakup sug
gests that measures may be needed to estimate the integrity 
of plant communities and their vulnerability under foresee
able climatic changes. Biological integrity normally im
plies a degree of wholeness but may also reflect the degree 
to which processes are functioning normally and main 
elements are well adapted to environmental conditions 
('fitness'). Under global warming, plants will not only shift 
their locations but will also undergo changes in fitness 
across their ranges, with different species shifting in differ
ent ways. Community wholeness and member fitness may 
represent the best basis for studying vulnerability, since 
these concepts, taken together, permit: 
(I) description of the potentially stable core areas of com
munities, where one may expect them to be best developed 
(main species most fit); 
(2) identification of more transitional peripheral areas, 
which may be more vulnerable to perturbations (species 
less fit, some perhaps missing); and 
(3) identification of environmental gradients which may 
suggest regions of particular vulnerability under environ
mental change. 

The concept of ecological integrity is not new or old ( cf. 
Frey 1975; Westra 1998). The MFI index (Measured Func
tional Integrity, cf. Loucks 1998) and IBI (Index of Bio
logical Integrity, cf. Karr 1994) have been actively used in 
North America for some time. None of the integrity meas
ures which have been presented, however, is designed for 
predictive use with changing environmental conditions, 
which may require calibration for large numbers of taxa 
over large areas. The purpose of this project is thus: 
(I) to define a measure of community integrity based on 
data which could be readily available for large numbers of 
species, while still meeting specific ecological criteria; and 
(2) to explore how such a measure may be used and what 
information it may provide in a particular situation involv
ing a hypothetical but plausible warming scenario. 

The region employed is eastern North America, from 
eastern Canada to central Florida, including the Appala
chian Mountains. This paper presents an Index of Commu
nity Integrity, some simple results, and explores initially 
whether such a single-valued integrity index would be a 
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useful tool in landscape management and vulnerability 
assessment. 

Data and Methods 

The basic methodology involves use of climatic enve
lopes, i.e. 11-dimensional hyperspaces defined by the puta
tive upper and lower tolerance limits of biological entities 
relative to sets of climatic variables assumed to represent 
the main climatic factors limiting their distributions (Box 
1981 ). For plants, the entities can be species, higher taxa, 
plant functional types or communities (cf.Box 1996, 1987; 
Box et al. 1993). The main climatic factors and variables 
which may represent them were discussed by Box ( 1995). 
The data required are the geographic ranges of the entities 
and climatic data from a large number of meteorological 
stations adequately covering the physiographic heteroge
neity of the region of interest. An important shortcoming of 
envelope models is that envelopes do not include possible 
metabolic adjustments by plants, such as to higher CO2 
levels and temperatures, which may modify their physiolo
gies and geographic responses to change. There are essen
tially no data, however, for parameterizing such adjust
ments, even if their mechanisms were understood (which 
they are not, for the most part). As a result, in the absence of 
generally reliable metabolic models, easily calibrated enve
lope models may still be the only geographically applicable 
tool for studying possible responses of large numbers of 
species to climatic changes. 

Climatic envelopes are calibrated by iteratively match
ing range boundaries with the corresponding climatic val
ues and checking the predicted spatial result. Even 
parameterization based on accurate range maps, however, 
does not automatically imply reproducibility of the taxon 
range, since non-climatic factors may also be limiting, at 
least in some areas. As a result, accurate re-prediction of a 
taxon range is not circular logic but rather represents con
firmation that climate was the overriding control of that 
range. A study of 120 major woody plant species in Florida 
confirmed that this climatic approach can capture much of 
the spatial variability of plant species ranges, even in a 
region with pervasive control of vegetation patterns by 
substrate properties and topography (Box et al. 1993 ). 

For the present study, climatic envelopes were con
structed and calibrated for over 200 major plant species 
(mostly woody) of eastern North America, based mainly on 
range maps by Little ( 1971, 1977, 1978) but also on other 
range maps ( e.g. Brockman 1984; Jones & Coile 1988; 
Mellinger 1984; Radford et al. 1968) and previous correla
tions between vegetation and climate (e.g. Greller 1989; 
Box et al. 1993 ). As an example, the climatic envelope of 
Fagus grandifolia, an important canopy co-dominant tree 
species extending from eastern Canada to northern Florida, 
is shown in Table I, along with climatic data suggesting its 
fitness at Boston (Massachusetts). The 200 species enve
lopes were then applied to present-day climatic data for 
about 500 meteorological stations throughout eastern North 
America and to values (at those sites) representing a hypo
thetical 2°C global-average warming scenario. This see-

nario, considered to be realistic for the mid to later 21st 
century, involves greater warming in winter than in sum
mer and greater warming at higher latitudes and in more 
continental areas, as suggested by Anon. ( 1994) and Smith 
& Tirpak 1989). Under this scenario, winter warming would 
range from 2 - 3°C in the southeastern USA to more than 
5°C in southern Canada, with summer warming of less than 
half these amounts. 

In order to study the wholeness aspect of community 
integrity, 15 main plant communities of eastern North 
America were defined in terms of their main structural 
elements. This is done at two levels: 
(I) those species which are required for community occur
rence; and 
(2) those additional species which are major, characteristic 
elements but which do not necessarily occur everywhere 
the community occurs. 
For example, Fagus grandifolia and Acer saccharum are 
required for the occurrence of Beech-Maple Forest, but 
beech may only be an 'additional' or companion species in 
Northern Mixed Forest, which requires Pinus strobus and 
extends further north than the range of Fagus. Such defini
tions for several major plant communities in eastern North 

Table 1. Climatic envelope of Fagus grandifo/ia and applica
tion to estimate species fitness at a site. 

The potential range of a species can be estimated by its climatic envelope, 
consisting of its upper and lower tolerance limits relative to its main 
climatic limiting factors: 

Tmax Tmin Tmmin Tahmin Mly Pmin Defy 

Maximum 
Minimum 

19.0 13.0 9.0 - 7.0 
17.0 -12.0 - 15.0 -40.0 1.10 

Tmax = mean temperature of the wannest month (°C) 
Tmin = mean temperature of the coldest month (°C) 

200. 
40. 0. 

Tmmin = mean nighttime minimum temperature of the coldest month (°C) 
Tabmin = absolute minimum temperature (0 C: coldest ever measured, 

generally over at least 30 years) 
Mly = annual moisture index: precipitation I potential evapotranspiration 
Pmin = average precipitation of the driest month (mm) 
Defy= annual climatic moisture deficit (mm. as obtained from a climatic 

water budget) 

Fagus grandij()/ia. which occurs from southern Canada to the Gulf of 
Mexico (western Florida), requires a significant degree of winter cooling 
(e.g. Tmin < ]3°C) but not necessarily continuing periods of sub-freezing 
temperatures (Tmmin as high as +9°C). It also requires a generally moist 
climate (Mly at least I. JO-higher than for most oaks, for example). with no 
extreme dry month (Pmin at least 40 mm), but can tolerate some degree of 
cumulative moisture stress over a year (Defy up to 200 mm). Limits which 
are considered unimponant or unattainable are left open-ended and denoted 
by asterisks. For the significance of these (and other possible) climatic 
factors in limiting species ranges. see Box ( 1995, 1996; Box et al. ( 1993). 

Fitness at a site is estimated by applying the climatic envelope to site 
climatic conditions, for example at Boston: 

Trnax Trnin Tmmin Tabmin Ml) Pmin Defy 

Boston 21.8 -2.6 -6.7 -27.8 1.70 80 37 

Comparison of the Boston site data and the envelope limits of Fagus 
grandifolia shows that it is welJ within the range for all variables (dimen
sions) in its climatic envelope. Normalizing for the different range widths 
(and units) of the different climatic variables suggests that the closest 
limiting factor is the annual moisture index Mly - although it is still quite 
far away from that limit. On a 0-1 scale representing the fraction of total 
normalized width, the proximity to the closest limit is 0.29. This value, 
called d . is used as the estimate of fitness at the site. (For further details 
see Box'T98 J, in particular pp. 44-45). 
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America, with their required and main companion species, 
are shown in Table 2. 

Community integrity, as discussed above and as a pre
dictive tool at particular sites, also requires some measure 
of the relative fitness of the main structural components. 
The biological data available at a site are the presence/ 
absence of each species and the proximity of each species 
to its closest climatic limit, as provided by the climatic 
envelopes on a normalized O - 1 scale (see Table I). This 
proximity, denoted dmin in earlier envelope applications 
( e.g. Box 1981 ), provides the basis for calculating the 
index of community integrity. 

An Index of Community Integrity 

The Index of Community Integrity (ICI) is estimated 
entirely from species fitness data (normalized proximity to 
closest climatic limit), based on the two-level system of 
required and companion species described above. A com
munity is considered to occur only if all required compo
nents are present, hut not all companion species are re
quired. Thus, the ICI has two parts: 
( 1) a main, multiplicative part based on the fitness of the 
required species; and 
(2) an additive part based on the fitness of additional, 
companion species. 
This two-part definition is necessary so that multiplication 
of different numbers of companion fitness values (all < 1) 
docs not bias the result. The fitness values are the proxim
ity scores (dmin values) obtained from application of a full 
set of species climatic envelopes at a site. Calculation of 
the ICI is explained in Table 3. The Beech-Maple Forest at 
Boston (see Table 1) can serve as an example. In that case, 
the dmin values for both beech and maple were 0.29. Using 
0.35 as a good dmax value (see step 3 in Table 3), one gets 
0.687 for the base ICI value. There are no companion 
species (OR species) in the definition of beech-maple 
forest (see Table 2), so step 4 is not needed in this example 
and the final ICI value is also 0.687. 

The ICI can he summarized by its main properties: 
- The ICI is based mainly on the occurrence and fitness of 

the main species which define the community. 
- The ICI varies from O to 1, increasing as species fitness 

increases (i.e. species arc farther from climatic limits). 
- The ICI is independent of the variables and algorithm 

used for estimating species fitness; nevertheless, com
parison of results from different models requires consist
ency in variables and algorithms. 

- The ICI is based on species which are required (REQ) to 
define the community and on characteristic companion 
species, only some alternatives (OR) of which must 
occur. 

- The value of the ICI is not affected by the number of 
defining species occurring, since absence of any re
quired (REQ) species means that the community does 
not occur at al I. 

- The ICI is augmented, at least to some extent, by the most 
fit defining elements. even if these are companion spe
cies which are not required (i.e. not REQ or OR species). 

Table 2. Definition of plant communities based on their main 
defining structural elements. 

Beech-Maple Forest Quercus a/ha OR 
Acer sacclwrwn REQ Carrn g!abra 
Fagus grandifolia REQ Mixed Mesophytic Forest 

Northern Mixed Forest Fogus grandifolia REQ 
Acer saccharum REQ Fra.rinus americana REQ 
Pinus strobus REQ Liriodendron tulipifera REQ 
Betula lutea REQ Acer sacclwrwn REQ 
Fagus grandifolia Tilia heterophvlla REQ 

Piedmont Oak-Hickory Forest Quercus rubra OR 
Quercusfalrnw OR Quercus alba OR 

Communities are defined by the occurrence of three types of main struc
tural elements: (I) species which must occur (REQ); (2) species in a group 
of alternatives, only one species of which must occur (OR); (3) other. 
companion species. Beech-Maple Forest, for example. requires both Acer 
saccharum and Fagus xmndifo/ia. and is considered not to occur if either 
species is absent. Piedmont Oak-Hickory Forest. on the other hand, is 
considered to occur if either of its two defining Querrns elements occurs, 
since either can he a canopy dominant. Other species (neither REQ nor 
OR) may also be characteristic of a community and contribute to commu
nity integrity by their presence, for example FafiUS grandifolia in northern 
mixed forest. Mixed Mesophytic Forest, the most diverse deciduous forest 
type in eastern North America (windward west side of the central Appala
chian Mountains), requires a larger number of defining elements. 

Occurrence of companion species can compensate for 
lower fitness among the required (REQ and OR) ele
ments - but only to a certain extent (not to exceed IC!= 
1.0). 

- The value of the I CI is never reduced by the occurrence of 
additional companion species, since their contributions 
to the index are added (not multiplied). 

- The value of the ICI is O if a REQ species or the operative 

Table 3. Calculation of the Index of Community Integrity 
based on proximity to closest envelope limit. 

I. Identify the minimum species basis for identifying integrity at the site. 
This basis must include all REQ and at least one OR species and must 
involve at least half (and at least two) of all species defining the commu
nity. All other defining species which occur at a site are referred to as 
'companion· species. If not all required species occur at a site, the commu
nity is considered not to occur at that site (i.e. fragments of communities 
may occur. but only up to a point). 
2. Order all defining species in order of decreasing fitness, as estimated by 
proximity (d ) to the closest environmental limit in an envelope model. 
3. Calculate;;;~ normalized product of the fitness value of all species in the 
minimum basis: Base ICI = rr d

111
i/i) I d

11
1.

1
, (7t from 11 to n

111111
) 

where thedm,,,(i) values, for each species i, come from envelope processing 
and d"'"' is a standard value at least as large as the largest d,,,,,, to he 
encountered. and perhaps somewhat larger, in order to normalize for all 
sites to be processed. (A good d"'" value for this purpose seems to be 
around 0.35, since individual d"'"' values rarely exceed 0.5 even for 
widespread, non-defining species such as grasses. If ad,,,,,, value exceeds 
d,,'"' the fraction is truncated at one.) 
4. Beyond the minimum hasis (if more species occur), let the "companion" 
species augment the integrity index as follows. For each additional species: 
(a) Calculate the remaining integrity deficit, i.e. def= 1.0 - IC!; 
(b) Multiply this remaining deficit by the fitness of the next species i 
(arranged in descending order, see item 2 above): x,,0p) = d,,,,,,U) x def 
(c) Add this contribution to reduce the deficit (asymptotically): 

ICI ->IC!+ X.,uu<i> 
This method has the advantage that ICI can never exceed 1.0 - and cannot 
even reach I .0 unless an additional species has a perfect fitness value of 
dmm(i) = 1.0.Example: For beech-maple forest at Boston (see Table I). the 
d,,,,,, values for both beech and maple were 0.29: using 0.35 as the d"'·" 
value (step 3). the base IC! becomes 0.687. In this case step 4 is not 
involved, since there are no other defining species for bech-maple forest. 
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Table 4. Estimated integrity of Beech-Maple Forest at present 
and under 2°C global average warming. 

Integrity Index 

Location Lat Nspp Now + 2°C Change 

Quebec. Quebec 46.80 24 .392 .392 
Sault Ste. Marie, Michigan 46.47 20 .223 .223 
Montreal-Dorval. Quebec 45.47 40 .()73 .544 .471 
Burlington. Vermont 44.47 13 .126 .395 .269 
Lake Placid. New York 44.28 15 .180 .180 
Concord. New Hampshire -B.20 48 .526 .617 .091 
Syracuse. New York 43.12 63 .394 .327 -.068 
Buffalo. New York 42.93 65 .510 .360 -.150 
Albany. New York 42.75 68 .360 .395 . 035 
Boston. Massachusetts 42.37 70 .687 .327 -.360 
Chicago. Illinois 41.98 71 .160 .138 -.022 
Hartford, Connecticut 41.93 76 .687 .340 -.347 
Providence. Rhode Island 41.73 77 .687 286 -.401 
Akron. Ohio 40.92 76 .360 .235 -.125 
New York. New York 40.78 110 .236 .114 -.122 
Pittsburgh. Pennsylvania 40.50 86 .184 .082 -.102 
Harrisburg. Pennsylvania 40.22 93 .264 .106 -.158 
Columbus. Ohio 40.00 81 .184 .118 -.066 
Indianapolis. Indiana 39.73 84 .360 .167 -.193 
Baltimore. Maryland 39.28 107 .117 -.117 
Washington. D.C. 38.85 103 .099 .022 -.077 
Charleston. West Virginia 38.37 105 .264 .046 -.219 
Lexington. Kentucky 38.03 102 .236 .064 -.172 
Charlottesville. Virginia 38.03 108 .183 -.183 
Elk Knob. Virginia 36.87 87 .300 .034 -.266 
Boone, North Carolina 36.22 58 .555 .027 -.528 
Nashville. Tennessee 36.12 89 .065 -.065 
Asheville. North Carolina 35.43 100 .137 -.137 

The integrity estimates under current conditions suggest that the core 
area of beech-maple forest. where it is perhaps best developed and far 

from climatic limits. is in lower elevations of New England. It may 

potentially extend. however. with reduced fitness. as far west as 

Chicago and as far south as the foothills of the southern Appalachians 
(e.g. Asheville). Under average global warming of2°C. beech-maple 

forest could move into more of southern Canada but may retreat 

entirely from all but higher elevations of the southern Appalachians 
and from areas as far north as Chesapeake Bay (cf. Baltimore). 

hanging on only with much reduced fitness in remaining areas of the 

middle and lower northern Appalachians as well as parts of southern 

New England. Sites arc arranged from north to south hy latitude. The 

second column of numbers (Nspp) shows the number of species 

predicted to occur at the site. out of the 200 in the envelope model. 

OR species has a fitness value of zero (i.e. occurs exactly 
at a climatic limit) - unless the index is augmented by 
greater fitness among companion species; ICI = 0 means 
that the community does occur but is exactly at its limit. 

Integrity and vulnerability over a range of a communities 

In order to assess the usefulness of the Index of Commu
nity Integrity, the ICI was calculated for l S major plant 
communities across eastern North America, under current 
climatic conditions and for the 2°C global-average warming 
scenario described above. The result for beech-maple forest is 
shown in Table 4. Mapping of such results is being explored 
and will of course make the results easier to interpret. 

The integrity estimates under current conditions suggest 
that the core area of beech-maple forest should be in lower 
elevations of New England, where it is indeed best devel
oped, but that it could extend as far west as Chicago and as 
far south as the foothills of the southern Appalachians. Its 
main species would have reduced fitness in these periph
eral areas, and the community would probably be replaced 
by forest communities involving species which are more 
competitive at these locations. Prediction of the range of a 
community using the ICI thus requires prediction of other 
possible communities also . 

Gradients of community integrity and of vulnerability to 
warming-induced instability or hrcakup can be estimated 
by studying the ICI changes between two scenarios. In 
Table 4, the column +2°C shows the ICI values for the 2°C 
global-average warming scenario. The result suggests that 
Beech-Maple Forest could move into more of southern 
Canada (where Acer saccharum already occurs but not 
Fa;;us Rrandij<Jlia) and retreat entirely from all but higher 
elevations of the southern Appalachians and from low
land areas as far north as Chesapeake Bay. The net effect 
across eastern North America is a potential loss of area by 
the Beech-Maple Forest, as suggested hy the mostly nega
tive change values in the last column of Table 4. These 
results are consistent with those for individual species (e.g. 
Zabinski & Davis 1989), but the ICI provides a quantitative 
gradient based on the integrated effects of many species. 

Conclusion 

The Index of Community Integrity provides an inte
grated quantitative estimate of community completeness 
and fitness, and conversely of community vulnerability to 
disruption by climatic change, based on: 
(I) present-day correlation between species ranges and 
climatic conditions; and 
(2) application of such information (as envelope models) to 
large numbers of sites within and around the ranges of the 
species involved. 
The results not only estimate community 'wholeness' over 
its range but also the 'fitness' of the main species and their 
potential for migration based on proximity to climatic 
limits. The Index of Community Integrity can be based on 
any reasonable measure of species fitness, but the use of 
readily calibrated climatic envelope models, based on major 
climatic constraints, provides a relatively easy means of 
generating the fitness estimates needed to apply the ICI to 
large numbers of species over large areas. 

Vegetation types whose main structural elements are 
many or which have wide tolerance limits may be least 
vulnerable to warming-induced instability or breakup. In 
the real world, however, vulnerability or at least severe 
stress may also be affected hy geographic 'accidents' such 
as the shapes of the land masses involved and by factors 
which we still understand poorly, such as metabolic adap
tations and the long-term influence on future vegetation 
potentials of the transient-state vegetation, which is as
sumed to be quite weedy. 

The results presented here arc very preliminary, but the 
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example of beech-maple forest does illustrate, to some 
extent, how potentially vulnerable areas may be identified. 
Whether any such single-valued index provides useful 
(and not misleading or artificial) information for natural
area and landscape management, however, may still be an 
open question. 
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Abstract. Isolated stands of Nothofi:1g11s fi1sca (Fagaceae) 
beyond the limits of continuous Nothofc1gu.1· forest in the upper 
Taramakau Valley, South Island, New Zealand, were investi
gated during two field surveys, separated by 7 - IO yr. The 
compound population of 54 sample stands, ranging in size 
from I to > 400 stems, increased by 37.4% (4.2'7r/yr) and 
compound basal area increased by 4.7'7r (0.50Uyr) between 
the two surveys. Most of the isolated N. .f11srn stands estab
lished on sites likely to experience intermittent disturbance, 
and decreases in population size of 13 stands were associated 
with recent, in some cases catastrophic, disturbance. Major 
disturbance by slips induced by earthquakes and/or high 
orographic rainfall and erosion of terraces by flooding rivers are 
important factors facilitating the establishment and mainte
nance of outlier populations of N..fi1sca in the upper Taramakau 
catchment, which is part of a regional forest ecotone where 
competition by species of the podocarp-broadleaved forest in
creases towards the southwest resulting in complete absence of 
the genus Noth()ji:1gus in central western South Island. 

Keywords: Disturbance; Earthquake; Forest; Pioneer popula
tion; Notlwfagus forest. 

Nomenclature: Connor & Edgar ( 1987 ). 

Introduction 

New Zealand has an oceanic, generally temperate and 
humid climate so that evergreen forest is the climax vegeta
tion in most places below the alpine timberline. Warm 
temperate forest associations with subtropical relation
ships are restricted to the northern half of North Island. 
Cool temperate forests, which occur at higher elevations in 
the north and at higher latitudes in southern North Island 
(39° -41°30' S) and South Island (40°30' -46°30' S), are 
classified into two major types (Wardle 1991 ). The first 
subtype, podocarp-broadlcavcd forest. has a 'rainforest' 
physiognomy with several strata of trees and shrubs, and 
abundant tree ferns, lianes, climbing plants, and epiphytes 
in the wetter regions. Beech forest is dominated by one or 
more of the five native taxa of Nothc>fi:1gus, often to the near 
exclusion of other tree species. 

While native beech forests are common and widespread 
in New Zealand, Nothofi1gus is rare or completely absent in 
certain regions with comparatively mild and superhumid 
climates (McGlone 1985). In South Island, Nothofi:1gus 
dominates the forests in the north and southwest. but it is 
absent from the central western region, the so-called 
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'Westland beech gap' (Wardle 1984; Haase 1990). To the 
north and south of this distribution gap there arc forest 
ecotones, where scattered stands of Nothofi1gus, ranging 
from single trees to several hectares in size, occur in 
podocarp-broadleaved forest, successional scrub and 
subalpine scrub. The establishment of many small isolated 
Noth<ifi:1gus stands has been dated within the past 500 yr 
(Wardle 1980; June 1982: Haase 1989a, b, 1991 a) and is 
possibly related to recent environmental changes (e.g. 
Holloway 1954 ). 

A probable factor limiting the distribution ofNothofi:1gus 
is that abundant seed production occurs only intermittently, 
usually after hot and dry summers (Connor 1966; Wardle 
1984 ), which makes Nothc>fi:1gus a poor competitor in mild 
and humid climates (Rogers & McGlone 1994 ). Notlwft1g11s 
fi1.1·ca and N. mew;iesii arc vigorous colonizers of disturbed 
sites (Holloway 1954; Wardle 1984), however, and in 
Nothofi:1guslpodocarp-broadleaved forest ecotones. where 
environmental limits set by climatic conditions and/or bio
logical competition are approached. marginal and outlier 
populations of these two species should respond with long
term directional changes in population size to environmen
tal stability or instability including variations in climate 
(e.g. Haase 1989b. 1991a). 

The purpose of this research was to monitor changes in 
population size of isolated stands of N. fi1.1·ca over an 
extended period and to relate these changes to observed 
environmental disturbance in order to predict long-term 
changes in the composition of the regional forests. 

Material and Methods 

In North Westland, the mainly Nothofc1gus-dominated 
forests meet their southern limit along a line extending 
from the Grey River mouth to Lake Haupiri (June 1982; 
Fig. I). A forest ecotone then extends south to the Taramakau 
River and also along the valley of the upper Taramakau 
River into its southeastern tributaries (Haase 1989a, b, 1990, 
1991 a, b ). The survey was carried out mainly in the south
eastern tributaries of the upper Taramakau River which are 
enclosed by steep, high mountain ranges of 1400- 2000 m. 
belonging to New Zealand's Southern Alps. 
A prominent feature of the region is the Alpine Fault. a 
major active fault line, which traces the boundary between 
the Australian and Pacific plates. Subsidiary fault lines are 
traced by the Taramakau Valley (Hope Fault) and from 
Kcllys Creek to Lake Kaurapataka (Kelly Fault) (Fig. I). 
The Hope and Kelly faults are associated with a zone of 
micro-earthquake activity with magnitudes below 3 (Rynn 
& Scholz 1978 ). but there have been earthquakes with 
magnitude 7 or greater, which occur with a return time of 
less than 50 yr (Smith 1978). Two recent strong earth
quakes which affected the survey region, the Arthur's Pass 
earthquakes of 1929 and 1994 had magnitudes of 7 and 6. 7, 
respectively, but had epicentres located to the southeast of 
the Main Divide (Rynn & Scholz 1978; Arnadottir ct al. 
1995). 

The local rocks arc thick-bedded sandstones and siltstones 
of Late Triassic age which successively grade into higher 
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metamorphic stages towards the Alpine Fault. Floodplain 
gravels and locally extensive debris flows arc of Holocene 
age (Cave 1987). 

Soil profile development and soil type arc determined 
mainly by the amount of rainfall, and in the higher rainfall 
areas most soils arc moderately to strongly leached and 
podzolized. 

Because of the insular character and high orographic 
rainfall, the regional climate is mild and superhumid. An
nual rainfall increases from 2500 mm near the western 
coast to 4500 mm at the foot of the Southern Alps (Anon. 
1983a). The nearest rainfall station at Otira (383 m a.s.l.) 
receives almost 5000 mm of mean annual rainfall. Tem
perature records for Otira give an annual mean of 9.8°C 
(February 15.1 °C; July 4.2°C; Anon. 1983b). 

The survey region is densely forested up to the alpine 
timberline at 800- 900 m. Lowland podocarp-broadlcavcd 
forest dominated by the tall conifer Dacrydium cupressinwn 
and the angiosperm trees Quintinia acutifolia and 
Weinmannia racemosa covers the lower Taramakau catch
ment and extends into the Otira and Deception valleys. The 
upper Taramakau-Otehake region harbours approximately 
5000 ha of Notlwfi-1gus-dominated forests with N. fusca as 
the major species. On north-facing slopes on the south 
bank of the Taramakau River, this species ascends to 800-
900 m and forms the upper limit of tall forest. East of the 
Otehake River and west of the Otira River, the upper limit 
of N. fusca decreases rapidly and the species becomes 
restricted to discontinuous stands on the Taramakau 
floodplain, the westernmost stands are located up to 25 km 
west of the Otira River mouth. In the lower Otira Valley, 
isolated stands occur on the southwestern slopes of One 
Shot Hill, the southeastern slopes of the Kelly Range. and 
also in the Deception Valley (Haase 1989b, 1991 a). 

Nothofi.1gus.fi1sca can grow to a height of 24- 32 m and a 
diameter of 1.5 - 2.0 m. and reach a maximum age of 450-
600 yr (Wardle 1984 ). It is a comparatively light-demand
ing species and its diameter-class distribution is often more 

---- Fig. 1. Map of north Westland and the survey 
region in the upper Taramakau catchment. 
The southern limit of Nothof11gus forest and 
two large outliers are shown (dotted line. 
alpine timberline; broken line. non-timberline 
boundary). West of the Alpine Fault. the 
Nothofagus/podocarp-broadleaved forest 
ecotone extends south to the Taramakau River. 
Important fault lines are shown by thick bro
ken lines. 

or less continuous, suggesting sporadic recruitment after 
large-scale canopy disturbance (June & Ogden 1978; Wardle 
1984; Stewart & Rose 1990). 

Isolated N. fi1sca stands, particularly in montane forest 
and scrub, are easily identified by their conspicuous light 
green foliage in spring and early summer. The located 
stands were visited during two field surveys. the first in 
1987-1988 and 1988-1989 and the second in 1997-1998. In 
each stand, stem diameter at breast height (DBH; 135 cm 
above the point of origin) of all N. .fitsca trees including 
dead standing logs was measured with a diameter tape. 
After the second survey, changes in population size, stem 
diameter of individual trees and stand basal area were 
calculated for each stand. Signs of recent and past distur
bance were observed on both occasions and the probable 
cause of mortality of trees was noted. 

Results 

Of the 56 isolated stands considered, 28 arc classified as 
alluvial stands. located on floodplains, terraces and talus 
fans (90 - 560 m), the remaining 28 are hillslope stands 
which occur between 300-940 m. None of the 54 isolated 
stands of N. fitsca investigated in 1987-1989 had been 
eliminated by 1997-1998. The number of isolated N..fi1.1·ca 
stands increased by two (Table I). These were recently 
established saplings, which originated from long-distance 
dispersal of seed by wind, probably from the nearest estab-

Table 1. Overall changes in number. population size and basal 
area of isolated stands of Nothof<1gt1sft1sca. 

Survey Stands Stems Basal area 

II II m~ 

1987-1989 54 2623 257 

1997-1998 56 3603 269 

Change +3.Yk +37...\C/r +..\.Yk 

Change/yr +o...ir;; +4.2'lr +O.Yk 

~~~~~~~~~~~~~~------.................. 1 
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lished isolated stands. The total population increased hy 
almost 1000 stems (Tahle I) through recruitment of seed
lings into the > 135 cm height class. The compound hasal 
area showed a much smaller increase (4.7o/r: Tahle I) 
hecause recruited saplings contrihuted little to overall wood 
increment, while death of large trees had a significant 
negative effect. The population size of individual stands 
ranged from single pioneer saplings or trees to over 400 
stems. Stem numhers increased in 28 stands while there 
was no change in stem numher in 13, mostly single-stem 
stands and decreases in population size were found in 13 
stands. Basal area increased in 43 and decreased in 11 
stands. 

33 of the 54 isolated stands showed signs of recent 
natural disturhance at the first survey. Between the two 
surveys, 18 stands had heen affected hy various types of 
disturhance. Catastrophic disturhance was caused hy slips 
(small landslides) in two stands and in another stand hy a 
snapped and fallen N. fusca tree of a 150 cm DBH. Dense 
stands of seedlings of small pioneer trees in all three stands 
allowed to date this disturhance which was probahly re
lated to the Arthur's Pass earthquake of June 1994. In some 
other stands, catastrophic disturbance had heen caused by 
erosion of river terraces and moraine cliffs. This suggested 
that earthquakes might be a major factor in the stand 
history of the local N. fusca stands. 

Discussion 

Pollen profiles from various New Zealand regions have 
shown that near the limits of its present distrihution, popu
lation growth of Nothofagus has been static or even nega
tive during the past 2000 - 3000 yr. and it has heen sug
gested that Nothofc1gus is non-competitive in humid, mild, 
low-insolation climates (Rogers & McGlone 1994 ). 
In the Nothofagus/podocarp-broadleaved forest ecotone of 
the upper Taramakau catchment, however. outlier 

Fig. 2. Flow chart of disturbance-related estah
lishmcnt and persistence of isolated stands of 
Nothofc1xus fusca in the upper Taramakau catch
ment, South Island, New Zealand (direction is top 
to bottom, unless indicated hy arrows). 

populations ofN.ji,srn considerahly increased in size over 
a period of IO yr, although some of the stands were devas
tated hy disturbance through mass movement. Because of 
the intermittent seeding and sporadic occurrence of suit
ahle seedling hahitats, the short-term variation in popula
tion size of isolated stands reported in this paper must be 
viewed in relation to current population structures. Mas
sive disturhance temporarily decreases population size while 
at the same time creating new seedling habitats leading to 
potential suhsequent increases in population size. Estah
lishment of dense seedling stands after disturhance leads to 
large hut temporary increases in population size. In the 
absence of further disturhance and hence, recruitment, the 
population size initially decreases again because of den
sity-dependent seedling and sapling mortality (self-thin
ning effect). Long-term trends in population size and possi
hle range extension may thus only become apparent after 
several decades of field research. 

Where N. .fi1sca forest is more or less continuous in the 
survey region, e.g. on north-facing slopes hetween the 
Otira and Otehake Rivers, the species covers the complete 
range of availahle hahitats from stahilised floodplains to 
the tree line. Outlier stands heyond the limits of continuous 
forest, however, almost always occupy 'precarious' sites, 
prone to various types of disturhance and it is likely that N. 
ji1sca was only ahle to cstahlish here after a disturbance 
event and that stands arc maintained by intermittent re
cruitment in the course of recurrent disturbance when 
biological competition is temporarily reduced. 

Such recurrent disturhancc is provided hy comparatively 
frequent earthquakes in comhination with, or additional to, 
high orographic rainfall. Each earthquake initiates a series 
of disturbance events (Fig. 2). The shock waves cause 
slope failure in the steep terrain leading to rockfalls and 
landslides with related destruction of the forest cover. Land
slide scars and talus deposits arc suitable habitats for colo
nization hy N. .fi1.1·rn. Large amounts of sediment hccome 

{ ata~lropllh dr,turharH t \lmor d1,tudM11l·t 
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available, which are transported downslope by flooding 
creeks during rainstorms, leading to local aggradation on 
lower slopes and in riverbeds in the valleys. These deposits 
can stabilize and form new terraces, or block river channels 
which then change course eroding already stabilised and 
forested terraces in other places. The resulting disturbed 
forest fringes and new terraces are again suitable habitats 
for colonization by N. fusca. Most of these sites are likely 
to experience further intermittent disturbance in the future. 
In the absence of such ·exogenous· disturbance, the ulti
mate canopy breakdown of massive N. ji1sca trees in old
growth stands, an ·endogenous' disturbance, presents a 
further opportunity for regeneration of N. ji1.1·rn in isolated 
stands. 

The frequency and intensity of tectonic and climate
induced disturbances will thus affect future numbers and 
sizes of isolated N. fi1sca stands in the upper Taramakau 
catchment. Besides temporal variation in tectonic activity, 
an increasing frequency of rainstorms, such as occur dur
ing "El Nino' events, or a generally more erratic distribu
tion of rainfall, can promote regional population growth of 
N.ji1sca. To detect such long-term trends in population size 
and possible range extension will take several decades of 
field research, however. 
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Abstract. The late Holocene history of an alluvial alder 
carr in E. Bohemia, Czech Republic and its vegetation 
dynamics were studied using pollen, macrofossil and tree
ring analyses together with vegetation analysis. Due to 
high accumulation rates and good preservation of the palaeo
ecological record, a detailed reconstruction of vegetation 
changes during the last 2160 yr was possible. After an 
oxbow had filled up, a peat bog and later an alder carr 
developed. Pollen and macrofossil analyses indicated cy
clic succession in the course of the past 900 yr, with several 
alder carr and open wetland stages. The last cycle was 
documented by vegetation analysis and confirmed by tree 
ring analysis. In the 1880s the current forest margin was 
established. The centre of the locality was overgrown by 
the alder carr between 1940 and 1950. Since that time 
hardly any alder established in the study site. The present 
dynamics of the tree layer are characterised by a high 
mortality of suppressed A/nus trees, and of Betula pubescens, 
irrespective of tree age. 

Keywords: A/nus glutinosa; Betula pubescens; Cyclic 
succession; Late Holocene; Pollen analysis: Population 
dynamics. 

Nomenclature: Ehrendorfer & Gutermann ( 1973 ). 

Introduction 

Alder carrs belong to the most naturally heterogeneous 
and dynamic ecosystems in temperate Europe (Ellenberg 
1986; Prieditis 1997). They are basically formed by hum
mocks and hollows with permanent standing water. Tem
porally flooded habitats also occur. Uprooting of mature 
trees results in gaps where light regime, nutrient availabil
ity and competition differ from the closed-canopy forest 
(Carlton & Bazzaz 1998). Gap centres, usually at slightly 
lower elevations than their surroundings represent another 
habitat - small water bodies which persist for many years, 
until they are terrestrialized (Jenfk 1980). The small-scale 
habitat heterogeneity is reflected in a remarkable mixture of 
plant species with different soil moisture requirements and 
tolerance of anaerobic conditions (Doring-Mederake 1991 ). 
The long-term dynamics of alder carrs has received insuf
ficient attention (but see Marek 1965; Brock et al. 1989). 
However, it has been suggested that the alder carrs may 
persist at a site over more than 800 yr (Marek 1965 ). The 
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Alnus glutinosa stands are usually more or less even-aged 
in alder carrs (Pigott & Wilson 1978; Tucker & Fitter 
1981 ). Trees belonging to younger age classes are mark
edly under-represented and establishment of alder seed
lings is rare (McYean 1956; Tucker & Fitter 198; Klimesova 
& Klimes 1996; Prieditis 1997). It has been speculated that 
alder carrs follow a cyclic development (Falinski 1986: 
Remmert 1991) and that the establishment of Alnu.1· is 
restricted to the peat hog stage of this development (Jcnfk 
1980). A similar cyclic development has been reported 
from several other forested ecosystems (Michal 1983; 
Delcourt & Delcourt 1991; Korpel' 1995: Schmidt 1998). 
Unfortunately, there is little evidence to support or reject 
this hypothesis in any of the habitats. In aldercarrs the peat, 
containing pollen and macrofossils. is usually mineralised 
due to its aeration by alder roots so that only a thin layer of 
it is preserved (Jenfk 1980; Ryhnfcek & Rybnfckova 1987; 
Diiring-Mederakc 1991 ). Therefore. in most cases the long
term history of alder carrs cannot he studied by using a 
standard pollen analysis. Data based on other approaches 
(direct historical observations, archaeological studies. etc.) 
arc also scarce so that little is known about the long-term 
dynamics of alder carrs in temperate Europe. 

The locality 'Na hahne' in E. Bohemia (Czech Republic) 
is situated at the foot of a pleistocene terrace. Many power
ful and persisting springs supply the alder carr with water. 
Its drying-out is prevented and the water regime is remark
ably stable both within a year and between years (Klimesova 
& Klimes 1996). Consequently, mineralization of the peat 
is slowed so that the entire history of the present alder carr 
could he recorded in the peat. Recent history of the locality 
has been recorded by several botanists. Rare peat bog 
plants were reported from the locality at the end of the last 
century (Hansgirg 1881: Sitensky 1891 ). In 1924 Mikyska 
studied the vegetation of the locality. The centre was formed 
by a peat hog with herbaceous vegetation dominated by 
Menyanthes trifoliata, Carex nigra. Potentilla palustris, 
large carpets of Sphagnum recurvwn and S. Jlexuoswn. and 
other heliophilous species (Mikyska 1926), indicating low 
pH and low nutrient availability (Klimesova & Klimes 
1996 ). The peat bog was surrounded by an alder carr, 
locally with abundant Calla palustris (Mikyska 1926). In 
the 1940s the peat hog in the centre of the locality was 
overgrown with young Ahllls trees (Mikyska 1964 ). In the 
1980s the vegetation consisted of a homogeneous Ahllls 
stand (Rydlo 1981: Klimesova & Klimes 1996). In 1988 
we marked more than 500 trees of A. glutinosa and Be tu/a 
pendula, and repeatedly measured their growth until 1998 
to evaluate the dynamics of individual tree populations 
(Klimesova & Klimes 1996; Klimesova et al. 1997). The 
stand has also been studied using dendrochronological 
methods which provided details on the development of the 
stand during the last cycle (Klimesova et al. 1997). 

The aim of this paper is to bring together the available 
information based on different methods and to reconstruct 
the development and dynamics of the locality "Na bahne' 
during the late Holocene. 
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The locality 

The alder carr 'Na bahne' is situated in the Ori ice River 
lloodplain (240 m a.s.l., 50° 12' N, 15°58' E), E Bohemia, 
Czech Republic, at the foot of the youngest (Wiirm) ter
race. The terrace, ca. 5 m in height, surrounding the alder 
carr from three sides, is covered by a deciduous forest 
dominated by Quercus robur. Towards the Orlice River wet 
unmanaged meadows invaded by A/nus saplings are found. 
The shortest distance to the river is ca. 150 m. Mean annual 
air temperature is 7.8 °C, mean annual precipitation is 602 
mm (Nove Hradec Kralove Meteorological Station, 8.5 km 
W of the locality; Vesecky et al. 1961 ). 

Data collection 

Palaeobotany 
A series of exploratory borings was performed in the 

centre of the locality in spring 1997. The layer of organo
gcnic deposits was up to 0.5 -5 m deep. A 5-m long core 
was taken with a 5-cm diameter Russian-type corer (Jowsey 
1966). The sediments were analysed for their components 
according to methods by Troels-Smith ( 1955), modified by 
Aaby & Berglund ( 1986 ). 

Three samples consisting of pieces of wood were taken 
for 1.ic dating. The samples were AMS-dated at the Radio
carbon Dating Laboratory, Department of Quaternary Ge
ology, Lund, Sweden. Age calculations were based on a 1.ic 
half-life of 5568 yr. The results were calibrated (Stuiver & 
Reimer 1993) and arc reported in calendar time scale. 

The samples used for pollen and other microfossil analyses 
were prepared by the modified acetolysis method (Erdtman 
1943). As the lower pa11 of the core had a more or less mineral 
character, the samples were pre-treated with concentrated 
hydrofluoric acid for 24 h (Faegri & Iversen 1989; Moore et 
al. 1991 ). The extracted microfossils were lightly stained with 
0.3 % safranin and mounted in a glycerol-water mixture. In 
each sample an average of 1500 pollen grains were counted. 
The percentage values were calculated on the basis of the total 
sum, including all pollen types. 

A macrofossil analysis was performed using the same core 
as for pollen analysis. The core was cut into 20-cm contigu
ous samples and their volume was determined. Macrofossils 
were extracted by heating the sample in a 5% sodium hydrox
ide solution for 5 min and then sieved under running water. 
Sieves with mesh sizes of 200 µm, 300 µm and 700 µm were 
used. The residues were examined under a stereomicroscope 
and the total amount of macrofossils was counted. In the 
macrofossil analysis the absolute number of items of each 
taxon was recalculated to a standard volume of 500 cm3. 

Zones in the pollen and macrofossil data were delimited 
using Detrended Canonical Analysis (DCA; Hill 1979). 
Samples were grouped into 'zones' using a simple iterative 
procedure linking simultaneously pollen and macrofossil 
samples into groups whose envelopes did not overlap. 

Other methods 
We made phytosociological releves in the summer and 

autumn of 1987, using standard methods described by 

Mueller-Dombois & Ellenberg (1974 ). In a belt, 70 m in 
width and 140 min length situated across the alder carr we 
labelled all 830 trees in the autumn of 1987. Trunk girth at 
the standard 1.3 m height was measured in the autumn of 
1987 and in 1998. A comparison between releves by par
ticular authors was made using DCA. In randomly selected 
72 A/nus and 14 Betula trees growing in the above belt two 
cores were taken from with a Pressler increment borer at 
1.3 m height to count the number of tree rings. 

Results 

Pa I aeobotan ica I reconstruction 
Three zones were distinguished by DCA ordination in 

the core both for pollen and macrofossil data (Fig. I). The 
lower zone ( 160 BC - 680 AD) represented a small oxbow 
lake, ca. 1.5 m deep, dominated by wetland plants, such as 
Myriophyllum spicatum, Batrachium spec., Potamogeton 
spec. and Nuphar lutea. The occurrence of some taxa was 
proved by trichosclereids (Nvmphaeaceae) and leaf spines 
(Ceratophyllum). The presence of zygospores of the 
chlorococcal alga Mougeotia indicates permanent water. 
Amphibious plants, such as Alisma plantago-aquatica, 
Polygonum amphibium and Sagittaria sagittijr,lia were abun
dant in the littoral. An adjacent belt of wetland vegetation 
was formed by sedges (predominantly Carex rostrata) and 
other common wetland plants (Lycopus europaeus, Lythrwn 
salicaria, Cicuta l'irosa, Ranunculus flammula, Solanwn 
dulcamara). An alder stand was apparently situated closely 
to the oxbow lake, because A/nus was well represented in the 
pollen spectrum. Pinus, Carpinus betulus and Tilia cordata 
grew probably on the adjacent terrace slope. 

After the oxbow had filled up a wetland dominated by 
Filipendula u/maria and Caltha pa/ustris was developed 
(middle zone, 680 - 970 AD). Sedges ( Carex vesicaria. C. 
pseudocyperus and C. echinata) were relatively infrequent 
there. Although A/nus glutinosa pollen were abundant, the 
number of macrofossils slowly decreased, indicating that 

macrofossils 
18 

12 

0 w 

0 2 3 

Fig, 1. DCA ordination diagram of the pollen and macro fossil 
data from a 5-m core. The 20-cm contiguous samples are 
labelled with numbers; samples belonging to the three zones 
arc in envelopes. 
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the alder locally declined. Later on a Sphagnum dominated 
fen developed. with Equisetum, Ericaceae and Calla 
pa/ustris. Since this time the river sediments contributed 
only little to the sedimentation process and the effect of 
local springs at the foot of the terrace became dominant. 
The alluvial wetland changed to a spring type wetland. 

The upper zone (970 AD - present) began with a marked 
vegetation shift. Sphagnum decreased and Potentilla 
pa/ustris, lycopus europaeus. Cicuta riro.1·a, Caltha 
pa/ustris, Care.r echinata and Sp(ll;r_:anium minimum be
came more abundant in the peat bog. After that the wetland 
became overgrown with A/nus and Befit/a. and a closed 
forested wetland was established. 

The dynamics of A/nus and heliophilous wetland herbs 
showed opposite trends during the past ca. 900 yr, with four 
or three peaks of A/nus, based on pollen and macrofossils, 
respectively (Fig. 2). The results indicate a cyclic develop
ment of the alder carr during the last millennium. 

The uppermost two samples of the pollen diagram (20 
and O cm) included roughly the last I 00 yr. In the Sphag-
11um peat layer ( I 6- 27 cm) mosses indicating mesotrophic 
to eutrophic habitats were abundant (Sphagnum palustre, 
S. recunwn and Cal/ie,:r_:on cordif'olium). Sphagnum 
squarrosum and Rhi::.011111ium punctatum were infrequent. 
This layer with indicators of an open peat bog corresponds 
to the stage studied by Mikyska ( 1926). For more detailed 
palaeobotanical results sec Pokorny et al. (2000). 

Vegetatio11 dynamics during the last JOO years 
The oldest floristic records from the locality ·Na bahne' 

by Hansgirg ( I 88 I) and Sitensky ( I 891) include numerous 
species indicating an open peat bog environment. Some 
more tloristic notes confirming these records were pub-
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Fig. 2. Synthetic percentage pollen diagram and Alnu.1 and 
Belli/a macrofossil diagram, illustrating local vegetation suc
cession. The three zones were delimited using DCA multivariate 
analysis (see Fig. I). 

Fig. 3. Map of the locality ·Na bahne' according to Mikyska 
( 1926. 1964), Rydlo ( 1981) and our research in 1987. Locali
sation of phytosociological relevcs ( 3 - 17 ). Some important 
vegetation types are also given. Releves I and 2 by Mikyska 
( 1926) were recorded in the alder ca1T, their exact localization 
is unknown. a = alder carr; b = peat bog; c = alder carr with 
dominating Calla pa/ustri.c d = alder carr with dominaning 
l_1·copus eumpaeus. 

lished at the verge of the century. Until the I 930s the centre 
of the locality was open. with a Sphagnum peat bog, 
whereas the foot of the terrace was covered with an alder 
stand (Mikyska I 926). The vegetation pattern changed re
markably between I 926 and I 964 (Mikyska I 964; Fig. 3 ). 
The central peat bog became overgrown by an alder carr 
and plants requiring an open canopy disappeared. The 
species composition of the alder carr surrounding the peat 
bog also changed markedly between I 924 and I 964. A 
comparison of the vegetation relevcs of the alder carr re
corded by Mikyska in the I 920s and I 960s indicates a major 
change in species composition reflected in a shift of x
coordinates of the sites in the DCA scatter diagram (Fig. 4 ). 
Later. the development slowed down. Hence, in the DCA, 
the envelopes encompassing relevcs recorded by Mikyska 
( I 964 J. Rydlo ( I 98 I) and Klimesova & Klimes ( 1987) are 
situated close to each other (Fig. 4 ). 

In I 998 the tree layer was dominated by Ahws glutinosa, 
(nearly 68'.!f, of the trees). Another important tree reaching 
the canopy was Betulci pubescens (21 o/r of the trees). The 
remaining I 09r included younger trees of Ulm us 111i1101; 

Tilia corclata, Sorbus aucuparia and Prunus padus, which 
did not reach the canopy. 

The relationship between tree age (TE) and trunk girth 
( TC) in I 998 was linear (regression analysis): 
Betulu: TE= 0.93 * TG + 40.99. R' = 0.39. P < 0.001: 

Ainu.,: TE= 0.94 * TG - OAI 5. R' = 0.37. P < 0.05. 

The slope of the regression line was nearly the same for the 
two species (P > 0. I) but the increment differed between 
them (P < 0.05). In Betu/a the increment was close to 0, 
whereas in A/11u.1· it was nearly 4 I. This difference can be 
explained by the fast growth of young A/nus trees and a 
stable increment in trunk girth in Betula. At present hardly 
any trees of either species younger than 40 yr can be found 
in the locality; most Betula trees arc older than 70 yr. The 
distribution of the tree age of A/1111.1· and Betula in the 
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Fig. 4. DCA ordination of the presence/absence data based on 
rcleves (1-17) recorded in the alder carr of the locality 'Na 
bahne' from 1926to 1987. 

central and peripheral areas of the locality indicated that (I) 
the central part of the locality was colonized by Al,ws in the 
1950s and (2) the trees of the marginal belt of the locality 
established at the end of last century. 

Current tree dynamics arc characterized by ageing of the 
Ahius and Betula populations, and hardly any seedling 
establishment of either species. Trunk girth of Ahws trees 
increased significantly in the past IO yr (Fig. 5), except for 
the smallest size classes. In Bew/a the increase was not so 
apparent because many big trees died during the last 
decade (Fig. 5). Mortality in Al,ws was nearly the same in 
the middle and lower size classes, whereas no mortality has 
been recorded during the last IO years in the higher size 
classes. From 1988 to 1998 8% of A/nus trees died, whereas 
in Betli/a 35'/r trees died and fell down. 

Discussion 

The development of the vegetation in the locality fol
lowed a classical alluvial succcssional series (Ellenberg 
1986), starting with an oxbow, slowly filled up by sediments, 
later on developed into a wetland dominated by Filipendula 
and Ca/tha. At that time Alnu.1· glutinosa was abundant in 
the pollen spectra but nearly missing among macrofossils, 
indicating its presence in the surroundings. Finally, before 
the second millennium, a Sphagnum bog developed and at 
about 1150 AD an alder carr established. It declined and re
established three times at least. The recent alder carr, 
situated along the foot of the terrace, established according 
to tree age, pollen and macrofossil data Jess than 130 yr 
ago. The centre of the locality was colonized by Ahius ca. 
55 yr ago. 

Our data show that an alder carr may persist in a locality 
over more than 800 yr. However, during the whole period 
the canopy of A/nus was not as dense as it is today. Its cover 
was repeatedly much reduced or even A/nus locally disap
peared completely. The driving force of the cyclic develop-
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Fig. 5. Changes in size distribution of trunk girths in A/11u.1· 
glutinosa and Beutla puhescens in the locality 'Na bahne' 
from 1988 to 1998. 

mcnt of the alder carr is unclear. The changes may be 
caused by the life history of A/nus itself. It cannot establish 
under a closed canopy and in small canopy gaps - a 
reduction of the tree layer cover to 30-50% is not sufficient 
for its establishment (Tucker & Fitter 1981; Korpel' 1995). 
Vegetative multiplication is also inefficient because the 
suppressed trees die soon. Therefore, the even-aged A/nus 
stands cannot persist for a time longer than the life-span of 
the alder, which is about 200 yr (Korpel' 1995), but in the 
study site usually less than 90 yr (Klimesova et aL 1997). 
The die-back of most A/nus trees in a stand may promote 
establishment of a peat bog with hollows and hummocks. 
The soil of the hummocks is relatively dry and therefore 
more appropriate for Alnu.1· establishment than permanently 
wet sites (Mc Yean 1956 ). Thus, an autogenous cycle in 
alder carrs may work, as suggested by Jenfk ( 1980) and 
Palinski ( 1986). Alternatively, an allogenous cycle induced 
by cutting of adult alder trees by humans should be consid
ered. However, the increased human activity indicated by a 
high incidence of pollen of synanthropic plants was not 
correlated with the decrease of Alnu.1· pollen and 
macrofossils. Therefore, we do not have any additional 
evidence to support this explanation. Changes in hydro
logical regime of the locality could also explain the cyclic 
development of the alder carr. Human-induced changes in 
water table (Brock et al. 1989) and long-term fluctuations 
in water table caused by changes in river discharge (Janssen 
ct aL 1995) have been described as factors enabling alder 
carr establishment The pollen analysis, however, does not 
indicate any disrupt change in water regime of the locality, 
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The local source of spring water seems to buffer water level 
fluctuations caused by the river. The same holds for nutri
ents to some extent. Therefore, we conclude that the autog
enous model of the cyclic development of the studied alder 
carr provides the most probable explanation of the ob
served pattern. 
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Abstract. A dominant plant of temperate nutrient-poor 
grasslands, Festurn ruhra, possesses remarkable intraspccific 
differentiation both within and among localities. This differ
entiation concerns parameters that determine its spatial mobil
ity and competitive ability. such as growth and tillering rate, 
sensitivity to red/far red light ratio and rhizome length and 
branching. An implant experiment in their native habitat showed 
that clones differing in these parameters also fared differently in 
the field. Our experiment showed that the response in the 
demographic parameters to the structure of neighbouring veg
etation (species composition, biomass) was rather weak; the 
difference among clones in these parameters was pronounced. 
This suggests that the genetic composition of a population may 
have profound effects on the whole community dynamics. 

Keywords: Competitive ability; Festllca ruhra; Implant; 
Rhizome. 

Introduction 

A major part of plant ecology is based on the assumption 
that species can be represented by a set of quantities that are 
species-specific. Recent examples arc species-specific 
growth forms (Grime et al. 1988), species-specific com
petitive effects (Silvertown ct al. 1994; Law et al. 1997), 
Ellenberg indicator values (which express species' prefer
ences to ecological factors; Ellenberg et al. 1991 ). Using 
similar logic, single species-specific quantities (means) 
have been typically used as state variables in plant stands to 
represent a population (variables such as average canopy 
height, mean population density, etc.; but see Hara 1993; 
Pacala & Levin 1997). 

The same type of reasoning also affects treatment of the 
parameters of the environment. Again, mean values of the 
environment are often used to represent growing condi
tions of individuals (see e.g. Bell & Lechowicz 1994 for an 
extensive discussion of that matter). 

It is rather obvious that each of these parameters has not 
only its mean, but also variance around this mean (Table I). 
These variances may considerably affect dynamical behav
iour of such a system (Hara 1993; Pacala & Levin 1997). 

For example, each individual experiences different envi
ronments since densities of neighbouring plants and corre
lated abiotic factors vary, both in time and space (Bell & 
Lechowicz 1994 ). As a result hereof, (I) different individu
als of one species may encounter different neighbours, and 
(2) an individual plant may encounter different neighbours 
through its life-span (Mahdi & Law 1987). Performance of 
an individual in a stand is then a function of these environ
mental parameters. Along similar lines, species-specific 
parameters of the response are modified by intraspecific/ 
intrapopulational differentiation. 

A critical element is the 'interaction' between variation 
in the environment and genetic variation in the plant. Such 
interactions are commonly studied both in evolutionary 
ecology and in applied research on crops and their results 
are represented as 'reaction norms' which may or may not 
show genotype x environment interaction (G x E interac
tion; Via 1994 ). Most of the experiments are done with 
respect to variation in a single factor in the environment, 
often in culture. The critical issue here is that ecologically 
relevant experiments have to assess G x E interaction with 
respect to actual environmental variation that a plant en
counters in the field: if within-stand variation is the ques
tion, then with respect to microhabital variation. For exam
ple, our earlier experiments have shown that aboveground 
shoot growth and tillering and growth of the rhizome 
system in Festuca rubra is very plastic in response to 
spectral light quality and that this plasticity differs among 
genotypes (Skalova & Krahulec 1992; Skalova et al. 1997). 
These experiments, however, were done in a growth cham
ber; though every attempt was made to make the treatment 
differences lo reflect environmental variation in the field, it 
is never fully possible. Therefore the reaction norm has to 
be evaluated using actual variation in the neighbour density 
in the field. To do this, we performed an implant experi
ment with multiplied genetically identical shoots originat
ing from four clones; these shoots were planted back into 
the grassland to sample the actual range of microhabitats 
that occur there. To augment the biomass variation among 
microsites, half of the microsites were fertilised. Using this 
experiment it should be possible to tell (I) whether the 
actual microenvironmental variation is ·sensed' by the 
plant, and (2) whether this response to the environment is 
affected by intraspecific genetic differentiation. In addi
tion, we assessed (3) how docs the environment structure 
(presence and quantity of neighbouring plants) vary at the 
fine scale. 

Table 1. Examples of components of plant performance in the 
stand: means and variances. 

E,n ironment 

Plant 

Mean 

Mean neighhourhood 
compositi<m 

Species-specific 
growth rate 

Variance 

Fine-scale variance in 
the ncighh<)Urhood compositilm 

Gcnolypic/inter-individual 
,·ariation in the growth rate 
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Methods 

Study site 
The study site was located in a mountain grassland in the 

Krkonose Mts., northern part of the Czech Republic 
(Severka settlement, ca. 3 km NW of Pee pod Snezkou, 
50°41' 42" N, 15 °42' 25" E, altitude ca. I I 00 m). The 
whole area has a harsh climate; the grasslands under study 
are not naturaL but have been maintained by mowing and 
occasional manuring. The vegetation is rather short. most 
of the biomass being concentrated below 15 cm in height 
(Skalova unpubl.). 

Experimental design 
Four genetically non-identical clones of Festurn rubra 

sampled in 1987 at the study site were multiplied in the 
experimental garden in Pruhonice. The genetic non-iden
tity of these clones was assessed employing DNA RAPD 
using two primers. In June 1989, twenty individual shoots 
of each of these clones (each of them with three leaves) 
were planted into filter paper tubes of I cm in diameter and 
5 cm long filled with a mixture of compost and peat. In July 
1989, these tubes were implanted into an undisturbed grass
land at the study site. They were implanted at regular 
intervals along four rows (with distance between implants 
25 cm), with the clones arranged in a Latin square design. 
The distance between rows was 90 cm. After establish
ment, the number of shoots in clusters originating from 
individual implants and the growth and demography of the 
shoots were monitored till June 1994. All shoots within the 
clusters were tagged with coloured plastic rings. For all 
newly formed shoots, their origin, whether intravaginal or 
extravaginal, was recorded. In autumn 1992 and in spring 
1993 half of the plants were fertilized with a mixture of 
phosphate, potassium, magnesium, calcium and nitrate and 
ammonia nitrogen (2.5 glm2 of each element) in a factorial 
design with the clones. 

Each year in summer (after the July recording), the 
vegetation surrounding each implant was recorded. To 
collect information on neighbouring plants, a I 0cm x 
!Ocm plot (further referred to as 'plot') was positioned 
over the implant (with the implant in the centre). All living 
shoots of each species of grass and the number of leaves of 
dicots (mainly Polygonum bistorta) were counted in these 
plots. After counting, the plants within each I 0cm x IO cm 
plot were clipped at a height of 2.5 cm and the dry mass 
(dried at 70 °C) of the clippings was taken as an estimate of 
neighbourhood aboveground biomass. 

Data analysis 
The data were processed to yield the following variables: 

(a) natality and mortality over time, (b) intravaginal or 
extravaginal origin of each shoot, (c) within-season growth 
rate of shoots. These response variables were analysed for 
their dependence on clone identity, fertilization, neigh
bouring biomass and species composition. Species compo
sition was summarised by means of partial principal com
ponents analysis (using the program CANOCO; ter Braak 
1988). Biomass and year were used as covariables to 

remove correlation between the first PCA score and biomass 
that appeared if no covariables were used. 

The effects of clone, treatment, neighbouring biomass 
and identity on natality and mortality was tested using 
generalized linear models using the Poisson distribution of 
errors and the log link. The number of shoots in each cluster 
in the summer of the previous year was used as a covariate. 
The effects of clone, treatment and neighbours on the mode 
of tiller formation for each newly formed shoot (i.e. intra
vs. extravaginal) were tested using logistic regression. All 
calculations using generalized linear models were done 
using the S-PLUS 4 system (Anon. 1997). The effects of 
independent variables on shoot size and relative growth 
rate (RGR) were tested by analysis of variance. A nested 
ANOVA with clone, treatment, biomass and species com
position (first PCA score) as fixed factors and cluster as a 
nested random factor was used. Neighbouring biomass and 
PCA scores were divided into two classes according to the 
position of the mean. The maximum likelihood estimation 
of the ANOYA effects was used (using program BMDP; 
Dixon 1990). In all analyses, separate runs were done for 
the period 1991-1992 (before fertilization) and 1993-1994 
(after part of the experimental area was fertilized). 

Results 

Structure of'the neighbouring vegetation 
There were only four main heterospecific neighbouring 

species in the surrounding vegetation (mean densities per 
IO x IO cm± s.d., minimum and maximum): Deschampsia 

flexuo.1a ( 60 ±35, 4,293), Nard us stricta (39 ±45, 0, 217 ), 
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Fig. 1. Matrix plot of the scores on the first principal compo
nent axis of composition of neighbouring species recorded in 
IO cmx IO cm plots around F estuca rubra implants over four 
years. Each point refers to one implant. 1991. first principal 
component axis in 1991; 1992, first principal component axis 
in 1992. etc. The horizontal axis is scaled exactly the same as 
the vertical axis. 
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Anthoxanthum alpinum (20 ± 14, 0, 73) and Polygonum 
bistorta (6 ±4, 0, 31 ). Principal components analysis of the 
number of shoots of the species present around each F estuca 
shoot cluster revealed strong intercorrelations among these 
species. The first principal axis accounted for 60.9% of the 
variation in the neighbouring species composition. The 
first axis separated neighbourhoods rich in Nardus (with 
negative first axis scores) from those rich in Deschampsia 
and Polygonum (with positive first axis scores). There was 
little change in the species composition over time; the 
scores of the first axis at individual microsites in different 
years were closely correlated (Fig. I). 

Total biomass of the vegetation was 2. 11 g/ IO x IO cm(± 
1.35, minimum 0.20, maximum 7.37). The biomass in 
individual plots was also correlated over time, but its year
to-year variation was higher than for the species composi
tion and its temporal autocorrelation decays faster than that 
of the species composition (Fig. 2). 

Plant response to the local environment 
Total number of shoots, natality and mortality differed 

markedly between the clones (Table 2). In the first two 
years of observation ( 1991-1992), both natality and mor
tality were affected by the neighbouring species composi
tion; individuals with a high density of Nardus in their 
neighbourhood had consistently lower natalities (results 
not shown), but the clone x neighbourhood interaction was 
not significant (i.e. this response was not clone-specific). 
In the last two years of the experiment ( 1993-1994 ), there 
was no detectable effect of the neighbouring species com
position. In this period, natality was affected by neighbour-
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Fig. 2. Matrix plot of aboveground biomass recorded in I 0cm 
x IO cm plots around Festuca ruhra implants over four years. 
Each point refers to one implant. 1991, aboveground biomass 
in 1991; 1992, aboveground biomass in 1992 etc. The horizon
tal axis is scaled exactly the same as the vertical axis. 

ing biomass; interaction clone x fertilization was also 
significant. In 1993-1994, mortality was not significantly 
affected by any of the factors. 

The difference between clones in the proportion of ex
travaginal shoots was always significant (marginally sig
nificant in 1991-1992) (Table 2). The proportion of extra v
aginal shoots showed little response to environment. Two 
tests showed significant species composition (first PCA 
score) x clone interaction (for all unfertilized shoots and 
for all shoots in 1993-1994 ). In both cases a larger propor
tion of Nardus increased the proportion of extravaginal 
shoots in two clones (8, 20), whereas clones 13 and 19 did 
not respond to Nardus density. 

There was no significant effect of the neighbouring 
species composition summarized by the PCA on the growth 
rate (Table 2). In contrast, biomass of the neighbours rather 
consistently affected the size parameters, both directly and 
in interaction with the clone (Table 2). In implants with 
high biomass of the neighbours, the spring size was invari
ably higher; the difference persisted throughout the grow
ing season, but was weaker in summer. 

Discussion 

The experiment shows that the response in the demo
graphic parameters to the structure of the neighbouring 
vegetation is rather weak. This is surprising since the varia
tion in neighbouring plant density and correlated light levels 
changes severalfold across microsites (Skalovaetal. unpubl.). 
This may be due to a large number of contrasting stimuli in 
the field, including soil heterogeneity, suntleck movement 
with the stand etc. This phenomenon has important 
implications for the notion of plant plasticity. Although the 
plant is able to a remarkably plastic response to the envi
ronment, under field conditions this capacity of plastic 

Table 2. Summary of clone-specific responses to micro-envi
ronment (implant experiment). The following statistical tests 
were used to test individual response variables: growth rate: 
nested ANOVA; shoot formation mode: logistic regression; 
natality and mortality: GLIM (Poisson errors, log link). Neigh
bour biomass is expressed per area of I 0cm x IO cm; 'neigh
bour identity' is the first principal component of shoot counts of 
individual species at this area. CxB = Clone x Neighbour 
biomass interaction; CxI = Clone x Neighbour identity interac
tion. + = P < 0.1; * = P < 0.05; ** = P < 0.0 I; *** =P < 0.00 I. 

Clone Neighbour CxB 

Shoot growth rate 
1991-1992 
1993-1994 

Shoot natality 
1991-1992 
1993-1994 

Biomass 

+ 

Shoot formation mode (intra· vs extravaginal) 
1991-1992 + + 
1993-1994 

Shoot mortality 
1991-1992 
1993-1994 + 

+ 

Ncighhour 

Identity 

+ 

Cxl 
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response is exploited by the plant to much lesser degree 
than under many experimental conditions. Obviously. the 
potential of the plastic response measured by a typical 
experiment is clearly less relevant to the plant's behaviour 
in the field than we often think. 

A similar result has been found in other studies working 
with field densities (Fowler 1984, 1995; Bullock et al. 
1994 ). In our view, it gives support to the argument of Law 
et al. ( 1993) that the field variation in competitive pressure 
is not pronounced enough to elicit a really consistent demo
graphic response (sec also Fowler 1990). In contrast to this, 
differences between clones were pronounced and con
cerned many parameters studied. The differences between 
the clones were strong enough to override the environmen
tal variation in the field and produced consistent responses, 
e.g. in proportion of extravaginal tillers or overall natality. 
As a result, the between-clone differences in sizes of shoot 
clusters resulting from individual implants were gradually 
building up. The clone specificity in competition has also 
been shown by other studies (Taylor & Aarssen 1990; 
Mehrhoff & Turkington 1995; Miller & Fowler 1993 ). 

An independent DNA RAPD study in the experimental 
grassland (Suzuki ct al. 1999) has shown a high number of 
genotypes coexisting at a fine scale. This is the case in spite 
of genetic variation in plasticity which means that some 
genotypes may be better adapted over a range of micro
environments and should ultimately prevail. This indicates 
that the selective environments in the grassland does not 
lead to selection of one or a few 'best' genets. Possible 
(non-exclusive) explanations are (i) weak selective pres
sure relative to the age of the grassland, or (ii) differential 
selection at the seedling stage (this is not accounted for by 
this study). 

The variation in plasticity with respect to micro
environmental variation may also have a community-wide 
effect. In such a case, the overall effect of one species on an 
other would depend on the genotype composition of the 
latter; in addition, the effect of the genetic variation will be 
coupled with the spatial effects due to the spatial distribu
tion of genotypes in different microcnvironments. 
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Abstract. We have studied the population dynamics of two 
winter annual salt-marsh species. Spergularia ruhra ssp. 
loniipes and S. nirnecnsis, in an environment affected by 
fluctuating stress-causing factors (salinity, rainfall, tidal water 
level). The study was carried out in the Odiel salt marshes 
(Huelva, SW Spain). Consecutive cohorts of individual plants 
were identified with markers in permanent plots. Data from 
two years are presented in this study. Density rates of all 
populations were very high at the beginning of each growing 
season. Seed rain values range from I 785 000 to 506 000 
seeds/m2, and seed banks exceed I 580000 seeds/m2. Shallow 
cracks on the ground surface of certain areas play an important 
role as safe sites and allow a permanent seed bank to be 
formed. The number of germinated seeds and the seed rain 
rates were positively correlated with the amount of rainfall of 
that season. The great quantity of seeds in the seed rain and in 
the seed bank suggests that these populations have a high 
growth rate potential. 

Keywords: Fluctuation; Life cycle; Odiel; Population ecol
ogy; Safe site; Seed bank; Seed rain; Spergularia nicaeensis; 
Spergularia ruhra ssp. longipes. 

Nomenclature: Valdes et al. 1987. 

Introduction 

Population ecology is interested in the number of a 
particular plant or animal to be found in an area and how 
and why population sizes change. Hence, information on 
the phases of the plant life cycle provide useful intervals at 
which changes that take place in plant population size in 
relation to time can be analysed (Silvcrtown 1987). The 
information about the different phases in the life history of 
the plant is helpful to understand its population ecology. To 
know what happens in each phase and in the transition 
between different phases (age distribution of plants, fate of 
seeds and seedlings and predators) is vital for the population 
since it affects the potential members of the next generation. 
The study of these phases can become very complex. Seed 
stage constitutes a determining phase of the life cycle of 
plants. However, it is normally neglected in studies on plant 

population dynamics, because of the difficulty to work with 
seeds. The fate of the seed pool determines the population 
potential. Ungar ( 1987) emphasizes that few data are avail
able concerning the quantitative relationship between seed 
production, seed rain and the soil seed bank. Seed rain 
cannot be considered as an unequivocal estimator of the 
seed production by surface established at time intervals, 
though sometimes the estimation can be approximated. 
Seed rain does not report on the surface seed pool either, 
since this seed pool can include the seed dormants that did 
not germinate during the previous season. 

Moreover, the seed bank alone is not a good estimator of 
the seed production, since in fact the seed bank is con
stantly consumed by seed predators and is highly prone to 
fungi attacks, moreover, persistent seed can also originate 
from a previous season. Understanding the dynamics of the 
seed stage is a critical factor for a better understanding of 
other phases of the plant population. 

In this work we have quantified the seed bank, popula
tion dynamics-with the number of born and died individu
als by cohorts - and seed rain of two winter annual species 
(Spergularia rubra ssp. longipes and S. nicaeensis) for two 
cycles. Both species show high densities both as seeds and 
as vegetative individuals. 

Material and Methods 

Study sites and species 
The study was conducted at three sites at the Odie! salt 

marshes (Huelva, SW Spain), which have a maritime Medi
terranean climate. The rainfall is variable, with large 
intcrannual differences and shows striking differences in 
distribution during the growing season of plants for differ
ent years. During the cycle 1990-1991 the rainfall was 352 
mm, whereas the cycle 1991-1992 was drier, rainfall rate 
down to 279 mm; in both cases below the annual average 
rainfall in this area (513.3 mm). 

The species studied are winter annuals of the genus 
Spergularia, family Caryophyllaceae. S. rubra ssp. longipes 
populations occur on deposits of drained limestone mate
rial deriving from the channels of a nearby port area. 
locally known as the 'Eucaliptal'. This species is a primary 
colonizer on the natural marsh. 

The other species is S. nicaeensis which occurs at two 
sites. One of the sites is similar to the S. subra sites and the 
other is located on the high marsh and is flooded periodi
cally with higher tides. The first population is called 'Alta' 
and the second 'Rfa'. In this stage of the secondary succes
sion on the high marsh only populations of Spergularia 
appear. 

Seedlings and mature plants 
During 1990 16 permanent plots, each 5 m x 5 cm2 in 

size, were established. In 1991 only fi vc plots per popula
tion were used, since it was observed that these were 
sufficiently representative. Consecutive cohorts were iden
tified with markers. 

With this method we managed to control all emerging 
individuals and to eliminate risks of underestimating the 
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population. The individuals recorded drning the last sampling 
have been considered individuals belonging to the stage of 
mature plants. 

Seed hank 
Six seed bank samples were collected in each population 

with metal cylinders of 5 cm diameter and 5 cm depth. In 
the laboratory the samples were cut into 1-cm thick layers. 
and set to germinate in Petri dishes without limitation of 
water and under laboratory conditions. 

Seed rain 
Sticky traps were used to estimate the seed rain. These 

are dishes of 3.4 cm diameter. with a thin layer of vaselinc. 
This substance is sticky and allows to trap the seeds while 
avoiding any possible dispersal by wind. The edge of these 
traps was high enough to prevent seeds already lying on the 
ground to fall onto the traps. In this way an overestimation 
of seed rain number was avoided. Furthermore. the vase line 
is translucent, which makes the seed count easier. Finally, 
when heated the vaseline liquefies and the seeds are depos
ited in the bottom of the containers. 

Between 20 and 25 containers were used for each popu
lation. The traps were always placed on the same place to 
record the seed rain from the same surface. Seed traps were 
replaced, carried to the laboratory, and the seeds deposited 
on each container were counted. The experiment ended 
when the size of the seed rain diminished. Finally, capsules 
also fall down on the traps. The seeds inside them were 
counted too. The count was carried out with the aid of 
magnifier binoculars. 

Results and Discussion 

The study began with the analysis of the seed banks of 
the three populations in I 990. We were able to obtain the 
previous persistent seed bank of I 989 of the Spergularia 
rubra population (non-germinated seeds produced in pre
vious seasons), since the seed rain of 1989 had not been 
produced yet. In this persistent bank. 56 350 ± 36 465 
seeds/m2 (mean± standard deviation) were obtained; the 
seed rain of 1989 constituted the seed bank of I 990-1991. 
(Figs.1,2and3). 

Larger seed banks were recorded for the ·Eucaliptal' 
and ·Alta· populations. The rates of both species were 
higher than the highest known production of seeds from a 
seed bank for a flowering plant community: Spergularia 
marina with 471 I 35 seeds/m2 as reported by Ungar 
( 1988). The largest seed bank in this salt marsh was 
obtained in the first population, with a maximum value of 
1 581 869 ± 505 271 seeds/m2. 

There are clear differences between the seed banks of 
the same species (S. nicaeensis) in different populations. 
The seed bank in "Rfa' is considerably smaller than that in 
·Alta', probably due to "Rfa' being affected by periodic 
tidal flooding. The effect of the tide facilitates the disper
sion of the seeds, and it is an important cause of seed loss 
from the seed pool in the "Rfa' population. However, the 
two populations with no flooding ("Eucaliptal' and "Alta') 

presented huge seed banks. because they were not affected 
by the tidal dispersion process. 

Fallen seeds end up in the seed bank of the three 
populations. When the ground dries shallow cracks may 
appear on the soil, especially in the "Alta· site. The high 
seed bank values found arc explained by the fact that the 
seeds are transported by the wind toward these cracks or 
traps that serve as ·safe sites' (Harper et al. 1961; Fowler 
1988 ). The seed bank is highly superficial in the three 
populations. Seeds in the seed bank were most abundant 
(95%) in the first centimetre of the soil surface and num
bers decreased progressively with depth (Table 1 ). 

During the following growing season between 200 000 
and 300 000 seeds/m2 germinated. while only Jess than 
25% reached the mature stage. In these populations a mani
fest population regulation occurs from the seedling phase to 
mature plants through dependent mortality process. With 
these high densities in the three populations, an increase in 
mortality is observed with high density, whereas mortality 
decreases with reduced population density (Luque 1996 ). 

On the other hand, in the persistent seed bank of 1990-
1991 bet ween 5 and 1 O'lc of the seeds recorded in the seed 
banks remained. The persistent seed bank and the germi
nated seeds differ greatly from the seed bank content in 
1990. So, most of the original seed pool was lost due to 
several causes (mortality. export. deep dormancy). These 
losses arc essential for the seed banks, especially in dis
turbed habitats. since an important amount of this seed pool 
is eliminated. This mortality may be due to predation 
(mainly by ants). immaturity, fungal attack. decay. etc. 
Likewise, seed export may also be one of the main causes 
of the diminishing of the standing seed pool. 

The seed rain began during spring time. It was abundant 
and differed according to the population, more than 1 
700000 secds/m 2 in 'Eucaliptal' and 613 000 seeds/m2 in 
"Rfa' being obtained. The two populations with the same 
species (S. nicaeensis) show remarkable differences (613 
784 ± 319 535 (in 1990) and 506 364 ± 272 746 (in 1991) 
seeds/m 2 in · Alta· as compared with I 035 841±527474 
(in 1990)and 1597836±820743(in 1991)seeds/m2 in 
"Rfa · ). The production of seeds was lower in the first 
population due to the difference in the number of flow
ers produced in the plants and to the lower density of the 
final reproducti vc individuals. This also accounts for the 
differences between the seed rain of ·Eucaliptal · and 
"Rfa' during the two years of study, being larger in the 
first population during I 990- I 991. and · Rfa' in the sec
ond year. 

Table 1. Number of seeds from different depths in the seed 
bank ( 1990-1991) of three populations. (n = 6). 

Depth (cm) 

Superficial 

0-1 

1-2 

2-3 

3-4 

Eucaliptal 

1482 728 ± 465 149 

81 6:',7 ± 87746 

J:',19-1±22187 

1-143 ± 1265 

934 ± 1305 

Seedsim' ( mean ± s.d.) 

Alta Ria 

937018±239035 220610±76-152 

472965±241076 91334±83330 

96257 ± 56-165 

34 377 ± :n 02s 

3141 ±2760 

9677 ± 12223 

1019 ± 720 

76-1 ± 953 
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Fig. 1. Diagrammatic life cycles of 
Spergularia rubra ssp. longipes, popu
lation 'Eucaliptal'. (Mean ± standard 
deviation per m2). 

Fig. 2. Diagrammatic life cycles of 
Spergularia nicaeemis, population 'Alta'. 
(Mean± standard deviation per m2) 

Fig. 3. Diagrammatic life cycles of 
Spergularia nicaeensis, population 'Rfa'. 
(Mean ± standard deviation per m2). 
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In the following seed banks ( 1991) germination rates 
ranged from 118 000 seeds/m 2 in 'Alta' - where the density 
was lower in relation to the previous season - to 244400 
seedlings/m2 in the population 'Rfa', increasing in relation 
to the season 1990-1991. 764 000 seedlings/m2 were re
corded in one of the plots of this population. Meanwhile, 
the population of Spergularia rubra showed densities simi
lar to the previous year. 

On the other hand, in the population of Spergularia 
nicaeensis with tidal influence ("Rfa') there was an in
crease in the number of germinated seeds and in seed rain 
amount from 1990-1991 to 1991-1992, while in the tidal
independent populations ('Eucaliptal' and ·Alta') a de
crease in the number of germinated seeds and seed rain is 
recorded between 1990-1991 (352 mm of rainfall) and 
1991-1992 (279 mm). 

Conclusions 

In this study huge densities have been recorded in the 
seed rain and seed bank of the three studied populations. 
We have detected large interannual, interspecific and 
interpopulation differences in the seed stage of the popula
tion dynamics. 

Spergularia rubra and S. nicaeensis belong to Type III of 
Thompson & Grime ( 1979) in relation to the behaviour of 
the seed bank and the patterns of deposition and germina
tion of the seeds. This group includes species in which 
most of the seeds germinate soon after they are shed 
(usually in late summer), but in which a small proportion 
joins a persistent seed bank. These species tend to produce 
a large amount of small seeds, which frequently show 
dormancy (Fenner 1985). High seed rain and abundant 
seed bank occur frequently in disturbed habitats. The spe
cies in the present study perform a strategy that allow them 
to play a major role as colonizers in disturbed and produc
tive habitats, such as the disturbed middle-high marsh 
where these populations occur. 

The high production of seeds, estimated from seed rain 
and seed hank in the three populations that we have been 
studying, together with the strategy of these species induce 
a practically monospecific grassland. 

There is a huge quantity of seeds lost from a phase to the 
following. This loss is an essential factor in the plant 
population dynamics in disturbed habitats since a high 
percentage of the seed pool is eliminated. In spite of the 
high proportion of exported or decayed seeds, the presence 
of shallow cracks in the soil acting as ·safe sites' contribute 
to form a large seed bank that allows the maintenance of the 
population. 

With this study. we have shown the importance of the 
seed phase in plant population dynamics. Population dy
namics during the seed stage proves to he an essential 
phase in the whole plant cycle and affects decisively fol
lowing generations.The study of seed dynamics is crucial 
for a better understanding of many events of the later 
vegetative phase of plants (high mortality rates, dcnso
dependence processes, number of final reproductive indi
viduals. etc). 
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Abstract. Two semelparous biennial hemiparasites of wet 
grasslands, Pedirn/aris pa/ustris and P. sy/l'(ltica (Scrophu
lariaceae), have been declining in the Czech Republic due to 
land management changes. Regeneration was studied in the 
field both by observation and experiment. Permanent 1-m2 

plots were set up in populations of both species in order to 
observe spatial patterns of established seedlings under natural 
conditions. A manipulative field experiment was conducted to 
test effects of disturbance regimes on recruitment. Treatments 
such as mowing, litter and moss removal, and creation of 
artificial gaps were performed in five replicate 0.25-m2 plots. 
Seeds were sown into plots and the number of emerging 
seedlings was monitored over the growing season. 

In the permanent plots. seedlings were clustered around 
mother plants. particularly in P. sylvatica. Seeds successfully 
germinated early, perhaps getting an early season advantage 
over neighbouring vegetation. However. high seedling mor
tality was found in late summer, which might be a result of 
self-thinning and caused by competition. In both species 
germination percentage in untreated control plots was low as 
compared to mown plots and plots with gaps. This supports 
hypotheses concerning the importance of available safe sites 
for species regeneration. A regular management regime and 
local soil surface disturbances seem to be important for the 
persistence of the two species. 

Keywords: Disturbance; Pedicu/aris pa/ustris; Pedirnlaris srl
mtirn; Management; Regeneration niche; Seedling recruitment. 

Nomenclature: Rothmaler ( 1976) for vascular plants; Vana 
( 1997) for bryophytes. 

Introduction 

Pedicularis plllustri f and P. sy/l'(ffica (Scrophularillceae ), 
short-lived monocarpic species of wet grasslands, have 
been declining in their habitats over the last decades through
out Europe (Rosenthal & Fink 1996; Karrenberg 1998; 
Schmidt 1998; ter Borg 1979, 1985). The reasons of their 
decline in their community are of particular interest when 
mechanisms of species coexistence in grassland plant 
communities are studied (see Grime 1979; van der Maarel 
1993; Palmer 1994 ). In the Czech Republic, these species 

were previously common on traditionally managed 
grasslands; hut most populations have decreased rapidly in 
size or became extinct because of the cessation of manage
ment (usually mowing) or because of fertilizer application 
(Hendrych & Hendrychova 1989). 

Successful establishment of new plants is a critical step 
in plant life history (regeneration niche; Grubb 1977, 1988). 
Differentiation of the regeneration niche is a major deter
minant of diversity in vegetation. Seedling recruitment of 
both these species is limited by the availability of safe sites 
(ter Borg 1979; 1985 ). Seedling recruitment decreases 
dramatically after cessation of the regular disturbance re
gime, such as mowing and grazing, traditionally used in 
European wet grasslands (Bakker 1989). We assumed that 
seedlings of these Pedicularis species recruit in gaps. 

The aim of this study is to compare the regeneration 
dynamics of the two Pediculuris species. Seedling recruit
ment was monitored in permanent plots and the effect of 
disturbance regimes, including the creation of artificial 
gaps, was tested by the use of a manipulative experiment. 

Material and Methods 

Study species 
Pedicularis is one of the largest genera in the family 

Scrophulllriacelle, with several hundred hemiparasitic spe
cies. P. palustris is a hemicryptophyte with a winter bud 
(Hartl 1974 ). It occurs in irregularly mown or moderately 
grazed marshes, wet meadows and dune slacks (Hartl 
1974 ). P. palustris prefers wet habitats such as marsh 
meadows, peatbogs and fens of the Carie ion !asiocarpae, 
Mo/inion, Caricion fitscae and Ca/thenion communities 
(Dostal 1989). These habitats are inundated for at least 
several months of the year. P. sylvatica is a biennial, rarely 
perennial, hcmicryptophyte with a winter bud (Hartl 1974 ). 
It occurs on moist and sandy or peaty soils within open 
vegetation. It is a characteristic species of the alliances 
Viol ion caninae and Ju11cio11 squllrrosi and may occur also 
in Caricetea cc111esce11fi;{uscae and Ericion tetralicis com
munities (Westhoff & den Held 1969; Oherdorfer 1979; 
Dostal 1989). It also grows in woodland edges and paths 
(pers. obs.; tcr Borg 1985). Both Pedicularis species usu
ally behave as biennials and have short persistent seed 
banks (Thompson et al. 1997; tcr Borg, Massei ink, Jensen 
pcrs. comm.). After dispersal seeds of P. syfratica will most 
likely germinate the following spring. Two separate co
horts of P. palustris can he distinguished (Watkinson & 
Gibson 1987). Seeds of one cohort germinate immediately 
after dispersal in late summer and overwinter as juveni Jes 
(winter annuals). The other cohort overwinters in a 'short 
persistent seed bank' (Grime et al. 1988) and germinates 
the following spring (biennials). 

Study sites 

Study sites for both species are situated in South Bohe
mia, Czech Republic, close to Ccske Budejovice. Mean 
annual temperature is 7.8°C and mean annual precipitation 
is 620 mm (Syrovy 1985 ). 
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Pedirnlaris palustris - Dfrcice 
Observation and field experiments were carried out at 

Dfvcice. 20 km northwest of Ceske Budejovice, 49°06' N, 
14°19' W, 380m a.s.l. This site contains one of the last 
remaining populations in the region. which has been de
clining over the last five years from hundreds of generative 
P. palustris to only a few individuals (Bast) pers. comm.). 
The P. palustris population occurs at the border between a 
wet mesotrophic Molinio11 meadow and a Caricion gracilis 
stand. 

Pedicularis syll'l1tica - Ohraz.enf 
The P. sylvatirn population was studied in a wet meadow, 

situated between an agricultural field and pine-oak woodland. 
The meadow was regularly mown until the late eighties, 
when it was abandoned. This meadow is located IO km 
southeast of Ceske Budejovice, 48°57' N, 14°36' E, 510 m 
a.s.l. The vegetation is characterized by the Molinion alliance. 

Spatial pattern of seedling recruitment 
Field observations were carried out in one l -m 2 perma

nent plot, divided by a grid into 0.1 m x 0.1 m subplots within 
each species population. In August 1997 all fertile plants 
( already dead, releasing seeds, hereafter cal led mother plants) 
were marked and their position on the grid recorded. Seed
lings in each subplot in the grid were counted in May 1998. 
Seedling spatial patterns were characterized by the 
variance:mean ratio, both of the number of individuals per 
subplot and the dependence of seedling number in a cell on 
the distance of the cell centre from the nearest mother plant. 

Manipulative field experiment~ effect rd" disturbance re
gimes 011 recruitment 

A manipulative field experiment was started in August 
1997 in each site. The experiment was arranged in five 
randomized complete blocks of 0.5 m x 0.5 m plots. Plots 
were divided into 25 subplots ofO. l m x 0.1 m. Capsules of 
both species containing ripe seeds were collected in the 
beginning of July 1997 (P. palustris) and by the beginning 
of May 1997 (P. srlvatica) at the respective sites and stored 
at room temperature until August. 90 seeds of each species 
were sown by hand into the nine central subplots to mini
mize edge effects. By experimental sowing we can elimi
nate the effects of dispersal and study effects of treatments 
on germination and establishment only. In each block. the 
following treatments were used: 
P. palustris: ( 1) untreated control; (2) mowing, where the 
aboveground biomass was cut and litter removed; (3) litter 
and moss removed without mowing; (4) small gaps were 
created (five gaps per plot, 5 cm in diameter cutting the sod 
about 3 cm deep and turning it upside down). 
P. sylvatica: (I) control; (2) mowing with litter removal; 
(3) litter and moss removal; (4) small gaps (five gaps per 
plot, 5 cm in diameter) were created cutting the sod about 3 
cm deep and turning it upside down; (5) large gaps (five gaps 
per plot, IO cm in diameter) by cutting the sod about 3 cm 
deep and turning the cut portion upside down; (6) mowing, 
where the aboveground biomass was cut and both the litter 
and moss removed. In order to prevent the burying of seeds 
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Fig. 1. Dependence of the number of seedlings in a 0.1 m x 0.1 
m cell on the distance from the mother plant in a. Pedicularis 
pa/ustris and b. P. sylvatica. The significant relationship (p < 
0.05) was fitted by LOWESS regression. Note the different 
scales on the y-axis. 

and standing water, gaps were shallow. Small-sized gaps 
only were created in P. palustris because of the very wet 
conditions and in the tall vegetation large gaps would be 
permanently filled with water. Both small and large sized 
gaps could be created in the short drier grassland occupied 
by P. sylvatica to study the effect of gap size on seedling 
recruitment. In drier P. syfratica sites the effect of moss 
removal in mown plots on seedling establishment could 
also he studied. The following mosses were found in P. 
sylvatica plots: Aulacomnium palustre, Climacium 
dendroides, Hylocomiu111.1ple11dens, Polytrichum commune, 
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Rhytidiadelphus squarosus, Scleropodiwn purum. 
The number of emerging seedlings was monitored 

monthly over the growing season from April to August. In 
total 25 subplots in each 0.5 m x 0.5 m plot were studied 
with respect to possible seed dispersion from the central 
nine sown subplots. Periodic sampling provided informa
tion about seedling emergence until June. July and August 
data provided information on seedling survival. 

Data analysis 
The LOWESS regression in the non-linear estimation 

module in STATISTICA (Anon. 1996) was used to fit the 
relationship between seedling density and distance from 
the mother plant in permanent plots. A univariate repeated 
measures ANOVA model in STATISTICA (Anon. 1996) 
reflecting the block structure of the experiment was used to 
analyse data from the manipulative field experiment. In the 
repeated measures analysis the between-subject variation 
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corresponds to differences between observed sampling 
units (block and treatment) and the within-subject varia
tion corresponds to changes in time. Data were evaluated 
after logarithmic transformation x' = log (x + I). Note that 
with log-transformed data, the interaction of time and 
treatment reflects differences in relative changes in time. 

Results 

Spatial pattern of seedling recruitment 
Seedling spatial pattern was clustered (variance:mean 

ratio >> I) in both species. In P. palustris, the highest 
number of seedlings was found 30- 40 cm from mother 
plants. Only a few seedlings were found either within I 0 
cm of mother plants or further than 60 cm (Fig. I a). In P. 
sylvatica, the number of seedlings decreased monotonically 
with distance from mother plants (Fig. I b ); the relationship 
was significant (p < 0.05 ). 
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Fig. 2. Germination dynamics of Peclicularis pa/ustris seedlings from April (4/98) to August (8/98) in the manipulative field 
experiment. a. P. palustris. Treatments were: M: mowing with litter removal; L+Mo: litter and moss removed without mowing; 
M+g: small gaps created in mown plot; C: control. Timex Treatment interaction was statistically significant (p < 0.05). For b. P. 
sylvatica treatments were: M+Mo: mowing with litter removal; L+Mo: litter and moss removed without mowing; M+G: large gaps 
created in mown plot; M: mowing with litter removal; M+g: small gaps created in mown plot; C: control. The effect of treatment was 
statistically significant (p < 0.05 ). Number of seedlings was average number per plot (out of 90 seeds sown). Box and whisker plots 
of seedling counts in August: c. P. palustris; d. P. svlvatica. Differences among treatments were not statistically significant. Note the 
different scales on the y-axis. 
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Manipulative field experiment - effect <>( disturbance re
gimes on recruitment 

P. palustris. Seedling density increased from April to 
July in all treatments except in plots with gaps. The highest 
number of seedlings was recorded in July in mown plots 
( 18 per 0.5m x 0.5m plot), in plots with litter and moss 
removed (8), and in control plots (8). From July to August 
the number of seedlings declined in these treatments. In 
plots with gaps the highest number of seedlings occurred in 
June (5) and some new seedlings were recorded in August 
(Fig. 2a). The Timex Treatment interaction was significant 
(p < 0.05) revealing differences in dynamics between treat
ments. High variability within treatments was found in 
August (Fig. 2c) and consequently differences between 
treatments were not significant. It should be noted that the 
control yielded the lowest number of seedlings surviving 
until the end of the season. 

P. sylvatica. Germination mainly occurred in April and 
May in all treatments varying from IO in control plots to 54 
with moss removal. From May to August the number of 
seedlings in all treatments declined. However, from July to 
August the number of seedlings slightly increased in mown 
plots and in plots with small gaps (Fig. 2b). The number of 
seedlings differed according to treatment (significant ef
fect of Treatment, p<0.05), but the relative proportions 
were roughly constant over time (non-significant Time x 
Treatment interaction). Differences at the end of the season 
were not significant, probably because of the high variabil
ity within treatments (Fig. 2d). Again. the control yielded 
the lowest number of seedlings. 

Discussion 

Distribution of dispersed seeds around mother plants 
(called a 'seed shadow', Fenner 1992) corresponds with a 
clustered spatial pattern of seedlings found in both species 
sites. The distance of maximum seedling density can he 
influenced by the nature of the seed source (Fenner 1992 ). 
Differences between species arc probably attributable to 
different plant heights. The height of fruiting P. palustris is 
30-60 cm, however, plants usually break below the middle. 
Broken stems fall a distance of 20-40 cm and seeds drop 
out of capsules at this distance from the base of the stem. 
Fruiting P. sylvatica plants arc low and drop seeds in their 
close vicinity. Consequences of postdispersal seed trans
port (hydrochory in P. palustris and myrmecochory in P. 
sy/vatica) need further investigation. 

Both species begin their life cycle much earlier than the 
neighbouring vegetation. We assume that optimal light 
conditions at this time enable the seedlings to recruit with
out being outcompetcd (see van Tooren 1990; Spackova et 
al. 1998). This early germination may also he an advantage 
in their hemiparasitic life history. 

The number of established seedlings depends on seed 
dispersal, germination, seedling establishment and mortal
ity. P. palustris had lower germination than P. syll'(ltica. 
This might be caused hy weather and different habitat 
condition. Rooy & Verhoeven ( 1985 unpubl.) show that 
seed germination of P. palustris is strongly influenced hy 

water level fluctuation. They found that the best seedling 
establishment occurred in dry springs followed by wet 
summers preventing the plants from drying out. In our 
experimental plots high water levels in March and April 
1998 caused poor germination at the beginning of the 
season. During a later dry period. from May to July 1998, 
germination percentage increased. A dry summer probably 
contributed to seedling mortality; in addition to the effects 
of self-thinning and competition from the established neigh
bouring vegetation. For example, gaps were exposed to 
direct sun and became dry during the summer. In mown 
plots and mown plots with litter removed, seedling estab
lishment was successful (cf. Karrenberg 1998 ). The unmown 
control provided the worst conditions for species regenera
tion. Large variability within treatments probably reflects 
differences in microclimate, including air humidity (ter 
Borg 1985). Pedicularis .n'ivatica reached maximum ger
mination in May with the lowest number of seedlings in 
control plots. and the highest in mown plots with moss 
removed and plots with large and small gaps. Seedlings of 
P. sylvatica recruited better in large-sized gaps compared to 
small ones. Extreme values in box and whisker for plots 
with gaps can he caused. in the case of P. sylvatica, by 
various microclimate and habitat differences causing vari
ability in seedling counts. Litter removal studies (Carson & 
Peterson 1990; Spackova et al. 1998) have shown that 
created microhahitats may favour some plant species. How
ever, our results do not show any seedling sensitivity to 
litter removal. even when in combination with moss re
moval. 

For the Pedicularis species studied the lack of a persist
ent seed hank. with high spring germination and high late 
summer mortality can cause pronounced between-year fluc
tuations. making the species prone to local extinction. The 
seedling establishment phase is critical for population per
sistence (cf. Kfenova and Leps 1996) and in turn establish
ment is most influenced hy management practices. Our 
experiments show a positive response of regeneration ef
fort to most disturbance regimes. similar to other parasitic 
plants (Marvier & Smith 1997). Cessation of traditional 
management usually results in a decline of safe sites. This 
in turn causes suppression of seedling recruitment and can 
eventually lead to species extinction and a decline in species 
diversity. 
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Abstract. The spatio-temporal pattern of sex ratio variation in 
populations of the dioecious plant Si!l'lll' otites suggests that 
females are more susceptible to drought stress than males. 
This hypothesis was tested both in the field and experimen
tally in climate chambers. Sex ratio at the study site in Central 
Germany changed from slightly female biased in 1994 to 
strongly male biased in 1997 and 1998. The percentage of 
female plants in a year was negatively con"Clated with summer 
precipitation, suggesting that not female but male mortality is 
higher under drought stress. This could be confirmed under 
experimental conditions in climate chambers. where male 
mortality was higher when water supply of potted plants was 
stopped. 

Keywords: Climate; Dioecy: Mortality; Spatial segregation 
of sexes: Vegetation cover. 

Nomenclature: Tutin et al. ( 1993). 

Introduction 

In many dioecious plants the sexes respond differently to 
environmental conditions. female plants usually being more 
sensitive to unfavourable conditions than male plants 
(Bierzychudek & Eckhart 1988; Dawson & Ehleringer 
1993; Freeman et al. 1993; Shea et al. 1993 ). One often 
investigated factor in this respect is water supply. In all 
nine studies mentioned by Bicrzychudek & Eckhart ( 1988), 
in which the relationship between sex ratio and moisture 
was investigated. more females were found at wetter sites 
or more males at drier sites. 

Silene otites occurs in dry and semi-dry grasslands from 
South- and Central Europe to Central Siberia (Hegi 1979). 
Its sex ratio has often been reported to be male-biased 
(Knuth 1894; Corrcns 1928; Westergaard 1958; Weeda et 
al. 1985), whereas female-bias is the rule in dioecious 
Silene species (Westergaard 1958: Mulcahy 1967: Lloyd 
1974: Lovett Doust et al. 1987; Hcrmanutz & Innes 1994; 
Lyons ct al. 1994: Taylor 1994 ). However. in dry grasslands 
in Central Germany Soldaat ct al. ( 1997) found an unbi
ased sex ratio in S. otites in 1994 and an only slightly male 
biased sex ratio in 1995. Furthermore, they found female 
biased sex ratios in habitats with high vegetation cover. 
As a possible mechanisms causing this spatio-temporal 
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pattern they suggested that females are more susceptible to 
drought stress than males. In this study we describe how 
the sex ratio developed over five years in relation to sum
mer precipitation and we experimentally investigate the 
hypothesis that female mortality is higher than male mor
tality under drought stress. 

Methods 

Life history of'Silene otites 
Flowering in Silene otites starts in late spring and contin

ues until late autumn, dependent on weather conditions. 
Part of the seeds germinate directly after seed ripening in 
early autumn. and a second germination takes place in 
early summer the next year. In both periods seedling 
density may be more than 300 plants/m2. However. sur
vival of the seeds germinated in early spring is extremely 
low ( less than 0.5'7< of ca. 2000 seedlings in 1994) due to 
summer drought, whereas autumn seedlings have a much 
higher probability of survival. Field observations suggest 
that many young plants do not flower in the first summer 
after germination. It is not known whether the onset of 
flowering is primarily determined by plants size. plant 
age or environmental conditions. Mean life span is ca. 5 
yr (Klotz pers. comm.) but individual plants may live 
much longer. 

An1111al variatio11 in sex ratio and preni>itation 
From 1994 to 1998 34 populations of Silene otites were 

investigated in dry grassland on 14 porphyritic outcrops 
north of Halle (Sachscn-Anhalt. Germany). Each year in 
August all plants were counted and their sex was deter
mined by visual inspection of the flowers. For details see 
Soldaat ct al. ( 1997). 

Drought stress experiment 
From a seed mixture collected from about 25 Silene 

otites plants 117 plants were grown in each of two climate 
chambers (light/dark conditions= 16/8 h. temperature= 20 
I I 5°C, relative humidity= 80 <J ). The plants were potted in 
a 3: I mixture of sand and potting soil in 0.5 I pots and 
supplied with ample water. After three months, when most 
female flowers had formed seed capsules, all plants were 
watered by placing the pots in a water bath until no water 
was absorbed any more. At that moment eight plants had 
died or did not flower. From each climate chamber five 
plants of both sexes were selected randomly, washed and 
dried at 45°C in order to determine root and shoot dry 
weight. The number of rosette-leaves and rosette diameter 
of each plant were determined. After three weeks without 
water. when ca. 50'7' of the plants obviously had no 
aboveground living biomass any more. water supply was 
restored. Two weeks thereafter survival could easily be 
determined by scoring the presence or absence of new 
leaves. 
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Results 

Annual variation i11 sex ratio 
Both the overall sex ratio in the 34 populations of Silene 

otites and the mean sex ratio changed from slightly female
biased in 1994 to strongly male-biased in 1997 and 1998 
(Table I). In contrast with our expectation, however, the 
percentage females was not positively, but negatively cor
related with precipitation (Fig. I). Although this relation
ship was not significant, the pattern suggests that not 
female mortality, but male mortality is higher under drought 
stress. On the other hand, drought stress was probably not 
the main mortality factor in the study area: There was a 
continuous decrease in plant numbers from 1994 to 1997, 
despite the high summer precipitation in the latter year 
(Table I). 

Experiment 
In both climate chambers male mortality was signifi

cantly higher during the drought treatment (Table 2). This 
is in contrast with our initial hypothesis, but it explains the 
relationship between precipitation and sex ratio in the field 
(Fig. I). The only difference in biomass allocation between 
males and females that could be found was a higher number 
of leaves in female plants (Table 2). This difference, how
ever, has not caused the lower mortality among females, as 
both the number of leaves and rosette diameter were not 
negatively but positively related to mortality (ANCOVA, 
binomial errors, covariate number of leaves: p < 0.05, 
covariate rosette diameter: p < 0.00 I). 

Discussion 

Both the field data and the results of the experiment are 
in contrast with the hypothesis that females are more sus
ceptible to drought stress than males. Instead, male mortal
ity is higher under drought stress. These findings are also in 
contrast with literature data on the spatial segregation of 
sexes in dioecious plants in relation to environmental con
ditions. As mentioned in the introduction, the proportion of 
female dioecious plants is usually higher under wet condi
tions. A generally accepted explanation for this pattern is 
that females have less resources to survive environmental 

Table 1. Sex ratio development in 34 Silene otites populations 
and changes in plant numbers from 1994 to 1998. n = total 
number of flowering plants of which the sex could be deter
mined; 11,1 = total number of plants with stems; nnr = total 
number of non-flowering plants ('7c in parentheses). 

Year Sex ratio 

(ck females) 

Overall Mean ± s.d. II ll~l llnl 

1994 51.0 52.9 ± 11.5 4960 5445 1758(24) 
1995 47.6 49.0 ± 11.9 3669 4525 927 (17) 
1996 49.3 52.1 ± 13.5 2830 3618 972 (21) 
1997 43.4 42.3 ± 14.6 1618 2186 1758 (45) 
1998 44.3 43.2 ± 11.7 2344 2946 615 ( 17) 
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l<'ig. 1. Overall sex ratio in 34 populations of Silene otites 
in August and summer precipitation (Regression line: 
r = -0.724, n = 5, p = 0.167). The dotted line indicates an 
unbiased sex ratio. 

stress than males because of the higher investment in 
reproduction (Bierzychudek & Eckhart 1988). In the ex
periment reported here. however, differences in biomass 
allocation between male and female S. otites plants seem 
not to have caused the difference in drought stress suscep
tibility. 

Most plants in which sex could not be determined (see 
Table I) were infected with the smut fungus UstilaKo 
major. This pathogen forms spores in the flowers and thus 
sterilizes the plant. Both sexes are equally susceptible to 
the fungus (Soldaat et al. 1997), which means that the 
reported sex ratios are not biased due to fungal infection. 
The mechanism causing male bias in S. otites populations 
remains unknown. If the only environmental effect on sex 
ratio is the higher male mortality under drought stress 
reported in this study, then sex ratios can only be unbiased 

Table 2. Biomass allocation and mortality of male and female 
plants in the drought stress experiment. The differences be
tween sexes were tested with generalized linear models with 
sex and climate chamber as factors. Interactions between 
climate chamber and sex were not significant. The number of 
leaves. rosette diameter and mortality were higher in chamber I. 
Mortality was tested using binomial errors; all other variables 
were untransformed. *** = p < 0.00 I; n.s. = not significant. 

Male plants Female plants 
Mean± s.d. II Mean± s.d. n Sign. 

Shoot dry weight (mg) 1.26 ± 0.46 10 1.50 ± 0.57 10 n.s. 
Root dry weight (mg) 0.43 ±0.14 10 0.45 ± 0.21 10 n.s. 
Shoot:root ratio 3.10± 1.41 10 3.47 ± 0.87 10 n.s. 
Number of leaves 61.2±19.0 109 74.9 ± 22.1 117 *** 
Rosette diameter (cm) 10.2±1.4 109 10.4±1.7 117 n.s. 
'7c mortality chamber I /2 92/72 38/61 62/26 64/43 *** 
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(under favourable environmental conditions) or female 
biased (under drought stress). This is not true for the study 
site: In four of the five years sex ratio was male biased. 
Furthermore, S. otites populations were often reported to 
be male biased as mentioned in the Introduction. Thus, 
some mechanism is working in favour of male plants. A 
possible mechanism is a higher male longevity. Mean 
longevity of S. otites is ca. 5 yr (S. Klotz pers. comm.). 
Simple calculations showed that the percentage of female 
plants in a population rapidly decreases if females live five 
years and males six years. It remains to be studied, how
ever, whether male longevity is higher under field 
conditions. 

We are aware of the fact that the field data is only weak 
evidence for higher male mortality under drought stress. 
Moreover, the relationship shown in Fig. I could also be 
explained as a continuous decrease of the percentage fe
males in time, independent of drought stress. Stronger 
evidence is given, however, in follow-up research in which 
sex ratio changes in the field are related to estimated water 
availability (Soldaat et al. 2000). 
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Abstract. In the Bialowieza Primeval Forest, stands of the 
Potentillo albae-Quercetum ('oak forest') have been invaded 
by Carpinus betulus for the last 30 yr, which caused the 
disappearance of many light-demanding perennials. The in
fluence of Carpinus on the species richness and size of the 
seed hank and the contribution of light-demanding species to 
the herb layer and seed bank were analysed. The research was 
carried out in two parts of the forest: with Carpinus present 
only in the herb layer (A), and present in the shrub and tree 
layers (B ). Soil samples were collected and kept in an un
heated glasshouse. Emerging seedlings were recorded from 
1995 to 1997. In the first year as much as 75o/r. of the species 
and 80% of the seedlings appeared in the samples from both 
plots. The herb layer in B was poorer in species than in A. The 
species richness of the seed bank and the density of seedlings 
were significantly lower in B than in A. It is remarkable that in 
B there were twice as many light-demanding species in the 
seed bank as in the herb layer, while in A these numbers were 
equal. The species absent from the vegetation might be the 
most persistent components of the seed bank. 

Keywords: Hornbeam invasion; Light demand; Potentillo 
albae-Quercetum; Seedling. 

Introduction 

The long-term study on permanent plots in phytocoenoses 
of the Potentil/o albae-Quercetum ('oak forest'), located in 
the Bialowieza Primeval Forest, showed that these com
munities constantly decline in the region (Falinski 1986). lt 
was affirmed that both the number and area of the remain
ing patches decreased (Falinski 1986; K wiatkowska 1986; 
K wiatkowska & Wyszomirski 1988). This process is di
rectly caused by gradual invasion of the oak forest patches 
by the hornbeam (Carpinus betulus) undergrowth 
(Kwiatkowska & Wyszomirski 1990). The expansion of 
Carpinus leads lo a drastic change of light conditions on 
the forest floor as soon as Carpinus juveniles grow to the 
shrub layer (Kwiatkowska & Wyszomirski 1988, 1990; 
Kwiatkowska et al. 1997). At the beginning, the influence 
of the dense Carpinus undergrowth on the herb layer 
causes in many light-demanding species, typical of oak 
forest, a decrease in seed production, next a decrease in 
their density, and finally their disappearance from the patch 
(K wiatkowska 1994 a, b; K wiatkowska ct al. 1997). As the 
seed rain of the light-requiring species is gradually getting 

poorer and poorer, this may bring about a decrease in the 
size of the seed bank in the soil. The previous study 
(Jankowska-Blaszczuk et al. 1998) showed that the soil seed 
bank in phytocoenoscs of the Potentillo albae-Quercetum 
which arc undisturbed by man, is relatively large (> IOOO 
seedlings/m2), rich(> 20 species/m2) and dominated(> 60'7c) 
by the species with high light requirements. 

One might suppose that highly light-demanding species 
do not produce long-term persistent seeds, the interruption 
of continuous seed input to the soil may cause a decrease in 
the number of those species in the seed bank, and next in 
the patches ofoak forest that have been invaded by hornbeam 
for the last 20-30 yr. 

The main aim of this study was to verify the hypothesis 
that Carpinus undergrowth influences the density, species 
composition and species richness of the soil seed bank in 
the oak forest. Assuming that the seed hank is mainly 
formed by diasporcs being produced within the community 
we also intended to assess by comparison the persistence of 
the seeds of those highly light-demanding species that 
disappeared from the patch after the beginning of the 
Carpinus invasion, but arc still present in the seed bank. 

In this work the light demands of species are expressed 
according to the 0-9 scale of Ellenberg (Lindachcr 1995) 
that indicates the ecological optimum of light conditions 
for species. 

Methods 

The study was done in the best preserved and described 
phytocoenosis of the Potentillo albae-Quercetum (Kwiat
kowska 1994 a, h; K wiatkowska et al. 1997) in the Land
scape Reserve in the Bialowieza Primeval Forest (23°31' -
24°21' E, 52°29' - 52°57' N). The invasion of this commu
nity by Carpinus betulus began from its northern margin 
about 30 yr ago (Kwiatkowska 1986). At present. in the 
marginal part of the phytococnosis the hornbeam individu
als occur in the tree canopy whereas in its central part most 
of them grow in the herb layer ( K wiatkowska 1994 a. b: 
Kwiatkowska et al. 1997). In 1994 two permanent plots of 
240 m2 (A and B) were established to analyse both the 
structure of the herb layer and the size of the hornbeam 
population. Plot A was located in the best preserved part of 
the patch and it included the area of the species-rich herb 
layer with the hornbeam juveniles not higher than herbs. 
Plot B was established within the same phytococnosis, in 
the part with many Carpinus individuals in the shrub and 
tree layers. 

The plots (6m x 40m) were divided into 60 subplots of 2 
m x 2 m. In the summer of 1994, in every 4 m2 subplot all 
species of vascular plants were recorded and their fre
quency (F'lc) was estimated as a ratio of subplots in which 
a particular species occurred in all subplots. In 1995 in 
every subplot the trunk diameter of all hornbeam individu
als was measured just above the ground. 

In the early spring of 1995, 20 soil samples, with a 
surface area of 30cm x 40cm and IO cm deep each, were 
taken from a corner in 20 subplots of 4 m2, located along 
the central 2m x 40 m transect in both plots A and B. After 
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Fig.I. The size structure of the Carpinus betulus population in two 240-m2 plots established in the oak forest: A - with Carpinus 
mainly in the herb layer, and B - with Carpinus in the shrub and tree layers. 

stems and roots had been removed, the same soil volume 
from every sample was put into a plastic tray of 30cm x 40 
cm. The soil was mixed to stimulate germination. The 
samples were kept in the unheated glasshouse of the 
Bialowicza Geobotanical Station for three growing sea
sons: 1995, 1996 and 1997. For all species ( or genera) 
recorded in the seed bank the number of seedlings and 
frequency (F% - a ratio of soil samples in which a species 
was present in all samples) were estimated. 

The light requirements of the species found in the herb 
layer and seed bank were determined using the scale of the 
light index L of Ellenberg (Lindacher 1995). This scale 
indicates species which are shade-tolerant (L = 0, I, 2), 
moderately (L = 3, 4, 5) or highly (L = 6, 7, 8, 9) light-de
manding. 

The significance of differences between the mean number 
of species and seedlings per sample of 0.1 m2 in both plots 
was assessed using t-tcsts. 

Herb layer 
A 

7% 

Results 

The study plots differed considerably in the amount of 
light reaching the herb layer due to a high density of the 
Carpinus population in the tree and shrub layers. In plot B 
the Cl117,i11us saplings and trees (trunk diameter ~ 2 cm) 
constituted ca. 60% of all individuals whereas in plot A 
most of the Ca17Ji11us individuals (9517,) did not grow above 
the herb layer (trunk diameter :c; I cm; Fig. I). 

The influence of the Carpinus undergrowth on the herb 
layer in B after more than IO yr became evident in a 
decrease in the number of species with light demand values 
from moderate to high. In plot A there were more than twice 
as many such species as in plot B (80 and 35. respectively). 
The contribution of only highly light-demanding species to 
the herb layer in A amounted about 50% (Fig. 2), which 
indicates that the Potentillo a/bae-Quercetum is a ther
mophi lous community. Altogether. there were 86 herb layer 
species per 240 m2 in plot A, and 39 in B. Of all species in 
A 19 (22%) occurred frequently in the patch (F~60%), 

Seed bank Seedlings 
A A 

10% 

(]'"' 42% 
62% 

24% 

B B 
8% 

45% 

25% 

14% 
Ill species with L=0-2 species with L=3-5 a species with L=6-9 

Fig. 2. The contribution ('Ir) of species with different light requirements (shade-tolerant with L=0-2, moderately light-demanding 
with L= 3-5 and highly light-demanding species with L =6-9) to the herb layer and seed hank as well as the contribution of their 
seedlings to the seed hank in the plots A and B. 
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Table 1. The mean number of species, including those with 
different light demands (shade-tolerant with L=0-2, moder
ately light-demanding with L=3-5 and highly light-demand
ing species with L=6-9) per 0.1 m2 and the mean number of 
their seedlings per 0.1 m2 in the seed bank samples from the 
plots A and B. 

A B 

Mean number of species and genera 
Total 22.8 ± 4.9 13.8 ± 3.0 
Species with L=0-2 2.1 ± I.I 2.8 ± 1.0 
Species with L = 3 - 5 5.9± 1.9 3.3 ± 1.6 
Species with L = 6- 9 12.5 ± 3.1 6.4 ± 2.0 

Mean number of seedlings 
Total 154.7 ± 69.9 45.9 ± 45.3 
Species with L=0-2 18.7 ± 44.4 12.4 ± 23.7 
Species with L=3-5 32.8 ± 24.6 7.1 ±4.6 
Species with L = 6- 9 78.5 ± 36.1 17.7 ± 7.1 

whereas 44 (ca. 50%) did not have frequencies higher than 
20% (Fig. 3). Of those rare species as many as 35 were 
absent from the herb layer in plot B. The presence of 
Carpinus undergrowth in plot B caused a decrease in both 
the total number of species and frequency of the remaining 
ones: only four species ( ca. I O'Jr) turned out to he relatively 
frequent (F ::C: 60% ). 

In all seed bank samples from both plots A and Bas many 
as 75% of species and 80% of seedlings appeared in the 
first year of observation, I 0- 15% in the second and 5% in 
the third year. On the whole, in both cases species with high 
light requirements dominated the seed bank; they consti
tuted ca. 60% of all species (in A and B) and seedlings (in 
A). The contribution of those to the seed hank was also 
higher than to the herb layer in both plots (Fig. 2). Of all 
species or genera found, herbs dominated the seed bank. 
The seed bank in both plots turned out to he dominated 
(about 60%) by species with low frequency (F~20%) in the 
soil samples. The contribution of frequent species (F ::C: 
60%) did not exceed 20% (Fig. 3). 

In plot A 3093 seedlings emerged in all samples over 
three growing seasons ( l 289/m2). Of the 76 species of 
vascular plants found in all samples from plot A, three were 
trees (two Betula spp. and Carpinus betulus) and two were 
shrubs (Rubus spp.). The tree and shrub species constituted 
only ca. 6% of the total number of seedlings. In plot B, in 
all soil samples 918 seedlings emerged (383/m2), thus ca. 
three times less than in plot A. The total number of species 
also turned out to he smaller in the samples taken in B (56) 
as compared to A. The same trees and shrubs as in the seed 
bank in A were found in the seed bank in B. The seedlings 
of Salix spp., that emerged as well, probably came from the 
contamination of samples by seeds from willows growing 
near the glasshouse. In the samples from B, the trees and 
shrubs constituted ca. 17% of the total number of seedlings. 

The shading of the forest floor for more than a decade by 
the Carpinus undergrowth and trees in plot B led to a 
significant decrease in the mean number of moderately and 
highly light-demanding species (with L = 3 - 9) in a soil 

sample of 0.1 m2 (p < 0.00 I). The mean number of all 
seedlings emerging from the seed hank decreased signifi
cantly as well, especially of those with moderate to high 
light requirements (p<0.001 ). The number of seedlings of 
shade-tolerant species varied considerably among the soil 
samples from both plots. This variation was strongly influ
enced by the emergence of Urtica dioica, which is also 
visible in the high ( 40%) contribution of shade-tolerant 
species to the total number of seedlings (Table I, Fig. 2). 

Generally, the spatial variation of all seedlings among 
the samples during three growing seasons was consider
able and the coefficient of variation was high in both plots 
(::C:50%). 

Discussion 

Our results show that even in the patches of the Potentil/o 
a/bae-Quercetum, poorer in species due to the hornbeam 
invasion and similar to the shady Tilio-Carpinetum, highly 
light-demanding species constituted more than 60% of the 
seed bank. This confirms the broadly accepted hypothesis 
that the formation of a persistent seed bank is a survival 
strategy typical of species with high demands for light 
(Leck et al. 1989). This study revealed that the invasion by 
Carpinus undergrowth caused a decrease in the number of 
highly light-demanding species in the herb layer, and in 
consequence, the number of those in the seed bank. How
ever, most of the highly light-demanding seed bank species 
were those having been absent from the herb layer for 
many years. In addition, the contribution of the high light
demanders to the seed bank was higher than to the herb 
layer. This suggests that seeds of these species arc probably 
long-persistent in the soil (Thompson et al. 1997). In the 

i 70 
';; 60 
Q) L 

u ~ 50 
~~ 40 
Ul.Q 

o u3 30 
Q)~ 20 
.o·-
E 10 
~ 0 

~ 70 
',ff?. 
~ 60 
U) 

,9,'E 50 
u ro 
~.D 40 
Ul'O 

0 ~ 30 
u3 c: 20 .o·-
E 10 
::::, 
z O 

111A oB 

I] lb • ltJ 
2 3 4 5 
frequency classes 

111A D 8 

~ .[] L 1111:J 
2 3 4 

frequency classes 

Fig. 3. The contribution(%) of species with frequencies: I ( 1-
20% ), 2 (21-40%), 3 (41-60%), 4 (61-80%) and 5 (81-IOOc/c) 
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seed bank in both plots there were also species with moder
ate light requirements, but their contribution was much 
lower than to the herb layer. The results showed that 
diaspores of most highly light-demanding species remain 
viable in the soil as long as for two decades. The study by 
Falin.ska ( 1999) indicated similar longevity of seeds for 
species with a high light demand. 

For the past 30 yr ( 15-20 yr of direct influence of the 
Carpinus saplings and trees on the herb layer) the species 
composition of the seed bank has become much poorer. 
Thus, the lack of recently produced seeds in the soil brought 
about a decrease in the seed bank density (the number of 
seedlings/m 2 about three times smaller) and species rich
ness (the number of all species smaller by ca. 25% and of 
the highly light-demanding ones by ca. 30% ). The negative 
influence of the tree canopy on the size and species rich
ness of the seed bank was proved in many studies focused 
on the seed bank changes during secondary succession 
( e.g. Beatty 1991; Warr ct al. 1994; Kalamees & Zobel 
1998; Leck & Leck 1998; Falin.ska 1999). It should be 
emphasized that the highly light-demanding species found 
in the seed bank in this study are typical of natural oak 
forests with sparse tree stands, and without pioneer species. 
In the landscape changed by man, species spread into 
habitats with a high influx of light where they form com
munities of forest edges, meadows and tall herbs. 

The Bialowieza Primeval Forest used to belong to the 
Polish kings and it used to be exploited as an attractive 
place for game hunting. In the 20th century the area, which 
had never been deforested, became a strict reserve. The fate 
of trees in the protected area depends only on the natural 
dynamics of tree populations and such random events as 
tree-falls caused by wind or snow. The vegetation in this 
region was formed after the last glacial period. The com
munities of the Potentillo alhae-Quercetum originated 5000 
-4000 yr ago, ca. I 000 yr after the shady Tilio-Carpinetum 
had spread into this region (Ralska-Jasiewiczowa & 
Latalowa 1996 ). Therefore, it does not seem possible that 
seeds of the species with high light requirements have 
persisted in the soil for a few thousand years. 
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Abstract. Competitive interactions between plants are fre
quently the determining factor for vegetation patterns within 
terrestrial ecosystems. In resource limited areas belowground 
competition seems to play a dominant role. While most studies 
on this subject use nutrients as the main limiting resource, the 
present study investigated responses of two competing grass 
species ( Carex arenaria, Deschampsiaflexuosa) to changes in 
water availability as a common limiting resource on sandy 
soils. In a mini-rhizotron experiment with a low nitrogen 
content of0.005% (d.w.), relative competition intensities (RCI) 
were investigated. Values of RCI showed two differing phe
nomena: I. Under high water availability D . .flexuosa exhib
ited a reduction in root area by competition, whereas C. 
arenaria was not influenced at all. 2. Under low water avail
ability both species showed a decrease in root area. 

Keywords: Belowground competition; Carex arenaria; 
Deschampsiaflexuosa; Relative competition intensity; Sandy 
soil; Water availability. 

Introduction 

From the viewpoint of nature conservation inland sand 
dunes are among the most valuable ecosystems of Central 
Europe. Although there are descriptive studies of the veg
etation dynamics (e.g. Pott 1992) the ecology of these 
systems and particularly the causal background of plant 
succession in this system are only poorly understood. As 
decisive factor for the transition between single states we 
suggest changes in competitive balances (Tilman 1988, 
1985); therefore it is necessary to determine the competi
tive ability of dominant plants dependent on the abiotic 
factors. Because of the fact that belowground competition 
is the dominant interaction in nutrient-limited habitats 
(Wilson & Tilman 1993), it was essential to investigate 
the consequences of belowground competition. Especially 
the first successional ,tages of inland dunes can be de
scribed as continuously nitrogen-poor open stands with 
patchy distributed densely growing individuals of differ
ent plant species. Further, these ecosystems are character
ized by an alternating water availability and the resource 
water itself seems to be important for the growth of the 
plants (Boorman 1982; Fitter 1997; Onyekwelu 1972; 
Rode 1995; van Rheencn et al. 1995; Watt 1936; Willis & 
Jefferies 1963). Because of the fact that the dynamic 
interactions of root development arc important for the 
competitive balances between plants (Aerts et al. 1989; 

Shipley 1994) we analyzed the influence of water avail
ability on belowground competition of two dominating 
grass species of sandy dry grasslands in Germany. 

Material and Methods 

The species 
For the experiments we used two dominant species of 

these inland dunes with two differing growth forms: Carex 
arenaria (Cyperaceae), sand sedge, is a sympodial rhi
zomatous plant, typical of a variety of mostly nutrient-poor 
habitats including sand dunes and open woodlands 
(Oberdorfer 1994: Pott 1992). The species forms extensive 
perennial rhizome systems, with rhizomes of variable length. 
Desclwmpsia .flexuosa (Poaceae ), wavy hair-grass, is a 
thicket grass with a short rhizome. This plant is also peren
nial and common on sandy soils. Both species are often 
found on inland dunes in northern Germany and arc domi
nant plants on sandy soils. The plant material used in this 
study was propagated from four original plants from both 
species collected in the Senne area near Bielefeld. The 
original material was collected in autumn 1996 and multi
plied clonally in the greenhouse until the start of the experi
ment in July 1997. 

Experimelltal conditions and design 
Belowground competition between C. arenaria and D. 

.flexuosa was experimentally assessed in mini-rhizotrons 
(height: 30 cm, width: 50 cm, depth: 3.5 cm) filled with 
5.25 dm3 pure sand. The length of the experiment was one 
month and we used four replicates. Total nitrogen content 
of the substrate was similar to the field situation ( < 0.0059,; ). 
Experimental plants for the present investigation were 
obtained through vegetative multiplication from one genct 
originating from the inland dunes near Bielefeld (08° 41' 
17" E, 51 ° 55' 04" N). The clonal fragments used consisted 
of one ramct (C. arenaria) and five ramets (D . .flexuosa) 
with a rooted rhizome of I 0cm length and a fresh weight of 
I g. A ramet was defined by one shoot with its attached 
rhizome and roots. Therefore the clonal fragments of the 
two species had the same fresh weight, the same rhizome 
length and represented both a juvenile plant of these spe
cies. For the mixture treatment one clonal fragment of C. 
arenaria and one of D . .flexuosa were planted in a mini
rhizotron. For the monoculture each mini-rhizotron con
tained two clonal fragments of each species. Plants were 
grown under two different water treatments: (I) high 
water: plants were watered every second day up to field 
capacity, and (2) low water: plants were watered up to 
field capacity only once at the beginning of the experi
ment ( I July 1997). Consequently the water availability 
decreased only in the low water treatment and was the 
crucial resource for plant growth different to the high 
water treatment. The mini-rhizotrons were kept in a growth 
chamber under an angle of 30° so that roots could hit the 
glass wall. The plants grew under the following conditions: 
temperature: day 20°C and night l 5°C; dewpoint of the air: 
day l 2°C and night l 2°C; light intensity ( 12 h/day): 550± 
50 µmo! PAR m-2 s- 1. Root growth was analyzed every third 
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day by means of image analysis with the software Adobe 
Photoshop™ 3.0 (Adobe Systems. Inc .. 1994. USA.). For 
this purpose the root system was photographed at a dis
tance of 50 cm with a piece of a graph paper fixed at the 
glass disk of the mini-rhizotron. All roots of a plant and 
therefore summarized root length values from the resulting 
digital images were expressed in cm relative to the grid of 
the attached graph paper. The different colours of roots of 
C. arenaria (white) and D . .flexuosa (brown) made it easy 
to distinguish the roots of the two species. The measurement 
of total root length of harvested plants showed no signifi
cant difference compared to root length measured by means 
of image analysis from photos taken immediately before 
harvesting. Apart from determining total root length by 
means of a scanner (Scan Jet Hex, Hewlett Packard. USA) 
and a root analysing program (DIAS, Delta-T Devices 
LTD, England), the above- and bclowground biomass of 
harvested plants was measured. 

Data analysis and statistical design 
The relative competition intensities were calculated by 

the following equation (Goldberg & Scheiner 1993; Grace 
1995): 

RC! = P11_oNo - Pwx 
PttO.\'O 

(I) 

Where P MONO represents the average root length of two 
plants in the control and P MIX represents the root length of 
a plant in competition (e.g. Grace 1995). In the control we 
used therefore a treatment without intraspccific competi
tion and in the competition treatment the plants arc sub
jected to interspecific competition. Statistical analysis was 
carried out with STATISTICA for Windows (Version 5.0, 
StatSoft, Tulsa, USA). Differences between the treatments 
were tested with a two way ANOVA. with factors: control 
vs. competition and water level. For results with significant 
effects we used the LSD (least significant differences) 
post-hoc comparison (Day & Quinn 1989; Ki5hlcr ct al. 
1992). 

Results 

Root area 
Under sufficient water availability, the root growth of 

Carex arenaria was not influenced through competition 
(Fig. I a). Deschampsia flexuosa showed a tendency to
wards reduction of the root area under competition and 
sufficient water availability (Fig. I b). In the water shortage 
treatment a highly significant (p < 0.001, ANOVA: F = 
3.99, LSD-test) reduction of the root area of C. arenaria in 
the competition treatment to ca. 509' of the value in com
parison to the control could be detected at the end of the 
experiment (Fig. I a). The root area of D. fle.rnosa over the 
overall represented time was influenced under competition 
(Fig. I b ). In both species the water shortage itself in the 
control and in the competition caused a considerable and 
significant reduction of the root area (p < 0.05. AN OVA: F 
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Fig. 1. Root area of Carex arenaria (a) and Deschampsia 
flexuosa (b) under low and high water availability as well as in 
competition. Significant differences between plants of C. 
arenaria grown in control/competition are shown by stars: 
*** = p<0.001: ** =p<0.01; * =p<0.05; ANOVA, LSD-test. 

= 8.35. LSD-test). The root area in the water shortage 
treatment was reduced to ca. one third of the value of plants 
with daily water-offering at the end of the experiment after 
30 days in C. arenaria and D. flexuosa. The differences in 
the measured root-parameters itself could be explained 
through the species (p < 0.00 I; F = 11.02, ANOVA) and the 
water shortage (p < 0.00 I; F= 21.34. ANOVA). 

Re/atil'e competition intensity 
Based on the observed changes in root length the relative 

competition intensities (RCI) were calculated to compare 
the standardized level of competition for the two species 
under study. The low RC! under high water availability 
(plants watered daily) showed that C. arenaria did not 
experience any competition in the treatment with sufficient 
water (Fig. 2), while the average RCI of C. arenaria under 
water shortage increased and reached a value of 0.78. D. 
flexuosa experienced already at sufficient water supply 
competition with an RCI of 0.51. This value increases 
under water-shortage up to 0.92. However, the water 
shortage tightened the competition of C. arenaria and led 
to a significant reduction of root area (Fig. I). 
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arenaria (left) and Deschampsia .flexuosa 
(right) over the presented time of 30 days. 
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Discussion 

With the help of mini-rhizotron experiments we could 
detect belowground competition between Deschampsia 
.flexuosa and Carex arenaria under nutrient-limited condi
tions (e.g. Tilman 1988). The factor water had a consider
able influence on the outcome of competition between D. 
.flexuosa and C. arenaria. D . .flexuosa showed in competi
tion under high and low water availability a slightly re
duced root growth, while root growth in C. arenaria was 
reduced only under low water availability. This shows that 
the intraspecific competition from other C. arenaria (under 
well watered conditions) is stronger than that of D . .flexuosa, 
and does not mean any facilitation. Therefore in watered C. 
arenaria the RCI value is negative, because it compares 
inter- and intraspecific competition. A comparison of the 
relative competition intensities showed that the relative 
competition intensity under water shortage in both species 
ascends. Moreover roots of C. arenaria show a reduced 
permeability under drought conditions which reduces the 
ability to acquire resources (Robards et al. 1979) whereas 
D . .flexuosa will be able to acquire resources with its fine 
roots under both wet and dry conditions. So we assume that 
under drought conditions both species are very sensitive to 
root competition and that C. arenaria should be the supe
rior competitor at high water supply, but the inferior com
petitor after a period of drought. 
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Abstract. In several semi-arid and arid regions of Namibia, 
communal pastoralists own large numbers of livestock. Such 
situations are commonly perceived to lead to the 'tragedy of 
the commons'. We compared the effects of communal and 
commercial ranching (with private land ownership) on adjoin
ing ranches in a semi-arid and in an arid region. In spite of far 
higher stocking densities on the communal areas and the 
absence of an overall grazing strategy in the arid region. we 
found no difference in productivity between communal and 
commeKial ranches. In contrast, severe bush encroachment 
and reduced perennial plant diversity and grass production 
occurred in the communal ranches of the semi-arid region. in 
spite of central control of stocking. These results point both to 
the resilience of arid environments to high stocking levels and 
the over-riding influence of abiotic variables on environmen
tal quality in the arid environment. 

Keywords: Land degradation: Pastoralism; Soil organic car
bon; Desert; Grazing. 

Introduction 

It is widely believed that overgrazing and other human 
impacts on the environment in communal ranches arc 
greater than in commercially ranched areas in Africa (Archer 
ct al., 1989, Behnke & Abe I 1996 ). This is largely due to the 
fact that communal areas are not individually owned and 
may have poor management strategies. Communal owner
ship is frequently assumed to lead to the 'tragedy of the 
commons·, i.e. land that is not privately owned (known as 
a ·common' in England) ultimately deteriorates because 
nobody looks after land they are not personally responsible 
for (Hardin 1968). However, a number of recent studies 
have shown that this is not always the case (e.g. Ellis & 
Swift 1988; Archer et al. 1989; Scoones 1993; Tapson 
1993 ). These last-mentioned studies show that stochastic 
environmental variation (e.g. in rainfall) may over-ride 
or mask the impacts of pastoralism on the vcget,,•_;on in 
semi-arid and arid regions. Moreover, comni·,,1al pasto
ralism in many areas is under the cor ,.-ol of village 
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committees or elders (Tapson 1993 ). and thus there is some 
management of stock in spite of an absence of individual 
ownership of land. 

In the light of this revised opinion on the effects of 
communal pastoralism on African rangelands. we set out to 
determine some of the impacts of communal and commer
cial (= privately-owned and fenced) rangelands in semi
arid and arid central Namibia. We chose two areas for this 
study: 

I. Okondjatu: A preliminary study of the likely impacts 
of desertification on Namibia indicated that the semi-arid 
(350 - 450 mm annual rainfall) former Hercro land in 
north-east Namibia was one of the areas most likely to 
suffer heavy impacts of desertification (Aharoni & Ward 
1997) due to high human and livestock population densi
ties. Near Okondjatu, a commercial ranch (Winkelhaak) 
owned by a single rancher is bordered on three sides by 
communal ranching area. Stocking rate on the commer
cial ranch is about half that of the communal areas. The 
communal areas in the erstwhile Hcreroland (now known 
as Otjozondjupa region) have central control of the number 
of ranchers per region and watcrpoint use by village 
headmen. 

2. Otjimbing\\'e: Stocking rates in the arid Otjimbingwe 
region ( 150 - 250 mm annual rainfall) of central-west Na
mibia arc extremely high. In the dry season. the area 
appears almost completely devoid of grass. as a result of 
heavy grazing. Furthermore, there has been a change in 
stock type at Otjimbingwe from predominantly cattle in the 
1850s to mostly (75'7,) goats today (Ward et al. 1998). This 
suggested to us that grazing productivity may have de
clined over the last 150 yr to the extent that large grazers 
such as cattle can no longer be maintained on the land. 
There is no central management of grazing areas at 
Otjirnbingwc (Ward ct al. 2000). Hence. we might expect 
more of an effect of the 'tragedy of the commons· in 
Otjirnbingwc than in Okondjatu. 

Methods 

Stucfr areas 
Oko11djat11: With an average annual rainfall of 349.5 mm 
(coefficient of variation= 39.0o/r ). the Okondjatu area (20° 
58' S, 18° 13' E) falls in the thornbush savanna zone (Yan 
der Merwe 1983 ). The main tree species arc Acacio erioloba, 
A. mellifem, A. reficiens. Dichrostachrs cinerea. Ter111i11a/ia 
sericeo and Grell'io flo\'(/. This region is a large plain on 
Kalahari sands. The communal area has an unfenced interior 
which makes the regulation of grazing areas difficult. Live
stock numbers arc high (currently 13.25 ha per large stock 
unit~ where a large stock unit (LSU) is the equivalent of a 
450 kg cow). In contrast. Winkelhaak commercial ranch 
(5764 ha) has a lower stocking density (22.30 ha/LSU) 
with fenced interior, and stock rotation camps. We re
corded vegetation and soi I parameters at I 00. 200, 300. 500 
and I 000 rn from each of three water points along three 
transect lines (see Ward ct al. 1998 and Ward & Ngairorue 
2000 for sampling design) on communal and commercial 
areas. Each water point is ca. 2 km apart. 
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Otjimhing1re: With an average annual rainfall of 165.4 mm 
(coefficient of variation = 69.4%). the Otjimbingwe area 
(22° 22' S. 16° 07' E) falls in the desert transition zone 
known as the Pro-Namib (Van der Merwc 1983). The soils 
arc sandy and are vegetated with Acacio tortilis. Acocio 
reficiens. Boscio alhitnmca and Schotia afi·a. The un
fenced interior makes the regulation of grazing areas diffi
cult. Livestock numbers arc high (currently 18.99 ha/LSU). 
We compared the communal areas of Otjimbingwe with 
four of the surrounding commercial ranches (Tsaohis, Neu 
Schwahcn. Okomitundu and Davetsaub) have lower stock
ing densities ( 40 - 378 ha/LSU) with fenced interiors, and 
stock rotation camps. We compared two regions of each 
commercial ranch with two adjacent regions of the com
munal area of Otjimhingwc (Ward ct al. 1998). 

Parameters sampled 
If there is scriou, degradation of soil nutrients, then 

vegetation should n()t recover after rains. Thus, wet season 
grass measurements should prove more important than dry 
season measurements in differentiating between degraded 
and non-degraded areas. We also examined several param
eters of soil quality which may be a reliable indicator of 
long-term degradation of the environment due to a particu
lar management practice because it reflects the ability of 
the environment to sustain vegetation for any given rainfall 
(sec e.g. Mokwunyc 1996). 

I. Plant sampling: We measured grass height using a 
point-frequency frame (Mucller-Dombois & Ellenberg, 
1974 ). and perennial plant diversity using 250 m long 
point-centered quarter transects at Okondjatu and the log
series survey method of McAuliffc ( 1991) at Otjimbingwe. 
Sec Ward ct al. ( 1998) for further details of sampling 
methods. 

2. Soil parameters: Soil organic carbon is a good meas
ure of overall soil quality (Foth & Turk 1972; Mokwunyc 

1996). Organic matter is frequently highly positively cor
related with two of the most important soil nutrients, nitro
gen and phosphorus, in many African soils (Ward ct al. 
1998). Total nitrogen. total phosphorus and water-holding 
capacity were measured using standard techniques. We 
also used the dry mass of radish plants (Rapha1111s satirns) 
after 30 days of growth in pots as a bioassay of soil 
nutrients. Sec Ward et al. ( 1998) for further details of 
sampling methods. 

Univariate statistical tests on soil and vegetation param
eters reported here were Nested ANOVA, with the number 
of replicates equal to the number of transects (woody 
vegetation parameters). the number of times a point-fre
quency frame was placed on the vegetation (grass param
eters). and the number of soil samples. 

Results 

Grass height 
Oko11cljat11: There was a highly significant difference in 

grass height between commercial and communal areas in 
both the wet season ( F = 36.862, P < 0.00 I. error d.f. = 88) 
and dry season (F = 54. 160, P < 0.()0 I. error d.f. = 88) of 
1997 (Table I). There was no significant difference in grass 
species richness between communal and commercial areas 
(F = 0.957. P = 0.342. error d.f. = 88) (Table I). 

Otji111bing1i·e: In the dry period of September 1997, mean 
grass height on the commercial ranches surrounding 
Otjimbingwc was significantly greater than on the commu
nal areas (Table I). In the subsequent wet season (February 
1998), mean grass height on the four commercial ranches 
surrounding Otjimbingwc was not significantly different 
from that of the communal areas of Otjimhingwc (Ward et 
al. 1998) indicating that degradation is not occurring be
cause the grass recovers from heavy dry season grazing. 

WINKELHAAK PRINCIPAL COMPONENTS ANALYSIS 
300,-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, 

Fig. I. Principal Components Analysis 
plot of centroids of perennial plant com
munities on communal and commer
cial ranches at Okondjatu. Cumulative 
'X of variance explained by PC axes I 
and 2 = 43.4'7r. Note that the commer
cial sites fall on the upper right half of 
this plot and the communal sites on the 
lower left. The two species with the 
highest component loadings on PC I 
were Arncia mellif'era (positive load
ing) and Gre1ria .flarn (positive load
ing). while the two species with the 
highest loading on PC2 were Acacia 
reficiens (positive loading) and Dichro
stachn cinerea (negative loading). All 
four of these species arc commonly re
corded as hush cncroachcrs. 
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Otjimhingwc OkonJjatu 

ParameteP, Communal Commercial Communal Commercial 

Table 1. Vegetation and soil parameters in 
communal and commercial ranches at 
Otjimbingwc and Okondjatu. Species diver
sity (= Shannon-Wiener index) and species 
richness values for Okondjatu arc per 50 m 
transect. Woody cover in Otjimbingwe is '7r 
cover and Okondjatu no. ofindividuals/m2. Val
ues are means± I S.E. *=significant difference 
(JI< 0.05) between commercial and communal 
ranches. For statistical tests of Otjimbingwc 
comparisons. sec Ward ct al. ( 1998). 

Gras:-. height (cm) wet season 13.3 ± 1.-l 10.-1± 1.6 16.0 ± 1.7 37.1 ± 3.-l' 
Grass height (cm) dry :-.ea:-.on 9.8 ± 0.9 21.0 ± I.I" 11.6 + 1.-1 32.5 + 2.5 
Grass species richnc'.-.:-, not sampled not sampled 3.07 ± 0.21 3.60 ± 0.29 
Woody :-.pccics richne-.;:-. 3.7 ±1.2 4.1 ±0.6 3.-1±0.-1 4.5 ± 0.2'' 
Woody :-.pecies di\'cr:,ity 0.82 ± 0.09 0.86 ±0.14 0.63 ± 0.13 1.015 ±0.11 
Woody co,cr IU±3.3 11.8±.'-> lU±O.I 0.3 ±0.1 
Organic carbon (<);.) 0.61 ± 0.07 0.57 ± ll.06 UI ±0.29 0.63 ± 0. IO" 
Nitrogen (ppm) 386.35 ± 33. 74 329.60 ± 18 79 not samplcJ not sampled 
Phosphorus (ppm) 9.10±0.59 9.67 ± 0.53 not sampled not samplcJ 
Water holding capacity (r/, I not sampled not sampled 6.05 ± 0.98 2.80± ll.39': 
Bioassa)' (g) 

Pere1111ial plant dii·ersity 
Oko11djutu: Woody plant density did not differ signifi

cantly between communal and commercial areas (F = 
0.003, P = 0.960, error d.f. = 48 ). There was a significantly 
higher woody plant species richness (F = 5.271. P = 0.029. 
error d.f. = 48) and diversity (F = 5.151, P = 0.031, error 
dJ. = 48) on the commercial areas than on the communal 
areas (Table I). There was also a difference between com
mercial and communal areas in vegetation community 
structure (Fig. I). 

Otji111hi11gll'e: There was no significant difference in per
centage plant cover. species richness. or species diversity 
of perennial plants between communal and commercial 
areas (Table I, Ward ct al. 1998). We also found no signifi
cant difference between commercial and communal ranches 
in vegetation community structure using dctrended corre
spondence analysis (Ward ct al. 1998 ). 

Soil 
Oko11djatu: There was a significant difference in per

centage organic carbon (F = 4.900. P = 0.035. error d.f. = 
28) and water-holding capacity (F = 9.454, P = 0.005. error 
d.f. =28) between communal and commercial areas. These 
results could he due to the higher level of defecation around 
watcrpoints in the communal areas caused by higher 
stocking rates. This is suggested by the negative correla
tion between o/,- organic carbon and distance from the water 
point (range of r = - 0.70 - - 0.99). There was no significant 
difference in total dry mass of radish plants (bioassay) 
between the communal and commercial areas (F = 0.128. 
P = 0.723. error d.f. = 28: Table I). 

We performed a multiple regression analysis to deter
mine whether there was a significant effect of soil quality 
(parameters as recorded above) on the l'irst and second 
principal components in the principal components analysis 
of vegetation community structure. We found no signifi
cant correlation between either PC I or PC2 and all three 
soil parameters we measured (PC I: F = 1.384. P = 0.446. 
error d.f. = 4: PC2: F = 0.485, P = 0.727, error d.f. = 4). 

Otji111bi11gwe: There was no significant difference in 
percentage organic carbon. total nitrogen. total phospho
rus. water-holding capacity or in total dry mass of radish 
plants (hioassay) between Otjimhingwe and the four com
mercial ranches (Table I; Ward ct al. 1998 ). 

088±0.14 0.77 ± O.lo 0 28 ± O.D4 0.26 ± 0.04 

Discussion 

We found that the commercial ranch Winkclhaak dif
fered from the surrounding communal areas at Okondjatu 
in most vegetation parameters and several soil parameters 
(Table I. Fig. I). It is clear that heavy stocking in the 
communal areas has led to bush encroachment and domi
nance hy Acacia mel/ifera, A. reficie11s and Dichroswchrs 
cinerea. This increase in dominance has led to a decline in 
perennial species diversity. Bush encroachment occurs as a 
result of overgrazing: grass and trees are in competition. 
and the grass is usually dominant on account of its ability to 
more efficiently sequester resources (water and soil nutri
ents) at the soil surface than the trees. Moreover. few 
rainfall events are of sufficient magnitude to facilitate 
recruitment (germination+ survival) of trees in these semi
arid environments. When overgrazing occurs. the grass is 
removed and soil resources are freed up for the trees. Once 
sufficient rain falls, trees can recruit e11 nwsse. Up to 65% 
of northern semi-arid Namibia may suffer from this prob
lem (Quan ct al. 1994 ). In Namibia. these hush-encroach
ing tree species are well-protected hy thorns and arc mostly 
inaccessible to cattle. Thus. productivity of the hush-en
croached communal regions of Okondjatu is lower than 
that of the commercial ranch.Winkelhaak. both because of 
lower grass availability and increased hush density. Thus, 
in spite of central control of stocking in the communal 
areas of the former Hercroland (Otjozondjupa), we re
corded negative effects of the heavy stocking (which is 
twice that of the commercial ranch). It is worth noting that 
the commercial ranch studied here also shows signs of 
heavy grazing and is hush encroached in parts. 

In contrast to the results from semi-arid Okondjatu. we 
found few differences in long-term impacts on the environ
ment between the communal and commercial ranches near 
arid Otjimhingwe (e.g. Table I). The major difference 
between sites at Otjimhingwc was that the communal area 
had less grass than the commercial ranches in the dry 
season of 1997 (Table I). This result indicates a negative 
short-term effect of the higher stocking rate in the commu
nal areas. The lower stocking rates of the commercial 
ranchers may benefit them in that they have more grass per 
animal for longer into the dry season than the communal 
ranchers. However. the vegetation and soil quality have not 
declined as a result of the heavier grazing on the communal 



348 Ward, D. et al. 

areas because wet season grass productivity is the same in 
communal and commercial areas of Otjimbingwe. 

While our results indicate that there is very little differ
ence between commercial and communal ranches at 
Otjimbingwe. this should not be taken to mean that no 
degradation of land has occurred. In another study we have 
shown that water points on the communal areas of 
Otjimbingwc that have been in use for at least 150 yr 
display lower vegetation productivity and lower soil qual
ity than those that have only been in use for 5- IO yr (Ward 
& Ngairorue 2000; Ward ct al. in press). Therefore, we do 
not exclude the possibility that slow, long-term degrada
tion has occurred on both commercial and communal 
ranches at Otjimbingwe. If this is indeed the case, the lack 
of difference between commercial and communal areas 
indicates that there is no linear relationship between stock
ing rate and impact on soils and vegetation. Rather, it 
would appear that there may be a threshold effect. 

The differences in the effects of communal pastoralism 
on the environment between Otjimbingwe (arid, not cen
trally managed) and Okondjatu (semi-arid, centrally con
trolled) are contrary to our expectation based on type of 
management. We believe that the high inherent variability 
in rainfall tends to mask the relatively smaller impacts of 
pastoralism in arid regions such as Otjimbingwe (see also 
O'Connor 1985; Venter ct al. 1989; Milchunas et al. 1989; 
Parsons et al. 1997), In contrast, in semi-arid regions such 
as at Okondjatu, there is sufficient (and reliable) rainfall to 
allow large-scale tree establishment and bush encroach
ment following heavy grazing. Hence, greater efforts should 
be expended in producing more effective stock manage
ment strategics in semi-arid regions rather than in arid 
regions of Namibia (see also Aharoni & Ward 1997). 
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Abstract. In order to study mechanisms of forest community 
integration, the concept of phytocoenotic intensity (PHI) was 
introduced. PHI reflects the transformation of ecological con
ditions by surrounding plants at a given point of space and 
time and can be estimated via canopy parameters for any point 
of the forest community. The estimation of the influence of 
this intensity upon a given point can be calculated on the basis 
of a hypothesis about the additive character of the superpositions 
of the individual phytogenic tree fields. 

Plots in different forests were chosen in areas with compara
ble soil regimes but with different stages of post-fire regenera
tion and with varying structure. In each plots coordinates and 
some parameters of trees, recruitment and ground cover were 
recorded. Data were analysed with the help of the author's 
programs. 

The functioning of the of the Pi nus srfrestris forest rich in 
lichens and the feathermoss Pleuro:i11111 schreheri is depend
ent upon plural interactions between its components. These 
interactions have different intensity and take place on different 
levels of community organisation. The main part of these 
interactions is comparatively weak. Nevertheless. PHI. caused 
by the surrounding trees, is very important for community 
formation. This intensity regulates the formation of a stand 
mostly: besides, PHI can influence other layers of a forest 
community through the canopy changes. 

Keywords: Canopy: Phytocoenotic field: Phytogenic field: 
Pinus s,frestris: Plant interaction; Russian Karelia. 

Introduction 

One important line in modern vegetation science is the 
study of structure and functioning of plant communities, 
particularly, the main components of forest communities 
and internal interactions between them. Internal interac
tions, notably interference between individuals, is impor
tant for the dynamics of plant populations and communi
ties, because formation, growth and reproduction of plants 
are strongly dependent on the parameters of the surround
ing individuals (Harper 1977; Weiner 1982; Peterson & 
Squiers 1995). Effects of neighbour influence, leading to 
the reduction of growth rate. changes in morphogenesis 
and reduction of reproductive potential, are usually treated 
as competition which is one of the possible interference 
types (Weiner 1982). However, when it is necessary to 
describe interactions correctly, the terms 'competition· and 
'interference' are not convenient enough because (I) they 
combine both influence (cause) and effect (result) and. (2) 
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they refer to processes not limited in time. 
The main influences of individuals upon other individu

als take place through the transformation of environmental 
conditions (lpatov & Kirikova 1997). In the usual Russian 
terminology, the part of environmental space, which is 
changed by a selected plant individual. is called 'phy
togenic field' (Uranov 1965). Since the degree of environ
mental transformation may be different. we may speak of 
the intensity of this field which characterizes the intensity 
of an individual influence (Yastrcbov 1996). Aggregates of 
several individual 'fields', including the space of their 
superposition, in the community gives birth to a resulting 
'phytocoenotic field' which can be characterized via its 
intensity (PHI). The latter reflects the transformation of 
ecological conditions by surrounding plants at a given 
point of space (x;, _\';, ::) and time U). 

The direct estimation of phytocoenotic intensity in real 
communities seems to be impossible, because transforma
tion of some ecological factors are very difficult to meas
ure. But, obviously, transformation of complex ecological 
conditions is dependent on number, size, and distribution 
of individuals in space (Yastrebov & Posnanskaya 1993; 
Yastrebov 1996: Weiner 1984: Pendrige & Walker 1986). 
Therefore, indices including these parameters can be used 
to characterize phytocoenotic intensity in communities 
(stands) indirectly and may be used for the construction of 
the appropriate models. The main problem with this esti
mation is a basic size character. It is justified that. when 
large bodies of data are collected, the emphasis is on 
characters, which are simple to measure. For example. the 
diameter of a trunk (DBH). which is usually used in the 
analysis of a competition in stands, is very simple for 
measurement. But it is also closely related to several other 
characters of a tree (e.g. Usoltsev 1985; Yastrebov 1988: 
lpatov & Kyrikova 1997 ). 

As was shown by Yastrebov ( 1996) for the Karelian 
Pinus srlvestris forest under study. a type with lichens and 
the feathermoss Pleuro:ium schreberi. the phytogcnic field 
of a pine tree is formed mostly due to transformation of 
light conditions by the crown. According to Ford & Digglc 
( 1981) and Dai ( 1996), the photosynthetically active radia
tion is one of the most limited resources in forest ecosys
tem, and the light amount. accessible for a tree, is deter
mined by the spatial arrangement of surrounding crowns. 
Therefore, transformation of light conditions is one of the 
main components of phytocoenotic intensity in a forest. 
So, we tried to include the crown parameters in the index of 
phytocoenotic intensity for the forests stands formed by 
'light-demanding' species such as P sylrestris and some 
other tree species. 

One of the most interesting problems is that of a charac
ter of cumulative influence in a stand, or. in other words, 
the interference of phytogenic fields created by different 
individuals. In our opinion, the given question requires 
special research, but in this case we use the assumptions of 
Yastrebov (1996). which confirmed that the pine canopy 
influence upon any other clement of the community has an 
additive character. 

In order to study the role of the phytocoenotic factor in 
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Fig. 1. Estimation of phytocoenotic intensity for the point i. (a) 
Profile: estimation of the angular part of closed celestial 
sphere through the ring zone with the step a. (b) Plane: 
estimation of this angular part for one ring zone. 

forest organisation we tried to develop an index of 
phytocoenotic intensity, taking into consideration the ques
tions marked above. 

Material and Methods 

Data were collected in natural Pinu.1· syll'estris forests in 
Russian Karelia rich in lichens and the fcathermoss 
Pleuro::ium schreberi. In the summers of 1994 - 1998. 23 
experimental plots (30 m x 30m in size) were studied. The 
plots were chosen in forests with comparable bedrock and 
soil ( tluvioglacial sands) hut representing different stages 
or post-fire regeneration and different variants of stand 
structure. In the plots coordinates of trees and saplings 
(Pi1111s individuals > 0.2 m hut < 3 m in height) were 
recorded. To consider the influence of the environment, we 
also measured coordinates and DBH (diameter at breast 
height equal to 1.3 m) of trees within the 8 m margin around 
the plot. For each tree inside the plot the values of DBH, 
height. and horizontal and vertical crown projections (the 
last was determined in a direction of the greatest crown 

asymmetry) were measured. Tree age was estimated with 
the help of an increment borer. In order to take into account 
the complexity of a real crown and calculate its sizes, we 
have accepted such assumptions: horizontal projection is a 
polygon and vertical projection can be measured as a 
relative length of branches on the whole crown extent. 
Thus, any crown in space may be assumed as a series of 
rectangular prisms. Based upon these assumptions, it is 
possible to calculate the crown volume and the area of its 
projection at any height. Standard statistical tests were 
performed with the help of SPSS 8.0, STATISTICA 5.0. 
For calculation of indices or phytocoenotic intensity, pa
rameters of crowns, etc., a special program was devel
oped by the author in DELPHI 4.0. 

Results and Discussion 

Calculation of' indices of'phytocoenotic intensity 
In order to study structure and functioning of forest 

community it is necessary to develop an index which 
allows to give its clear spatial interpretation, describes the 
transformation of light conditions, allows us to reveal the 
joint influence of the surrounding canopy, and also proves 
the distance Distlim' beyond which the influence of the 
surrounding individuals is negligible. The essential prop
erty of such an index should he a possibility of its calcula
tion for any point of the community space. The developed 
algorithm of calculation of phytococnotic intensity index is 
given below. 

An approximate estimation of the influence of the sur
rounding canopy upon the crown of an individual is an 
angular part of the celestial sphere. closed hy the canopy. 
Using the sizes of surrounding crowns and their spatial 
coordinates, it is possible to calculate this part for any point 
of community space, estimating it for ring zones of celes
tial sphere successively (Fig. I B ). 

At first, we can estimate the part of the closed sky for 
some tree i in a stand. As all points of the crown space, 
except for its top (apex). are shaded by some other parts of 
this very crown, the surrounding canopy influence may be 
correctly estimated for the top of the tree i (we shall name 
it H) only. Otherwise, at an estimation of phytococnotic 
intensity for any other point of the crown, such an influence 
will be obviously deformed because of self-shading. As the 
light flow is a vector, directed downwards, it is necessary to 
value the part of the closed celestial sphere through the ring 
zones located not lower than H1• So we estimate this angu
lar part for some ring zone of celestial sphere up from the 
level of H

1
, and set up the proper angle a (Fig. I A). We 

choose any tree k of the environment, which is separated 
from the tree i by a distance Dist1k (less than Distli

111
). The 

approximate angular size ( w1") of the k-trce 's crown at 
given a is calculated like this: 

R, 
(J) = 2arctg ---------,n (Dist;, /cos(a)) 

(I) 
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where R,; is an average radius of the k-tree ·s crown on 
height level j. This level follows from: 

H,i = H; + Dist;, · tg(a. ); (2) 

As we stated above. the total phytocoenotic field is formed 
as a result of aggregation of individual phytogcnic fields 
Here it is necessary to determine the character of 
superposition of the individual phytogcnic fields. Accord
ing to Yastrebov ( 1996). the pine canopy influence upon 
any other clement of the community possesses an additive 
character. Then. for a given zone of the celestial sphere. the 
main component of phytocoenotic intensity in point Hi. 
representing the surrounding canopy inllucncc. will be the 
following: 

. v 

(j)ia= Iw,.C(: (3) 

IC=I 

where N is a total number of surrounding trees. If we sum 
wia for all ring zones of the celestial sphere with a step a. 
we arrive at: 

90 

(0. =' OJ . I .L-J /{X • (4) 
a=I 

where a varies from 0° up to 90°. Our calcu)ations were 
made with a step of 15°. If we assume some other value of 
a. then. to have the results comparable. wi must be weighted 
through a division by a number of steps. The resulting 
parameter W; reflects the total part of the celestial sphere 
closed by the surrounding canopy. without the account of 
the crown overlap (below we shall use "PHI' for · wi· ). 

Emltwtio11 of' u limiting distunce .f<1r the i11clusio11 of' .rnr
rou11di11g trees 

The essential methodical problem of usage of the most 
applied indices of phytocoenotic intensity is that of a 
selection of limiting distance Disttin,· The dependence of 
the angular size of different crowns upon the distance is 
characterized by the fast asymptotic decrease. Besides. as 
follows from Eq. 2. H,jgrows linearly with the increase of 
distance from a tree to a given point i and a> 0. exceeding 
the heights of the majority of trees after some distance is 
reached. Hence. the probability of inclusion of the crown's 
angular sizes of removed trees in the resulting index of 
phytocoenotic intensity is very low. Therefore, there is 
some distance Distli

111 
which corresponds to the saturation 

of the index PHI, i.e. the index. calculated at Dist/in,· and 
Dist/in,+ L1 will not differ statistically. The evaluation of the 
most useful Dist1i,,, values was carried out on the basis of 
the similarity analysis of distribution of PHI frequencies, 
calculated for a series of Disttin,: 2.5 - 20 m. With this 
purpose I 00 abstract points were located regularly on each 
sample plot on different heights. The PHI was calculated 
for each point as a series of Dist/in,· The t-critcrion of 
Student was chosen for an estimation of the reliability of 
distinction of distribution rows (the analysis was carried 
out at a significance level 0.05). The change of t-critcrion 

of Student with an increase of Dist/in, depends on the height 
of the estimated point. For the set of pair comparison of 
distribution rows with Dist/in, from 2.5 to 7.5 m. all the rows 
differ significantly. With a further increase of Di.,t1in,· the!
criterion value is reduced. coming nearer to the table val
ues. At a comparison of the distributions obtained for 
values of Dist/in, from 7.5 - 15 m. the differences are not 
significant. So. for the high trees it is possible to estimate 
PHI with the Dist/in, equal to 7.5 m, but the Dist/in, for 
saplings cannot be less than 15 m. especially when study
ing different-aged tree populations. However. in order to 
obtain comparable results for all cases it is necessary to 
select one common distance. Thus. the minimal distance 
Distlim· for which PHI is practically saturated in all cases, 
may be chosen as a value of 15 m. The latter was used for 
further calculations of indices of phytocoenotic intensity . 

Estimati1111 o( PHI\ role i11 frm11utio11 o( pi11e trees i11 a 
sta11d 

The next step was the estimation of a tree ·s reaction on 
the phytococnotic intensity. for which an index was devel
oped. Obviously such an index is differently reflected by 
different characters. Therefore. in order to estimate the 
response to this influence sufficiently. it is necessary to 
choose characters which reflect the general state of an 
individual most thoroughly. Particularly. they must possess 
high information content, i.e. high loadings on the main 
axes of a Principal Components Analysis (Zlobin 1984 ). 
Such characters are crown volume (factor loading on the 
first PCA-axis = +0.937 ), radius of a crown projection 
( +0.912), tree height ( +0.920), and diameter of the trunk 
( +O. 906 ). Somewhat smaller factor loadings were revealed 
for average growth rate (AGR). The lowest information 
content was revealed for crown height extension ( +O. 736 ). 

According to the results of a one-way ANOVA. PHI 
significantly influences all tree characters indicated above. 
The dependence of the characters upon the value of index 
PHI appears to be monotonous. but non-linear. The non
linearity of the dependences docs not allow us to estimate 
the correlations with the help of the Pearson coefficient 
correctly. Therefore. in order to linearize the dependences. 
we took the logarithms from the characters and estimated 
the correlations for them (Table I). The strongest 
dependences upon index PHI (-0.66 to -0.73) were re
vealed for such characters as radius of crown projection, 

Table I. Coefficients of correlation between index of PHI, age 
of individuals. and some tree characters. All factors arc signifi
cant at the 0.05 level. 

Character PHI Tree age 

Age - 0.-12 
Tree height - 0.73 0.71 
DBH - 0 . .\8 ()71 
Crown c.xtcnsion -0.66 (UI 
Radius of crown projection - 0.70 0.52 
AGR1hcight1 -0.66 0.13 
AGRiDBHJ -(U8 0.20 
Cnl\\'ll ,olumc -0.71 0.52 
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crown volume, crown extension, AGR and tree height 
(we used logarithms for all characters). The correlations 
with AGR (DBH) and DBH were not very high (-0.38 to 
-0.48 ). The correlation of index PHI with the individual's 
age is significant and fairly strong (-0.42). Probably, it is a 
consequence of the increase of the proportion of trees, 
which occupy the part of a canopy space with more favour
able light conditions in the course of the development of 
the stand. 

Thus. one and the same PHI value is unequally reflected 
by different characters of pine trees. It is conditioned by 
features of PHI and tree characters. Because the stem is 
formed as a result of constant xylem growth, this process is 
irreversible. Therefore, trunk volume, basal area section 
and DBH are cumulative characters. Unlike the trunk, the 
crown is a dynamic system reflecting current phytocoenotic 
conditions of tree growth. because the crown is being 
formed as a result of parallel mortality and increment of the 
shoots (Bertran 1989; Ford & Ford 1990). The balance of 
these processes is determined by the individual assimila
tion balance of a branch, which depends on the disposition 
of this branch in community space. Intracrown balance of 
mortality and increment is reflected via values for crown 
characters. PHI is dependent on the total intracanopy bal
ance of mortality and increment. When PHI increases, 
crown volume reduces, as mortality dominates over incre
ment processes in the crown, whereas in the trunk only 
decline of increments can take place. Hence, strong 
dependences between PHI and crown characters are condi
tioned by high sensibility of the latter to current phyto
coenotic conditions. 
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Abstract. Models of vegetation response to environmental 
change on larger scales cannot rely on species because most 
plant species are geographically limited. To allow ecological 
predictions beyond the scale of phytogeographical region, the 
models have to rely on vegetation descriptions using plant 
types other than the species. The crucial problem, however, is 
how to define the types. As types may be defined by the 
combination of trait states, the problem translates into one of 
trait selection. I argue that we should select plant traits that 
maximize the perception of association between vegetation 
and environment and that minimize redundancy. I view trait 
selection as a two-step procedure. The first step is the selection 
of a trait set on the basis of previous knowledge and practica
bility, which is then used for vegetation description. The 
second step is the ranking of these traits accomplished on the 
data analytically by computer algorithms in order to find an 
optimal subset. Since environmental conditions can be de
scribed in different ways and vegetation response may not be the 
same at all scales, we can hardly expect to find a set of traits or 
plant functional types that would be optimal for all purposes. 

Keywords: Arid; Community; Convergence: Data analysis; 
Grassland; Grazing; Life form; Plant type; South America. 

Introduction 

The description of communities requires a taxonomy to 
dissect the assemblage of organisms into populations. We 
take these populations as operational community compo
nents. Pioneer studies in vegetation used taxonomies that 
recognized plant types by morphology and function (see 
Du Rietz 1931 and references therein). Vegetation science 
in this century, however, has been essentially based on 
species, because species are ·groups of individuals with 
uniform inheritance and have been for many years the 
objects of careful investigation' (Braun-Blanquet 1928, p. 
21 ). This view, though, has been criticized. It is quite clear 
why we need vegetation descriptions with plant types de
fined by traits and not by species. On a large scale, predic
tions based on plant species are geographically limited 
(Woodward & Cramer 1996). On a small scale, species are 
in some instances too broad and variable that by describing 
communities by species composition we may not perceive 
relevant processes occurring below the level of species. 
The problem has been studied in connection with the 
Global Change and Terrestrial Ecosystems project of the 
International Geosphere-Biosphere Programme (IGBP) 
(Steffen et al. 1992), where these types are designated as 
·plant functional types' (PFTs). 
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Plant types may be defined as a combination of character 
(trait) states. For instance. a phanerophyte, with deciduous 
leaves with a given size and thickness class is a type 
defined by four traits. Methods have been proposed for the 
analysis of communities described by such multi-trait de
fined plant types (Feoli & Scimonc 1984: Orl6ci & Or16ci 
1985: Pillar & Orl6ci 1991, 1993a). The crucial problem, 
however, is how to select the traits so that the PFTs will be 
likely "functional'. The answer is obviously context-de
pendent (scale, environmental factors considered), thus we 
can hardly expect to find a set of traits or PFTs that would 
he optimal for all purposes. A prevalent approach in the 
search for PFTs is the selection a priori of a trait set, which 
is then used for description and interpretations thereafter. 
Traits may be chosen on the basis of previous knowledge 
on form-function relationships, after theoretical principles 
(e.g. Thompson et al. 1996) or because trends of trait 
variation in ecological space are known or suspected (e.g. 
Dfaz et al. 1992; Skarpe 1996 ). Feasibility and cost of 
observation are also important in trait selection (Skarpe 
1996: Dfaz & Cabido 1997 ). Traits may also be selected by 
their correlation with major components in multivariate 
ordination of the population data alone (Thompson ct al. 
1996; Chapin et al. 1996). How functional or ecologically 
relevant are the plant types so derived? Answers have been 
found by comparing derived ecological predictions to em
pirical evidence, but this is usually not part of the data 
analysis per se. 

Yet. by definition, community descriptions based on 
PFTs should produce data in which the compositional 
variation is highly congruent with environmental variation. 
Consider that we have a data set describing plant types by 
traits. Consider also that we have two other sets describing 
communities by the composition of these plant types and 
by environmental variables. With these data we can there
fore evaluate ecological relevance and rank the traits. This 
can be pursued at early phases of a study, by revealing 
through analysis a subset of the traits defining PFTs with 
maximum ecological relevance, which could abbreviate or 
advance findings of model validation. I will discuss a 
general approach to the analysis of data based on plant 
types, describe algorithms for defining optimal PFTs, and 
give examples with vegetation data from South America. 

Methods 

The selection of traits to define PFTs is a two-step 
procedure. The first step is the selection a priori, using any 
relevant criteria. of a trait set, which is then used in the 
description of plant populations and communities. The 
second step is the selection of a subset of traits from the 
initial set, which is accomplished on the data analytically 
by computer algorithms in order to maximize the congru
ence between vegctational and environmental variation. The 
methods have antecedents in Pillar & Or16ci (1993a, b). 
The analyses used SYNCSA software (Pillar 1998). 

For community description we need to delimit plant 
populations and record their presence or more often their 
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quantities in the community. In the present case, plant 
populations arc PFTs defined as sets of trait states. A PFT is 
identified as a population containing plants that are similar 
with regard to the pre-selected traits. This 'population' 
docs not necessarily coincide with a species. If intraspecies 
variahility of the traits is acccptahlc, a PFT may he formed, 
as a convenience, hy the plants helonging to the same 
species, within each community or across communities. In 
this case, two or more species that are identical for the traits 
evaluated would have to be pooled, but they may be re
corded separately and the pooling be done later in the 
analysis. Depending on the traits selected, the PFT descrip
tion may he valid for the species anywhere. allowing the 
use of existing releves. 

The description of the plant populations yields a matrix 
containing the states of 111 traits in the plant populations. 
The description of the communities yields a matrix con
taining presences/ahsences or quantities of the plant 
populations inn rclcvcs. If the traits are binary, qualitative 
multi state, or quantitative with a limited number of classes, 
identical plant populations are likely to appear across and 
within relcvcs. In the analysis. identical plant populations 
arc trimmed and have their performances within a relcvc 
pooled (or their presences/absences adjusted), leaving t 

distinct plant types in the rearranged data matrices Cw,, and 
V

1
,

11
• Matrix V can be analysed in a similar manner as a 

species by a releve tahlc. 
The same set of communities is evaluated with regard to 

environmental conditions that are relevant for the objective 
and scale considered. For instance, a study will consider 
macro-climatic variahles if the PFTs arc to be optimal to 
describe or predict vegetation response to climate change 
(in space or time). Or, it will consider intensity or fre
quency of grazing and fire if the PFTs are to he optimal to 
dcscrihe or predict vegetation response to disturhance. The 
environmental information yields matrix E

1
"" with p vari

ahles describing II communities. 
In the optimization of the trait set a matrix correlation p 

(D; A) measures the magnitude of the association or con
gruence hetween vcgetational variation and environmental 
variation.Dis a dissimilarity matrix of communities hased 
on the composition of plant types (matrix V). A is a dissimi
larity matrix of the same communities but hased on envi
ronmental variables (matrix E). Any dissimilarity func
tions arc applicahle. p is the Pearson's product moment 
correlation involving 11 (11-I )/2 off-diagonal pairs of corre
sponding dissimilarities in D and A. p (D;A) measures the 
congruence between variation in V and E. The larger p (D; 
A), the larger is the likelihood that the defining traits (or 
traits not observed hut associated to the ohserved ones) are 
functional. 

A suhsct of the a priori selected traits may be used in the 
analysis to define plant types. This is the foundation of the 
optimization algorithm (Fig. 1 ). A subset with 111 traits, 
taken from the a priori selected set (P) with k traits, delimits 
s plant populations. This population data is arranged in 
matrix C.

1
,

111
, on the basis of which matrix V",, is defined. 

Note that the new number of defined plant types s ~ t. 

ct.ml Iv"" 1- ~ 
____J 
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Fig. 1. A general algorithm for the selection of optimal subset 
of traits to maximize the congruence p (D;A) hetween 
vegetational and environmental variation. 

Different subsets belonging to P may determine different 
matrices V and congruencies p (D: A). A recursive algo
rithm will search among w subsets the one that produces 
maximum p (D; A). This will he the optimal trait subset. 
The full algorithm will search all possihle suhscts with 
sizes varying from 111 = 1 to k, where 

k k' 1r=L · 
m=lm!lk-m,. 

(1) 

However, this alternative may be too demanding in compu
tations, since w may be too large. We may instead use a 
stepwise algorithm (as in Pillar & Orl6ci 1993b) where the 
number of trait suhsets is 

k 

w= L(k-m+I) (2) 
m=I 

In this case the algorithm starts evaluating subsets with size 
111 = 1, finding among the k traits the one that maximizes p 
(D: A): then evaluating subsets with size 111 = 2. finding 
among the remaining k-1 traits the one that when added to 
the first maximizes the function, and so on up to suhsct 
sizes 111 = k. For instance, for an a priori set with k = 16, 
there will he 65.535 different trait subsets to check in the 
full algorithm and only 136 in the stepwise algorithm. 

Examples 

The stepwise and the full optimization algorithms arc 
tried in two different contexts. One example aims at find
ing an optimal subset of traits to reveal vegetation-grazing 
relationships at a small scale, the other aims at dcscrihing 
vegetation-climate trends in semi-arid areas at a continental 
scale. 

The first example uses data from the Campos grassland 
(Boggiano 1995 ), containing 30 rel eves taken in a 0.5-ha 
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Table 1. Traits used in population description in a small spatial 
scale study of Campos grassland ( Boggiano 1995). Species 
affiliation was also taken as a ·trait". 

Code Trail 

If Life form .1e11.1u Raunkiacr (phanerophytcs. chamaephytcs. hemi-
cryptophytes. gcophytcs. therophytcs. other) 

g: I Growth form (arrangement of lean~s: ro:-.cttc. caespitose. cl:-.c) 
g2 Growth form (plant inclination: prostrated. erect. hoth) 
gJ Growth form ( \'cgetativc :-.prcad: stolonifcrou:-.. rhizornatou:-.. cl:-.c) 
he Plant height (7 classes) 
tt Stem tissue type (herhaceous. woody. no stem) 
,e Armature (prickly. spiny. else) 
wi Leaf width classes (in mm 0: leafless. I.< 2.5. 2: 2.5 -5. 3: 5- IO. 

4: 10-50. 5:50-100. 6: > JOO) 
re Leaf resistance to traction ( I - 4 index) 
er Leaf cross section (I: straight. 2: folded. 3: rolled. 4: leafless) 
lx Leaf texture ( 1: herhaceous to 4: sclerophyllous. 5: else) 
ev Ventral epidermal surface (g:labrous. glaucous. hairy. tomentose, 

leafless) 
cd Dorsal epidermal surface (glahrou:-.. glaucou:-.. hairy. tomcnto:-.e, 

leafless) 

sp Species 

area located in the experimental station of the Federal 
University of Rio Grande do Sul. near Porto Alegre. Brazil. 
The sampling used quadrats, 0.1 m x 0.5 m each, located 
along six transects. Estimates of cover percentage and 
population description by traits in each quadrat were made 
for 66 species. The set of traits used in the description is in 
Table I. Species affiliation was also taken as a ·trait'; to 
evaluate the congruence p (D; ~) when tloristic composi
tion in isolation or with other traits is used to define 
vegetation patterns. Grazing intensity of the quadrats was 
evaluated. A grazing intensity index was computed from 
direct measurements on the communities during a short 
period of grazing by cattle. after two months of grazing 
deferment. Details on the methodology and the complete data 
set is in Boggiano ( 1995 ). 

The second example uses relevcs from mostly semi-arid 
to arid formations in NE Brazil and NW Argentina (Pillar 
& Or16ci 1993a). From these, IO relevc sites are in the 
Caatinga in Ceara, Brazil. between latitudes 3° 20' and 4° 
S. The other sites are in NW Argentina, between latitudes 
23° and 28° S. with 21 releves located on a moisture 
gradient from the driest part of the Chaco in Santiago de] 
Estero to the Monte desert in Catamarca. across the 
Subandean range. and four releves located on high altitude 
(2400-2750 m) Prepuna around latitude 23° Sin Jujuy. The 
species had cover-abundance recorded and were described 
using 16, mainly morphological, traits (Table 2). No com
mon species arc found by comparing the relevcs in the 
Caatinga with the ones in Argentina. Information on esti
mated annual precipitation of each site was used in the 
analysis. Mean annual precipitation varied from 540 to 
1302 mm in the Caatinga data and from 168 to 1127 mm in 
the NW Argentina data. Further information is in Pillar & 
Or16ci ( 1993a) and references therein. The complete data 
set is in Pillar ( 1992) except the rclcvcs from the Prcpuna 
(Pillar et al. unpubl., 1990). 

The analysis with the grassland data (Fig. 2) revealed an 

Table 2. Traits used for population description in plant com
munities or semi-arid to arid formations in NE Brazil and NW 
Argentina (Pillar & Or16ci 1993a). Stem may refer to a stem
like structure and leaf to a leaflet or leaf-like structure. 

Code Traits 

bl Biological t) pe: I: hryoid: 2: lichen: 3: pteridophyte: 4: conifer: 
5: graminoid: 6: cactoiJ: 7: other: 

gf Growth-form (slates from key in Pillar 1992): 
sl Stem tissue type: I: succulent. 2: herbaceous. 3: woody. 4: no 

stem: 
fu Stem function: I: support. 2: support and photosynthesis. 3: no 

stem: 
al Stern armature: type I: thorn/spine. other vestures: 2: none: 3: 

planl with no stem: 
du Leaf duration I: a-seasonal deciduous: 2: seasonal deciduous; 3: 

withering:. 4: persistent: 5: plant leafless: 
It Leaf tissue type I: succulent. 0: else: 
tx Leaf texture I lo 5: scale from hcrhaceous lo sclerophyllous; 6: 

else: 
sh Leaf shape I: scale. 2: filiform/needle; 3: other: 4: plant leafless: 
ar Leaf arrangement: I: simple; 2: compound: 3: plant leafless; 
ed Leaf epidermal surface dorsal: I: glahrous: 2: glaucous: 3: 

trichomous sparse. 4: trichomous dense: 5: plant leafless: 
cv Leaf epidermal surface ventral: I: glahrous: 1: glaucous; 3: 

trichomous sparse: 4: trichomous dense: 5: plant leafless; 
w, Leaf width I:< 2.5 111111: 2: 2.5-5: 3: 5- JO: 4: 10-50: 5: 50- 100; 

6: I 00 <: 0: leafless: 
le Leaf length I:< 5 mm: 2: 5 - 25: 3: 25 - 75; 4: 75 - 125; 5: 125 <: 0: 

plant leafless: 
th Leaf thickness 1: < I mm. 2: 1 - 3: 3: 3 - 5: 4: 5 <: 0: leafless; 
he Plant height l:<5cm: 2:5-25:3 25-75:4:75-125;5: 125-250: 

6: 250 - 500; 7: 500 - JO()(); 8: > !000. 

optimal subset of traits related to grazing intensity: leaf 
width, leaf resistance, leaf cross-section and leaf texture. 
This subset, when used in the definition of plant types. 
enabled maximum congruence between variation in com
munity composition and grazing intensity. The stepwise 

<]· 
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0 

·--.. .. ~-___ __,.---------------------~ 

14 Subset size 

he ed ev sp If g3 tt gZ gl ve tx er re wi 
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Fig. 2. Profile of maximum congruence p (D: ~) at different 
trait subset sizes in data from subtropical grassland communi
ties. Environmental variation Dis indicated by absolute differ
ences in grazing intensity. Vegetation composition is described 
by plant types defined by the traits (codes in Table I) on the 
horizontal axis cumulatively from right to left; Euclidean 
distances define matrix~- Stepwise and full algorithms gave 
identical results. Maximum congruence was found when plant 
types were defined by leaf width (wi ). leaf resistance (re), leaf 
cross-section (er) and leaf texture (tx). The an-ow points to the 
congruence when composition was described by species only. 
Data from Boggiano ( 1995 ). 
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Fig. 3. Profile or maximum congruence p (D; ,1) at different 
trait subset sizes in data from 35 releves in semi-arid to arid 
formations in NE Brazil and NW Argentina (Pillar & Or16ci 
1993a). Vegctational variation D defined by Euclidean dis
tances. Environmental variation in ,1 given by absolute differ
ences in mean annual precipitation. The solid line shows 
optimal congruence found by the full algorithm. The dotted 
line shows optimal congruence found by the stepwise algo
rithm. In this case vegetation composition is given by plant 
types defined by the traits on the horizontal axis cumulatively 
from right to left (codes in Table 2). When the lines coincide 
the trait subset is identical in both algorithms. Data from Pillar 
( 1992) and Pillar ct al. (unpubl. 1990). 

and the full algorithm gave identical results. Note that by 
using the whole set of traits, or descriptions based on 
species only, environmental congruence was much lower 
than the optimal subset.An ordination (sec Boggiano 1995) 
of the releves with plant types defined by the optimal 
subset depicted, as expected, a close relationship between 
vegetation variation and grazing intensity. 

The analysis with the 35 rcleves in semi-arid vegetation 
(Fig. 3) indicated an optimal subset of traits related to 
precipitation which was identical in both stepwise and full 
algorithms: leaf width, leaf thickness, biological type, stem 
tissue type and stem function. Plant types defined by these 
traits revealed vegetation variation with maximum correla
tion with the variation in precipitation. Again, plant types 
defined by the complete set of 16 a priori selected traits 
gave a much lower environmental congruence than the 
optimal subset. The analysis with this data set on a Macin
tosh with a 240 MHz PowerPC 603cv CPU took 14 sec
onds when using the stepwise algorithm and 112 minutes 
when using the full algorithm. 

Discussion 

The results obtained on the basis of grassland and semi
arid vegetation data sets indicated that there was no advan
tage in using the more computationally demanding full 
optimization algorithm over the stepwise algorithm de
scribed in Pillar & Orl6ci (1993b). The stepwise and the 
full algorithms revealed identical optimal subsets of traits. 
When solutions diverged it was at suboptimal subsets. 

The examples highlighted the potential for analytical 

optimization in PFT-based data. The results clearly showed 
that an optimal subset of traits, taken from an a priori set 
used for data acquisition, can greatly improve the ecologi
cal relevance and, likely, functionality, of the plant types 
(PFTs) so defined. Moreover, the analysis with optimal 
PFTs can reveal vegetation patterns with a greater ecologi
cal relevance than an analysis based on species composi
tion. It is undeniable, however, that the a priori selection or 
traits is crucial, for the optimization will be useless if the 
traits are not relevant at the scale and objective intended. In 
this sense, analytical optimization is an important comple
mentary tool in the definition of PFTs. Furthermore, the 
analytical optimization provides an objective tool for the 
assessment of conflicting approaches or theories in the 
selection of traits. Whether PFTs are functional with re
spect to the environmental variables considered should not 
be a question of definition, but something that can be 
measured and optimized in a given data set. Functionality 
is here inferred from a measure of congruence, which only 
proofs association, not cause-effect relationships. Optimi
zation, however, is dependent on purpose. The same set of 
traits may give a different optimum subset if a different 
environmental factor is considered. 

The existence of PFTs is particularly grounded on the 
fact that regions of the world with similar climates tend to 
present similar vegetation structure. This has supported the 
hypothesis that community evolution is convergent under 
similar environmental conditions. There are several studies 
evaluating this hypothesis ( e.g. Barbour & Diaz 1973: 
Parsons 1976; Orians & Solbrig 1977), but convergence is 
usually defined by the structural similarity of the commu
nities. It is more interesting, however, to evaluate the 
convergence of vegetation responses to environmental gra
dients, between distant regions. The example using data 
from communities in semi-arid areas of the Caatinga and 
Chaco/Monte in South America is useful in this respect. 
The joint analysis of tloristically disjunct communities 
found PFTs that were optimal to reveal vegetation variation 
having maximum congruence with the precipitation gradi
ent. An enlarged joint analysis, involving communities on 
climatic or disturbance gradients from different continents, 
may provide the best framework to find optimal PFTs. 
These PFTs will be the most associated to the given gradi
ents in space and, likely, in time. and therefore the best ones 
for modeling vegetation change. 

Acknowledgements. The research reported in this paper was 
supported mostly by grants and fellowships from CNPq, 
CAPES and FAPERGS (Brazil). I thank P. Boggiano for 
allowing the use of his data and M. Cadenazzi, J.P. Lewis and 
J. Ambrosio de Araujo for invaluable cooperation in data 
collection. Suggestions by an anonymous reviewer greatly 
improved the manuscript. 



- How can we define optimal plant functional types? - 357 

References 

Barbour, M.G. & Diaz, D.Y. 1973. Larrea plant communities 
on bajada and moisture gradients in the United States and 
Argentina. Vegetatio 28: 335-352. 

Boggiano Oton, P. 1995. Rela~·6es entre estrutura da 1•egetarl10 
e pastejo seletil'O de hovinos em campo natural. M.Sc. 
Thesis Universidade Federal do Rio Grande do Sul. 

Braun-Blanquet, 1. 1928. Pflanze11.1o;iologie. Springer-Ver
lag, Berlin. 

Chapin. F.S., III, Bret-Harte, M.S., Hobbie, S.E. & Zhong, H. 
Plant functional types as predictors of transient responses 
of arctic vegetation to global change. J. Veg. Sci. 7: 347-
358. 

Diaz, S., Acosta, A. & Cabido, M. 1992. Morphological analy
sis of herbaceous communities under different grazing 
regimes. J. Veg. Sci. 3: 689-696. 

Diaz, S. & Cabido, M. 1997. Plant functional types and 
ecosystem function in relation to global change. J. Veg. Sci. 
8: 463-474. 

Du Rietz, G.E. 1931. Life-forms of terrestrial flowering plants. 
Acta Phytogeog,: Suec. 3: 1-95. 

Feoli, E. & Scimone. M. 1984. A quantitative view of textural 
analysis of vegetation and examples of application of some 
methods. Arch. Bot. Biogeogr. Ital. 60: 72-94. 

Orians, G.H. & Solbrig, O.T. (eds.) 1977. Com·ergent ernlu
tion in warm deserts. Dowden, Hutchison and Ross, Strouds
burg, PA. 

Orl6ci, L. & Or16ci, M. 1985. Comparison of communities 
without the use of species: model and example. Ann. Bot. 
(Roma) 43: 275-285. 

Parsons, D.J. 1976. Vegetation structures in the mediterranean 
scrub community of California and Chile. J. Ecol. 64: 435-
447. 

Pillar, Y.D. 1992. The theon· of' character-hased community 
analrsis. Ph.D. Thesis. The University of Western Ontario, 
London, Ont. 

Pillar, Y.D. 1998. SYNCSA sofhrnre .f<ir character-based 
communitr analrsis. Porto Alegre, Departamento de 
Ecologia, UFRGS, Rio Grande do Sul. 

Pillar. Y.D. & Or16ci, L. 1991. Fuzzy components in community 
level comparisons. In: Feoli, E. & Orl6ci, L. (eds.) Computer 
assisted vegetation analrsis, pp. 87-93. Kluwer, Dordrecht. 

Pillar. Y.D. & Orl6ci, L. 1993a. Character-based co111111unitr 
analrsis: theory and application pmgram. SPB Academic 
Publishing, The Hague. 

Pillar, Y.D. & Orl6ci, L. 1993b. Taxonomy and perception in 
vegetation analysis. Coenoses 8: 53-66. 

Skarpe. C. 1996. Plant functional types and climate in a 
southern African savanna. J. Veg. Sci. 7: 397-404. 

Steffen, W.L., Walker, B.H .. Ingram, J.S.I. & Koch, G.W. 1992. 
Global change and terrestrial ecosystems: the operntional 
plan. International Geosphere-Biosphere Programme. IGBP 
Report, No. 21, Stockholm. 

Thompson, K., Hillier, S.H., Grime. J.P .. Bossard, C.C. & 
Band, S.R. 1996. A functional analysis of a limestone 
grassland community. J. Veg. Sci. 7: 371-380. 

Woodward, F.I. & Cramer, W. 1996. Plant functional types and 
climatic changes: Introduction. J. Veg. Sci. 7: 306-308. 



I'mcffding.1 IAVS Srn1po.1iu111. !'fl· 3511-361. 2000 
CD IA VS: Opu/u.1· Pres., Uppsala. Prillled in the UK 

Nested subset analysis as a tool for 
characterizing plant community 

composition in Flemish woodlands 

Honnay, Olivier' & Hermy, Martin 

University (>{Leu1·en, Lahoratoryfor Forest, Nature and 
Landscape Research, Vital Decosterstraat 102, B-3000 
Leuven, Belgium; 
Fax +321632 9760; E-mail olii·io:ho1111ar@ag1:kuleio•e11.ac.he 

Abstract. A concise introduction to the theory of nested 
species subsets is presented. A group of biotas is said to be 
perfectly nested when each species is present in all biotas 
richer than the most dcpauperate one in which that species 
occurs. We shortly discuss the ecological mechanisms gener
ating such nested patterns (i.e. differential extinction, differen
tial colonization, habitat specialization and random sampling). 
The theory is illustrated with a case study from Flanders 
( Belgium) where forest-core plant communities exhibit a nested 
subset structure. The underlying ecological mechanism was 
one of habitat specialization and not of differential extinction. 
suggesting that species extinction in Flemish forests mainly 
occurred in a deterministic way; the process of species relaxa
tion resulting from habitat reduction and subsequent stochastic 
species extinctions may not have been important. 

Keywords: Deterministic extinction; Species relaxation; For
est core plant species: Forest fragment; Habitat fragmentation: 
Stochastic extinction. 

Nomenclature: Dclanghc ct al. ( 1988 ). 

Introduction 

This contribution offers a concise introduction to the 
concept of the nested species subsets (for a more extensive 
review sec Worthen 1996). Traditionally, communities have 
mainly been analysed at the species number level or at the 
individual species abundance level: .:-values of species 
number-area curves were analysed, species number and the 
abundance of individual species were related to habitat 
features. communities were described using rank-abun
dance diagrams, local species abundance was related with 
regional species distribution, etc. (e.g. Hanski 1981: 
Rosenzweig 1995 ). 

Outside vegetation science, the quantification and analy
sis of an intermediate level of community structure (i.e. 
community composition. or species co-occurrence) has 
been relatively underexplored (Worthen 1996). A nested 
subset structure appears to he a very common form of such 
a community composition (see Wright et al. 1998 for an 
analysis of279 data sets). The theoretical concept that was 
developed with respect to nested species subsets can he 
applied to describe and to explain the composition of every 
species assemblage. The phenomenon has been described 

in detail e.g. for birds on land bridge islands (Patterson & 
At mar 1986 ), birds in chaparral fragments (Bolger ct al. 
1992), amphibians in ponds (Hecnar & M'Closkey 1997), 
plant communities on islands in lakes and in forest frag
ments (Kadmon 1995; Honnay et al. 1999), ectoparasite 
communities on marine fishes (Worthen & Rhode 1996). 
mussel species in rivers (Vaughn 1997), fly communities 
on mushrooms (Worthen et al. 1996: Worthen et al. 1998). 
mammals on mountain tops (McDonald & Brown 1992) 
and rodents in desert habitats (Patterson & Brown 1991 ). 

We aim at giving an introduction to the nestedncss con
cept and to the ecological mechanisms generating 
nestedness. We will refer to recent literature and illustrate 
the concept with a case study form the Flanders region of 
Belgium (fully discussed in Honnay et al. 1999). 

Definition and Measures 

A group ofhiotas is said to be perfectly nested when each 
species is present in all hiotas richer than the most 
depauperate one in which that species occurs (Patterson & 
Atmar 1986) (Fig. I). A whole set of procedures has been 
developed to detect and to quantify a nested community 
structure. In all cases, the starting point is a data matrix 
with presence-absence data of species versus habitat frag
ments. The most easy procedure is to apply a Mann
Whitney U statistic for each species separately, after rank
ing the habitat fragments with respect to species richness. 
The Mann-Whitney statistic detects if one individual species 
is more likely to occur in species rich habitat fragments 
than in species poor fragments. Tail probabilities can then 
he combined using Fisher's method (Fisher 1970) to gener
ate a matrix-wide nestedness measure (e.g. Schoener & 
Schoener 1983; Simherloff & Martin 1991: Hecnar & 
M'Closkey 1997). 

More sophisticated methods are based on the compari
son of the data-matrix order with the average order of e.g. 
I 000 randomly generated matrices; resulting from a Monte
Carlo simulation ( e.g. Patterson & At mar 1986: Cutler 
1991: Wright & Reeves 1992; Lomolino 1996 ). This group 
of methods normally results in one matrix-wide nestedness 
measure. The matrix structure or order is quantified hy 
measuring the deviation from perfect nestedness (i.e. count
ing the number of unexpected presences or absences of 
species) after ranking the habitat fragments with respect to 
species richness. In our opinion the best way to quantify 
nestedness is to use At mar & Patterson ·s method which 
uses a combination of a thermodynamic measure of order 
and a Monte-Carlo simulation ( for further details see Atmar 
& Patterson 1993. 1995). 

CJ~~ IA~C, 
Fig.I. Example of a perfectly nested dataset. When a species 
occurs in a habitat fragment it also occurs in each fragment 
that contains more species ( from Honnay & Hermy 1998 ). 
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Ecological mechanisms generating nested subset 
patterns 

Ncstedness occurs when species are distributed non
randomly with respect to a common set of extrinsic vari
ables (Patterson 1990). This non-random community com
position urges for the identification of the external factors 
that structured community assembly. In the literature four 
ecological mechanisms generating nested subsets have hccn 
described. which are not mutually exclusive. 

Differential extinction 
Nested communities were first explicitly addressed in a 

conservation biology context. studying fauna) species re
laxation on oceanic ( land bridge) islands - e.g. Schoener & 
Schoener 1983: Simhcrloff & Levin 1985: Patterson 1987: 
see also the incidence functions of Diamond ( 1975) - and 
on habitat islands (Patterson & Atmar 1986: Bolger ct al. 
1992). The mechanism that is supposed to generate 
ncstcdness in this context is relatively simple. as is shown 
in Fig. 2. which can he read as a time series. from right to 
the left. or as a snapshot. representing an archipelago of 
habitat fragments. As a result of shrinking habitat size. the 
population sizes of the different species are also decreasing 
and the populations become the subject of stochastic ex
tinction processes (sensu Shaffer 1981 ). The populations 
fall under their MVP (Minimal Viable Population) and. 
consequently. go extinct from the habitat patch. The de
picted species distribution pattern (i.e. perfectly nested. 
and with a perfect rank correlation between species number 
and fragment area) results from differential extinction which 
is the result of differences in MVP between species. 

Applications which arc associated with a species pattern 
generated by differential extinction arc the determination 
of the minimal required habitat area for an MVP of a 
species and the prediction of extinction-prone species 
(McDonald & Brown 1992: At mar & Patterson 1993 ). The 
theory has also led to the re-opening of the SLOSS-debate 
(Wright & Reeves 1992: Worthen 1996). The applicability 

GJ B iABl [f]B ~~ B- [ITJB L_ci CD CD CD 
E E F 

fiagment I fn.gment2 frag:ment3 fragment4 fr,g.'Tlent.5 fr-1g:ment6 

b~-A b~-B b~-c b~-n b~•E b~-, 
Fragment 1 I 1 0 0 (1 0 0 

Fragment 2 I 1 

Fragment 3 

Fragment 4 

Fragment 5 11 
Fragment 6 1 

Fig. 2. Example of a perfectly nested dataset exhibiting a 
perfect rank correlation between fragment area and species 
richness. The underlying ecological mechanism is species 
relaxation. As a result of fragment area reduction. species will 
become extinct in a predicable order that is directly correlated 
to their MVP. Habitat quality is considered homogeneous and 
there is no species migration between fragments ( from Hon nay 
& Hermy 1998). 

of the nestedncss concept in conservation biology and its 
relevance for the design of nature reserves has been criti
cized by Simberloff & Martin ( 1992). Cook ( 1995 ). Skaggs 
& Boecklen ( 1996) and Boccklen ( 1997). 

Diff'crential coloni::.ation 
Another possible mechanism that generates ncstedness 

is the different ability of species to colonize new. relatively 
isolated habitat patches. Isolated habitats will contain only 
a subset of species with very good dispersal abilities. The 
issue has been addressed by Patterson ( 1990). Kadmon 
( 1995 ). Worthen & Rhode ( 1996) and Hon nay et al. ( 1999). 
The capability of differential colonization abilities to gen
erate ncstcdncss is strongly scale-dependent. On a land
scape scale it is to be expected that neither excellent 
dispersers (because they are occurring even in the most 
isolated habitat). neither the least dispersing species (be
cause they cannot leave their patch to colonize even the 
closest habitat) will contribute to a nestedncss pattern 
(Honnay et al. 1999). 

Habiwt speciali::.ation or 'nested habitats· 
Differences in habitat specialization between species 

cause that some species occur almost everywhere 
(generalists). while other species arc confined to well
defined ahiotic conditions (specialists). It is possible that 
habitats are nested. i.e. that if a habitat type occurs in a 
certain patch. it will also occur in all most habitat-rich 
patches. This means that rare habitats only occur in habitat 
rich patches. It can be expected that patches characterized 
by a high habitat diversity potentially contain all species 
from the available species pool (including specialists), 
while habitat poor patches will only contain generalists. It 
has to be noted that the measurement of habitat diversity is 
largely scale dependent and a function of the organisms 
which arc studied (see the case study). Because habitat 
diversity and patch area arc mostly correlated. nested species 
subsets resulting from nested habitats can easily be con
fused with a species pattern that resulted from habitat 
reduction and consequent species relaxation (Kodric-Brown 
& Brown 1993: Honnay et al. 1999). 

Random sampling 
It is known that species-area relations can be generated 

from sampling effects. Because large areas constitute large 
samples and thus contain more individuals. they will also 
contain more species simply by chance (Connor & McCoy 
1979: Coleman et al. 1982). Abundant species will have a 
higher probability of being present in a certain habitat 
patch. simply by chance, potentially producing a nested 
subset pattern ( Bolger et al. 1991: Cutler 1994 ). Worthen 
( 1996). however. concluded that the specific conditions 
under which passive sampling produces nestcdness are still 
unclear and that more research is needed. 

Separation of nestcdness generating mechanisms 
It is not always easy to separate the different nestedness 

generating mechanisms. especially because the mechanisms 
are not mutually exclusive. Different techniques have been 
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proposed to distinguish between external variables gener
ating nestedness. Some authors have claimed that the 
nestcdness measure they developed is able to distinguish 
between different mechanisms. Wright & Reeves ( 1992) 
suggest that their C measure of nestedncss is able to distin
guish between differential extinction and differential colo
nization-born nestedncss patterns. Cutler (1994) claimed 
his nestedness measure U to be able to distinguish between 
extinction based and random sampling based nestedness 
patterns. The most flexible, and to our opinion the best way 
to detect the nestcdness generating mechanisms is to rank 
habitat fragments according to one or more of the potential 
external variables (e.g. according to patch area and patch 
isolation), to quantify the degree of nestedncss, and to 
compare this with the average degree of ncstedness of 500 
or more randomly generated data matrices (Lomolino 1996; 
Honnay et al. 1999; and see further). It has finally to be 
noted that it is possible to exclude mechanisms but that it 
may be difficult to finally accept one single mechanism. 

Nested forest plant communities in Flanders: species 
relaxation or nested habitats? 

Nested.fen-est plant communities 
In western and central Flanders, 156 forest fragments 

(mean patch area 39.4 ha. median 14.0 ha) were surveyed 
for the presence/absence of 75 ·true' forest plant species. 
The definition of a true forest species is based on field 
experience and literature references (cf. their phytosocio
logical behaviour according to Ellenberg ct al. 1991, see 
also Hon nay et al. 1998a, b ). True forest species are con
fined to the inner core habitat of the forest because they 
entirely depend on the forest microclimate for their sur
vival and regeneration. Flemish forests have an extremely 
long history of fragmentation and human interference; 
Tack et al. ( 1993 ). studying historical herbaria. give evi
dence of a clear decline of the overall plant species richness 
in these forest fragments. at least since the 19th century. 

The plant species composition of the surveyed forest 
fragments exhibited a significant nested subset pattern; if a 
species occurs in a certain fragment, it also occurs in nearly 
all species richer fragments (see Honnay et al. ( 1999) for 
further details). An interesting consequence of the highly 
significant nestedness pattern, is that relatively rare plant 
species, which exhibit also a strong individual nestedness 
pattern, can function as an indicator species for true forest 
plant species richness of Flemish forest patches (Table I). 

Looking .fcJr the underlying ecological meclwnism 
We tested three hypotheses with respect to the nestedness 

generating mechanism: species relaxation, differential colo
nization and nested habitats. We used G.I.S. analysis tools 
(Arc/Info) to calculate the total forest area within a radius 
of 500 m around a forest patch. This variable was then used 
as an inverse isolation measure (see also Grashof-Bokdam 
1997). We also generated an overall synthetic habitat diver
sity measure for each of the 156 forest fragments by 
performing a Principal Component Analysis on five inven
toried habitat diversity variables (forest shape index, number 

Table 1. True forest plant species which can be used as indica
tor species for total true forest plant species richness in Flem
ish forest fragments. The species exhibit a highly nested 
spatial pattern (p < 0.000 I) and are relatively rare ( occurring 
in< 25% of the forests). Median and minimal true forest plant 
species richness of the fragments where the indicator species 
occur are given (from Honnay et al. 1999). 

Indicator species 

Nurci.\sus pseudonarcissus 
Melirn ,miflom 
Chrysosplenium oppositff"olium 
Dacty/orhi :a fitch.l"ii 
Vero11ica111011tana 

1Wercurialis perennis 
Sanicu/o europaea 
Chrrsosple11ium i1/temifi1/iu111 
Pari.1 quadrifolia 
Lysimachia nemorum 

Median 
species richness 

43 
44 
39 
42 
36 
33 
37 
34 
35 
34 

Minimal 
species richness 

32 
29 
17 
17 
19 
14 
14 
12 
II 
12 

of soil textures, number of soil moisture levels, number of 
soil types and a slope index). The scores of the forest 
patches on the first factor axis were taken as habitat diver
sity measures. 

Secondly we tested if the observed species distribution 
pattern could be regenerated by ranking the patches ac
cording to patch area, patch isolation, and the derived 
habitat diversity measure. Therefore we used Monte-Carlo 
based simulation algorithms (see again Honnay et al. 1999). 
The external variable which was responsible for the nested 
subset pattern of the data matrix was habitat diversity, 
meaning that the species relaxation hypothesis and the 
differential colonization hypothesis could be rejected. The 
community composition of forest plant species in forest 
fragments in Flanders is caused by differences in habitat 
specialization between the different species. The species 
relaxation hypothesis is rejected, i.e. patch area is a poor 
predictor for community composition. Supposing that patch 
area is closely related to population size, there is no reason 
to expect that stochastic extinction processes ( demographic, 
genetic or environmental stochasticity (Shaffer 1981; Pimm 
et al. 1988) have seriously affected plant populations. The 
plant extinction in Flanders was probably guided by deter
ministic factors like e.g. forest grazing or abandonment of 
coppice management. Hon nay et al. ( 1998a) came to a 
similar conclusion after an analysis at the species number 
level; the community composition analysis by means of the 
nested subset analysis. however, provides much stronger 
evidence for this deterministic hypothesis. 
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Abstract. Small-scale dynamics of vascular plants and 
cryptogams were studied between 1980 and 1998 in IO natural 
forests of different types in the Moscow region, Russia, and 
Central Sweden . Data sets of several thousands of 20 cm x 20 
cm permanent quadrat, - with time lags of one or five years -
to assess fine-scale species turnover. The main aim was to find 
out extensions and limitations of the 'carousel model' (van der 
Maarcl & Sykes 1993) in boreal forests. The general model 
was tested by calculating cumulative species frequencies and 
cumulative species numbers. We found in nearly all forest 
types that the cumulati\e species number at small scales grows 
very slowly as compared to species-rich grasslands. Since 
forests often show a heterogeneous, patchy structure, we need 
a more complex carousel model to describe species turnover, 
i.e. one with a community circuit and several patch circuits. 

Keywords: Fiby forest; Fine-scale turnover; Forest dynam
ics; Moscow region; Species mobility. 

Nomenclature: Tut in et al. ( 1964-1980); Corley ct al. ( 1981 ). 

Introduction 

To elucidate the high degree of mobility at fine scales in 
species-rich grasslands on the limestone plateau of Oland, 
Sweden, van der Maarel & Sykes ( 1993) developed the 
phenomenological 'carousel model'. They postulated that 
most species in such communities move around in the 
community and can eventually reach most of its micrositcs. 
Similar types of dynamics were found in other grassland 
types (e.g. Herben ct. al. 1993; Sykes ct al. 1994). 

Van der Maarel & Sykes ( 1993) pointed out that their 
grassland is species-rich and subjected to periodic distur
bances (drought), rather homogeneous, grazed by cattle, 
nutrient- and water-deficient, and rich in annual species. It 
is still unclear whether the model can be applied in a more 
general way, and particularly, in borcal and borco-nemoral 
forest communities that arc known to be heterogeneous, 
rather species-poor. and not subjected to periodic cata
strophic mortality (Sykes et al. 1994). The main idea of this 
study was to test the carousel model in several types of 
Russian and Swedish forest floor communities and find 
possible extensions and limitations of the model. 

Investigation areas and Methods 

Nine natural forest stands, not disturbed by logging or 
grazing, were selected for comprehensive studies during 
the years 1980-1983 in forest reserves of the Moscow 
region (Maslov 1989). Permanent sample plots were estab
lished, usually 40 by 50 m each. One plot of the same size 
was established in 1993 in the primeval forest of Fiby near 
Uppsala, Sweden. This plot was situated in one of the 
classical gap plots - no. I - initiated by Rutger Sernander 
( 1936; cf. Hytteborn et al. 1991 ). The predominant tree 
species both in the Swedish and Russian plots were Picea 
abies and Pinus syfrestris accompanied by Populus tremula, 
Bellt!a pubescens and Tilia cordata in some mixed stands. 

Rooted presence (rooted frequency) was recorded for all 
vascular and bryophyte species - while omitting herb and 
dwarf shrub seedlings (with cotyledons). The quadrats of 
20 cm x 20 cm were situated in several parallel transects of 
50 m long. The number of quadrats ranged from I 000 to 
4000 per plot. In Fiby the analysis was done yearly from 
1993 till 1998 in I 000 quadrats. In the Moscow region the 
time interval was always 5 yr, and the total number of 
repetitions was four. 

Species with a frequency of at least I '7< in any one year 
( called 'common species') were selected for further testing 
of the carousel model. Cumulative frequency of the com
mon species was calculated as the total number of quadrats 
in which the species occurred in any one year. Mean 
cumulative species number (cumulative richness per 
quadrat) was obtained by counting the number of species in 
the first year and adding species newly appearing in later 
years (van dcr Maarcl & Sykes 1993). Species mobility 
(turnover rate, TR) was calculated as the reciprocal value of 
the species persistence value V; TR = I - V. where Vis a 
tetra point correlation coefficient (cf. Hcrben et al. 1993; 
0kland 1995). 

Results 

In the herb-rich Picea-Populus forest in Fiby, 54 species 
of vascular plants and bryophytes were found in the 
transects. Of these, 40 species were common (Table I). 

During the investigation period of 6 yr only 15 of the 40 
species showed a clear increase in cumulative frequency. 
i.e. more than 10 %. For most species cumulative fre
quency increased very slowly. Several dominant species. 
notably Deschampsia.flexuosa, Hepatica nobilis, Vacciniwn 
myrtillus and V. vitis-idaea show an increase oflcss than I 0 
%. For only one species, Maicmthemwn b(f<1lium. the cu
mulative frequency passed the limit of 80 '7< and became a 
'highly frequent' species. 

The cumulative species number on 20cm x 20cm quadrats 
increased on average from 6.9 in 1993 to I 0.4 for the period 
1993-1998 (Table I). This means a mean increase per year 
of 0.7, which is clearly lower than in the Oland grassland 
with 1.6 on plots of IO cm x IO cm (van der Maarel & Sykes 
1993 ). though not extremely low. The cumulative number 
of I 0.4 is still far from the total numberof common species. 
40. 
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Table 1. Cumulative root frequency of 40 common species 
in !000 20 cm x 20 cm quadrats and cumulative species 
numbers in Herb-type spruce forest Fiby (Central Sweden). 
i = increasing annual frequency; J, = decreasing annual 
frequency. i J, = highly pulsating species. Figures with in
crease in cumulative frequency more than I 0% in bold. 

C'umulati\ c mol frequency ((Jr) 

Year 93 9-1 95 96 97 98 

Anemone nenwrosa i J.. 16 48 59 62 64 65 
c·amponula persic((olia 2 3 J 3 3 J 
Cllrex digiwta II 13 1-1 15 15 16 
Carex montww 5 5 5 6 6 6 
Conr(ll/ario majalis 18 21 23 2-1 26 27 
De.1c/w111psia flexuosli 19 21 11 23 23 23 
Frugario rt'Sct1 7 8 9 9 9 10 
Geranium syln1ticwn 3 -I 5 5 5 5 
Hepaticu nohili., -19 53 55 56 57 57 
Hierocium murorum 3 3 -I -I -I -I 
Larhyrus mo11tww., 10 13 1-1 LS 16 16 
/.11thyrus renws 22 28 31 32 33 33 
Lin,wea horealis 7 9 10 II II 12 
Lu;uill pilosl/ 13 15 17 18 19 21 
Mllillnthemum /Jifii/iu111 63 72 74 77 79 80 
Me/ompyrwn syfraticum 24 30 32 34 34 35 
Me/in111utw1s I I I I 2 2 
Miliu111 efji1s11111 7 8 10 11 13 16 
Myce/is muralis 3 s 7 8 IO 13 
Orthilill sec111ufo .l -I 5 6 6 6 7 

O.ralis l/cetowllll I 24 30 34 37 40 44 
l'llris ljlllldrifi,/ill 13 20 24 27 28 29 
Ri/Jes lllpi1111111 2 2 3 3 J J 
Trientalis europoea 27 38 44 47 49 52 
Trifi,lium 111ediu111 I 2 2 2 2 2 
Voccinium myrtillu., J-1 37 38 39 -II -II 
Vaccinium ritis-idaeo J, 3-1 37 39 -10 -II -II 
\/eronict1 chamaedr}·s 33 39 42 45 45 47 
Veronica <dficinali., 2 3 3 -I 5 5 
Vicia sepium 20 26 29 31 33 34 
Viola ri\'iniana 35 41 44 45 46 47 
Atrichum 111u/11/atu111 i 2 2 2 3 3 3 
Dicranum polysetum 9 II 11 12 12 12 
Dicranum scoparium 7 8 10 II 12 1-1 
Hylocomium splendens SI 56 59 62 64 67 
Plagiochilll usplenioides 8 9 9 9 9 9 
Plagiomnium qffine 16 16 18 20 21 23 

Pleuro:iu111 schrebcri i 17 22 25 27 30 32 
Ptiliwn crisf(l~casrrensis 16 16 17 18 19 21 
RhHidiadelplws triquetru.1 53 57 58 60 62 64 

Mean cumulative species no. 6.9 8.4 9.1 9.6 10.0 10.-1 

In a rather similar. also mixed Picea-Pop!tlus forest in 
the Moscow region, with fewer species, the results arc 
more similar to the Oland results. After four repetitions, 
nine out of 22 common species show an increase in cumu
lative frequency of more than I Oo/r. The numher of highly 
(> 80%) frequent species has increased from one to three. 
But we should keep in mind that the time lag there was 5 yr 
instead of I yr. 

The cumulative species numher on 20cm x 20 cm quadrats 
increased on average from 3.9 in 1980 to 6.5 for the period 
1980-1995, which is 0,65 per analysis. Such low increases 
in species cumulative frequency and cumulative species 
number were also found in most other forest communities 
in the Moscow region. 
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Fig. 1. Mean species turnover rates TR = I - V from 1980 to 
1995 in an Ow/is-type mixed Picea-Popu!us forest in the Mos
cow region: hased on four repetitions with a time lag of 5 yr. 

Another way to demonstrate the carousel model is the 
calculation of species mobility or 'fine-scale turnover' 
(Rusch & van dcr Maarel 1992). In the present paper we 
understand 'single-species turnover' as the tendency of a 
species to change position within the community by colo
nizing new (micro) sites, leave them. and occupy them later 
again. 

A wide range of species turnover rates is shown for the 
Oxalis-type of the Picea-Popul!ts forest in the Moscow 
region (Fig. I). Two species, GY11111orn1pillm dnopteris 
and Ca/amagrostis arundinacea, have a rather low turno
ver rate ( < 0.30). On the other hand there are eight species, 
including one bryophyte, Pleuro::.illm schreheri, with a 
high mobility (> 0.60). The most mobile species are the 
clonal Rlllms idaelts and Lamiastrwn galeobdo/011. Such 
wide ranges of mobility rates were also found in most other 
forest communities in the Moscow region. 

Discussion 

The horeo-nemoral (south taiga) old-growth forest com
munities in Russia and Sweden described here differ in 
several ways from the alvar grassland. They are known to 
be heterogeneous. i.e. both patchy and stratified. They are 
not grazed by cattle, but rootings of wild boar (Sus scro/11) 
create fine-scale disturbance both in the Moscow forests 
and Fiby. Most horeal forests suffer periodically from 
strong winds. Large canopy gaps formed by severe storms 
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Fig. 2. Phenomenological model of a 'complex carousel' in 
forest communities. Mobile species from the community spe
cies pool move around the entire community, local patch 
species may move within patches. The arrows indicate move
ments of species in space as well as changes in multi-species 
patch size. In the figure patch I increases: 'developing patch', 
patch 2 decreases: 'regressing patch', patch 3 does not change: 
'stable patch'. 

are found both in Fiby and the Moscow region. In contrast 
to grasslands, most of our forests are well supplied with 
water and are moderately rich in nutrients. Regarding 
species life forms, there are very few annual species in 
boreal forests, the only common ones being Melampyrum 
spp. In the Avenetum ca. 15 % of the species are annuals. 

Considering all these differences between species-rich 
grasslands and natural boreal forests we did expect that the 
carousel model in forests could face some problems. In
deed, in nearly all forest types, the small scale species 
accumulation proceeds much slower than in grassland. 
Where in the al var grassland the number of highly frequent 
species (with cumulative frequency > 80 % ) increased 
from 11 to 40 % after 5 yr, in Fiby forest there was an 
increase from O to 2.5 %. Such slower species accumula
tion could be partly explained by lower numbers of annuals 
and less frequent severe disturbances like drought. There is 
also a methodological difference between the two analy
ses: the basic subplots compared - IO cm x IO cm in the 
grassland and 20 cm x 20 cm in the forest - but this is 
compensated for by the usually larger size of plant shoots 
in forest communities. 

The following difference between forests and grasslands 
was found essential. Forest species may have a high turno
ver rate from year to year but a slow increase in cumulative 

frequency. This can hardly be explained by the 'simple 
carousel model'. When looking, for example, at Anemone 
nemorosa (Table I) a relatively fast increase in cumulative 
frequency during the first two years was followed by years 
of little (near to zero) change. A. nemorosa was one of the 
most mobile species in the Fiby spruce forest, and the low 
increase in cumulative frequency after two years of obser
vations could be explained by its limited distribution within 
the community in certain patches. Some species in the 
forests only move around in certain parts while other parts 
are not colonized. According to distribution maps, in the 
Fiby forest A. nemorosa could not reach the upper 'boreal' 
part of the slope dominated by Vaccinium myrtillus, 
Deschampsiaflexuosa and Hylocomium splendens. 

This means that in heterogeneous forest communities, a 
simple carousel model with only one large 'turnaround 
circle' is not realistic. As was already foreseen by van der 
Maarel & Sykes (1993) several circuits may exist in patchy 
plant communities, in relation to gap formation and recolo
nization, and also in relation to topographic variation. 
Moreover, there is clear temporal variation linked to patch 
dynamics. To extend the carousel model to forest commu
nities we suggest now the idea of a 'complex carousel 
model' with a community circuit and several patch circuits 
(Fig. 2). 

This model includes two types of dynamic processes. 
The first type is the single-species dynamics as described in 
the original carousel model. The second type is 'patch 
dynamics', including small-scale gap dynamics (see van 
der Maarel 1996). 

Species which a high dispersal capacity and broader 
range of habitats can move around the whole plot commu
nity at relatively high speed. They are the 'circulating' and/ 
or 'pulsating' species in the terminology of van der Maarel 
(1996) or the 'mobile species' according to Zobel et al. 
1998. Examples in the forests described here include 
Melampyrum spp., Pteridium aquilinum, Trientalis 
europaea, Luzula pilosa, where Melampyrum is a typical 
'circulating' and 'pulsating' species, while Pteridium 
aquilinum is only circulating - its fronds can spontane
ously arise at various places in the highly complex rhizome 
system (see Maslov 1989). 

A second type of species can move around in some of the 
patches and during part of the dynamic cycle. They are 
usually clonal species with limited vegetative spread. They 
could still, but more slowly, move around in the commu
nity as their particular patch type develops in other parts of 
the stand as a result of patch dynamics (Fig. 2). 

We intend to further develop and quantify the 'complex 
carousel' by characterizing patch structure through floristic 
classification and by calculating cumulative frequency and 
cumulative richness in separate patches. We also intend to 
apply it to other types of vegetation. 

Acknowledgements. This research was supported by grants 
from the Swedish Institute and the Russian Fund for Basic 
Research to A.A.M. and by grants from the Swedish Natural 
Sciences Research Council Royal and the Swedish Academy 
of Sciences to E.M. 

" 



- Limitations and extensions of the carousel model in boreal forest communities - 365 

References 

Corley, M.F.V., Crundwell, A.C., Dull, R., Hill, M.O. & Smith, 
A.J .E. 1981. Mosses of Europe and the Azores; an annotated 
list of species, with synonyms from the recent literature. 1. 
Bryol. 11: 609-689. 

Herben, T., Krahulec, F., Hadincova, V. & Kovafova, M. 1993. 
Small-scale spatial dynamics of plant species in a grassland 
community over six years. 1. Veg. Sci. 4: 171-178. 

Hytteborn, H., Liu, Q.-H. & Verwijst, T. 1991. Natural 
disturbance and gap dynamics in a Swedish boreal spruce 
forest. In: Nakagoshi, N. & Golley, F.B. (eds.) Coniferous 
forest ecology from an international perspective, pp. 93-
108. SPB Academic Publishing, The Hague. 

Maslov, A.A. 1989. Small-scale patterns of forest plants and 
environmental heterogeneity. Vegetatio. 84: 1-7. 

0kland, R.H. 1995. Persistence of vascular plants in a Norwegian 
boreal coniferous forest. Ecography 18: 3-14. 

Rusch, G. & van der Maarel, E. 1992. Species turnover and 
seedling recruitment in limestone grasslands. Oikos 63: 
139-146. 

Sernander, R. 1936. The primitive forests of Granskar and 
Fiby. A study of the part played by storm-gaps and dwarf 
trees in the regeneration of the Swedish spruce forest. Acta 
Phytogeogr. Suec. 8 (Swedish with English summary.) 

Sykes, M.T., van der Maarel, E., Peet, R.K. & Willems, J.H. 
1994. High species mobility in species-rich plant com
munities: an intercontinental comparison. Folia Geobot. 
Phytotcu:on. 29: 439-448. 

Tutin, T.G. et al. 1964-1980. Flora Europaea. Cambridge 
University Press, Cambridge. 

van der Maarel, E. 1996. Pattern and process in the plant 
community: Fifty years after A.S. Watt. 1. Veg. Sci. 7: I 9-
28. 

van der Maarel, E. & Sykes, M.T. 1993. Small-scale plant 
species turnover in a limestone grassland: the carousel 
model and some comments on the niche concept. 1. Veg. 
Sci. 4: 179-188. 

Zobel, M., van der Maarel, E. & Dupre, C. 1998. Species pool: 
the concept, its determination and significance for 
community restoration. Appl. Veg. Sci. I: 55-66. 



Proceedings IA VS Sn11posi11111, pp. 366-369, 2000 
<D IAVS; Op11!11s Press Uppsala. Primed in the UK 

Fine-scale coalition structure in 
Brachypodium grassland 

Viragh, K.*, Bartha, S. & Botta-Dukat, Z. 

Institute (ij' Ecology and Botany, Hungllrian Aclldemy of' 
Sciences. H-2163 Vcicrcit(Jt, Hungary; 
'Fax +36283601JO; E-mail 1'iragh@hotanika.hu 

Abstract. Previous landscape-scale studies found two charac
teristic species coalitions. a xcric and a mcsic one, in Brachy
podium pimwtum-dominated loess grasslands developing af
terdeforcstation in Hungary. Fine-scale patterns of interspecific 
associations were detected in various patch types (Forest type, 
Transitional-, and Steppe type) of these grasslands to test the 
self-similarity of vegetation pattern. i.e. whether the same 
coalitions appear at coarse and fine scales. Micro-maps of 
rooting individuals (or ramcts) of vascular plant species were 
recorded in 20 x 110 grids of contiguous 5 cm x 5 cm micro
quadrats. Spatial associations between species pairs were de
tected by information theory methods. Coalition structures 
were analysed by permutation tests. We found a tendency for 
self-similarity in the Transitional-, and the Steppe types. How
ever. constraints due to dominance and rarity, and the related 
vegetation patterns can mask the differentiation into xcric and 
mesic species groups at fine scales. 

Keywords: Information theory: Randomization test; Sclf
similarity; Spatial scaling; Species association; Xcromeso
philous grassland. 

Introduction 

Environmental patterns arc often of fractal nature, there
fore it is reasonable to expect that vegetation also has some 
fractal characteristics, i.e. self-similarity across scales. Such 
self-similar vegetation patterns were reported from tallgrass 
prairie (Collins & Glenn 1990) and from the ecotone be
tween short grass prairie and desert grassland (Gosz 1993 ). 
In Hungarian loess grasslands, the medium-scale differ
entiation, i.e. the existence of a patchwork with alternat
ing dominance of mcsic and xeric species groups was 
described by Z61yomi & Fekete ( 1994) and by Fekete et 
al. ( 1998). In the present paper. we will analyse the trends 
of differentiation (according to the moisture and light 
gradients) at finer scale. Coarser-scale vegetation pat
terns are often physiognomic and compositional struc
tures, which are relatively easy to detect and classify. 
When resolution is close to the size of individuals or 
ramets. the pattern becomes stochastic (van der Maarel & 
Sykes 1993 ), and we loose the ability of visual descrip
tion, and the background mechanisms become less obvi
ous. Because fine-scale patterns are non-physiognomic, 
we need to use spatial statistics to reveal the fine-scale 
patterns of coalitions. We will use spatial associations to 
detect these patterns. 

Our hypothesis is that the vegetation is self-similar, i.e. 
similar structures of mesic and xeric coalitions appear also 
at finer scales. If there is a fine-scale spatial differentiation 
between the xeric and mesic guilds, we expect more posi
tive and less negative associations within these guilds and 
more negative and less positive ones between them. 

Material and Methods 

The study site is situated in a landscape protection area in 
the northern part of Hungary, 25 km east of Budapest, 
within a hilly landscape at 200 - 300 m a.s.l. Mean annual 
temperature of the site is 9 · C and mean annual precipita
tion is about 600 mm. Transitional soil types between 
brown forest soil and chernozem on loess substrate arc 
typical here. The area was formerly covered by dry Quercus 
puhescens oakwood, which was cut in the early 1900s 
(Anon. 1883, 1943). However, deforestation was incom
plete and resulted in a heterogeneous mosaic of secondary 
successional habitats. The forest management activity 
stopped and the site has only occasionally been grazed 
since then. During a landscape-scale survey of the vegeta
tion (Fekete et al. 1998) some remnants of oakwood, 
shrubland, and a patchwork of various xero-mesophilous 
grasslands on the northeast slopes were found. The succcs
sional relations of grassland patches are complex, how
ever, there is a clear direction of differentiation from the 
xeromesophilous forest vegetation to the xcrophilous loess 
steppe vegetation (Yiragh & Bartha 1998). Three typical 
patch types (Forest type, Transitional-, and Steppe type) of 
Brachypodium pinnatum dominated grasslands were se
lected for the present study (Table I), 

Micro-maps of rooting individuals (or ramets) of vascu
lar plant species were recorded in 20 x 110 grids of contigu
ous 5 cm x 5 cm micro-quadrats in June, 1993. From the 
basic grid data, computerized samplings were carried out 
(Podani 1984, 1987). Because spatial associations are scale
dependent (Podani ct al. 1993 ), we surveyed four sampling 
unit sizes (5 cm x 5 cm, 5 cm x 10 cm, 5 cm x 15 cm. and 
5 cm x 20 cm) at fine scales. Due to the asymmetry of the 
field grids, elongated sampling units were used to decrease 
potential edge effects. Our methodological study showed 
that elongated quadrats can be appropriate for detecting 
interspecific associations (Bartha & Horvath 1987). Asso
ciations between two species were computed from a 2 x 2 
contingency table and they were expressed by their mutual 
information, l(A,B) (Juhasz-Nagy & Podani 1983 ). Sig
nificant associations were detected by Monte-Carlo 
randomization tests (Site-model; Watkins & Wilson 1992), 
randomizing the positions of individuals (presences) of 
species with the same frequency as in the field. Signifi
cance of observed value was calculated as the proportion of 
Monte-Carlo randomizations in which the random !(A.BJ 
is equal to or more extreme than the observed value. 2500 
randomizations were applied in each test. The signs of 
associations were detected from the observed frequen
cies of diagonal cellsofthe2x2contingencytables(Kershaw 
1964). To avoid artefacts due to rarity, species with 
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Table 1. Guilds and some textural attributes in three patch 
types of Brach\'fHHlium pi1111atwn grassland. 

Mesic guild: Brachypodium pi111wtwn, Betonica tdfh·ilwlis, Cwnpanula 
persicU(>lia. Chrysu11themum £'orymhosum, P11/11101wria 1110/lis, \!i?r011in1 
clwnwedrys, Viola hirto; 

Xeric guild: Achilleo 11a1111011ica, Adonis renwlis, Agrr>JJ_Yr<m repens, 
Astrc1galu.\ mwhry£·his, BothriOl'h/oa isclwemwn. Bromus ere£·tus. Care.r 
humili.\, Clu1nwecytisus austriacus. Chry.\tJJJtJgon gryl!us. Euphorhht 
pt111nonict1. Festuca rupicola, He/ianthemum ,,i·atum. Koe/eria cri.\taflt, 

Medicago f,ilrnta. Phleum t>hleoides. Thlaspi ja11kae, Thr11111.1 
pannonicus. Viola rupestris; 

Indifferent guild: Bri~.lt mediu, Care.r caryophyllea, Centuurea sud/erww, 
Fu/coria rulgaris, FilijH!llliu/a rulgari.\, Galium \·erum, Pimpincllll 
.,ax(fl·llga. Seseli w11wum. Silene rulgoris. Teucrium clumwedrys, 7/·i
j(J/iwn montanum. 

Type Forest- Transitional- Steppe-

Total species richness 50 60 53 
Number of frequent species: 

frequency ck > I 16 26 21 
% of total species number 

mesic species 62 52 32 
xeric species 25 46 54 
indifferent species 13 2 14 

Relative cover Cf<, 

mesic species 70.4 36.7 15.9 
xeric species 8 39.4 51.3 
indifferent species 21.6 24.9 32.8 

Three dominant grass species 
Relative cover 'k 

Bnu·hypodium pinnutum 66 35 14.9 
Festuca rupicola 3.6 19.7 38 
Bronw.\· erectu.\ 0 6.8 5.6 

Frequency 'If 
Bnu·hypodium pinnatum 79 63 52 
Festuca rupico/o 23 17.6 20 
Brom11s l'J~'l·tus 5.5 24.7 25 

frequencies less than I% were omitted from the analyses 
(T6thmercsz & Erdei 1992 ). Significant associations were 
evaluated with respect to species groups. Three groups of 
species, a ·mesic', a ·xeric', and an 'indifferent' group were 
defined based on the results of previous studies (Z6lyomi 
1967; Ellenberg 1991; Z6lyomi & Fekete 1994). All the 
three groups were analysed; however, we present here only 
the results concerning the mesic and xeric guilds. The 
mesic, shade-tolerant species and the xeric, light-demand
ing and drought-tolerant species are different in their re
source use, therefore we will call them 'guilds'. If abun
dances are concerned, the mesic and the xcric guilds form 
coalitions (patch types) at the landscape scale. However, 
the spatial differentiation is incomplete and tloristically 
both guilds are present in each patch type in varying 
proportions (Fekete et al. 1998). 

The graph of pairwise associations is often used to de
scribe the spatial structure of plant communities. However, 
only few attempts ( e.g. Yarranton 1973) have been made to 
statistically analyse a graph structure. In this paper, we test 
the separation of guilds in the graph by permutation tests. 
In each simulation step the guild membership array of 
species was randomly reaITanged (the size of guilds re
mained unchanged), and we calculated the expected fre
quencies of positive and negative associations within and 
between random guilds. (An exact test would be performed 
with generating all the possible combinations, but its number 

is usually too large,) The numbers of associations within 
guilds were not tested separately for the mcsic and xeric 
guilds, because they are not independent from each other. 
On the contrary. the number of artefacts would have in
creased. the test would have been too conservative, i.e. it 
would have rejected the null hypothesis less often than it 
should. 

The frequencies were compared to the frequencies of 
associations observed within guilds and between the origi
nal xeric and mesic guilds. Significance of an observed 
value was calculated as the proportion of randomizations in 
which the random value is equal to or more extreme than 
the observed value. One tail-test was done, IO 000 randomi
zations were used to detect the expected frequencies of 
associations. Randomization tests were performed for each 
quadrat size independently. 

Results 

A large number of significant spatial associations be
tween species was found for each vegetation type. The 
number of significant associations slightly increases with 
increasing plot size. The relative number of significant 
associations (p < 0.05 ). expressed as percentage of the 
maximum, s · (s - I )/2, where s is the number of species, 
varies between 7 and 21 % (Fig. I). The numbers of fre
quent species in the 55 m2 patches of the Forest-, Transi
tional-and Steppe types are 16, 26 and 21, respectively. 

Table 2 presents the results of the randomization tests of 
coalition structure, In previous studies (Podani et al. 1993; 
Bartha & Kertesz 1998 ), we found that the scale where an 
interspecific association appeared depends on the abun
dance and the intraspecific species pattern. In the present 
study, four sampling unit sizes were used from 5 cm x 5 cm 
to 5cm x 20cm, which is the range of the sizes of individual 
plants or ramets. By using multiple sampling unit sizes, we 
increased the probability of finding significant associa
tions. However, we do not think that the mechanisms that 
cause the vegetation differentiation at these scales will 
change considerably within this narrow range of scale. If 
the pattern of significant and non-significant values changes 
with scale, it is only due to the various abundances and 
various autocorrelations of species, Therefore, we accepted 
a significant deviation from random expectation if there 
was at least one quadrat size with significant value. Table 2 
shows that in cases where significant deviation appears at 
more than one scale, the sign of direction of differences 
remained consistent. 

The number of associations within- and between guilds 
is not significantly different from the random expectation 
in the Forest type. This contrasts with our self-similarity 
hypothesis. In the Transitional type, the number of positive 
associations within guilds and the number of negative 
associations between guilds are significantly higher than 
the random expectation, which supports our self-similarity 
hypothesis. Significantly more negative and significantly 
less positive associations were found between guilds than 
expected in the Steppe type. There was no significant 
difference in the number of associations within guilds. 
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Fig. 1. Number of significant associations as a function of 
scale. a. Number of significant associations (p < 0.05) de
tected in the three vegetation patch types of Brachypodiwn 
pinnatum grassland. b. Number of significant associations 
expressed as a percentage of maxima s · (s-1 )/2, wheres is the 
number of frequent species in each vegetation type. 

Discussion 

Our results show that the trend of the spatial differentia
tion of mesic and xeric species on microsites of different 
humidity and light conditions appears at fine-scales as 
well. However, other factors such as the relative abundance 
of guilds and the type of the vegetation patterns might mask 
this assembly rule (Bartha et al. 1995). 

If both guilds are abundant (e.g. in the Transitional type), 
we can find the mesic and xeric coalitions at fine scales. If 
the abundance of mesic and xeric guilds is considerably 
different (Table I), the number of significant associations 
decreases. Thus, the self-similarity can not be revealed. At 
an extreme situation the field number is O (that is the 
minimum value), but it can not be significant due to the 
skewness of the random distribution. We marked these 
cases in the table as non-tested ones. The species of the 
subordinated guild occupy the gaps in the matrix of domi
nant guild. When the gaps become smaller and smaller 
there is a local exclusion among the species of the subordi
nated guild that results in an interspecific spatial segrega
tion within guild, i.e. less positive and more negative 
associations within-guild than expected. Thus, more sig
nificant deviations from the random expectation were re
vealed between guilds than within guilds. The differences 
in the abundances of xeric and mesic species influenced the 
graph structure mainly in the Forest type and to a smaller 
degree, in the Steppe type, while in the Transitional type 
the results supported our self-similarity hypothesis, i.e. 
mesic and xeric guilds were separated at fine scales, simi
larly to the landscape scale pattern. 
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Table 2. Number of significant associations within and between guilds. Significant deviations from expected values:* ifp < 0.1 and 
** if p < 0. 05; Non-significant deviations: ns; Non-tested cases are marked by nt. 

Forest type Transitional type Steppe type 

Area of sampling units (m2) 0.0025 0.005 0.0075 0.01 0.0025 0.005 0.0075 0.01 0.0025 0.005 0.0075 0.01 

Between positive field 3 8 7 5 5 7 7 5 5 5 4 7 
xeric and random average 2.929 5.338 5.619 5.348 4.391 8.387 8.976 7.543 7.407 9.15 9.16 10.59 
mesic guilds H 

1
: random> field ns ns ns ns ns ns ns ns ns * ns 

negative field 0 0 I 0 I I 2 6 3 2 3 4 
random average 0.001 0 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
H 1: random< field nt nt ns ns ns ns ns ** ** ns nt 

Within xeric positive field 2 3 4 5 7 12 14 15 8 II II II 
and mesic random average 3.123 5.673 5.968 5.663 5.992 11.373 12.161 10.291 9.372 11.52 11.517 13.329 
guilds H 1: random< field ns ns ns ns ns ns ns * ns ns ns ns 

negative field 0 0 2 2 0 I 0 I 0 I I 4 
random average 0.282 0 1.136 1.121 0.541 0.535 1.076 3.517 1.094 1.091 1.441 2.874 
H 1: random > field nt nt nt nt nt nt nt ns nt nt nt ns 

Within xeric positive field 0 I 0 I 7 II 13 14 8 II II II 
guild negative field 0 0 I 2 0 0 0 I 0 I I 4 

Within mesic positive field 2 2 4 4 0 I I I 0 0 0 0 
guild negative field 0 0 I 0 0 I 0 0 0 0 0 0 
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Abstract. Ever since science and ethics became separated in 
the 17th century. ethical aspects have played a minor role in 
science and ethics did no longer have many contacts with 
(natural) science. However, the need for scientific field re
search brought disturbance to natural ecosystems and ethical 
aspects demanded more and more consideration in modern 
times, especially regarding socially relevant research (e.g. on 
conservation biology). adaptable to the local situation, attributes 
and idiosyncrasies and forcing science to think matters over 
regarding limits to liberty in scientific research and the interpre
tation and implementations of scientific results in society. 

Modern ethics are an instrument of power to clear the way 
for an attributive attitude. acknowledging the Kantian princi
ple of universality. 

For practical purposes liberty and responsibility in the three 
steps of scientific research are outlined, viz. in the frame of the 
scientific problem, in its methods but also in its results, in their 
publication and implementations. 

Keywords: Attributive attitude: Disturbance: Ethic compe
tence: Field research: Globalization; Kantian principle: Local 
idiosyncrasy: Sociology. 

"Libertv of man does not sig11iji' that he may do what he 
wants, but that he must not do what he does not want. " 
J .-J. Rousseau 

An introduction to responsibility and liberty 

"'Liberty signifies responsibility - that's why so many peo
ple arc afraid of it". There is quite a lot of truth in these 
words ofG.B. Shaw, a word touching even the author when 
putting down his talk. But what is hidden behind the 
expression 'liberty', and what do we imagine by the term 
'responsibility'? 'Liberty' has to be understood as a ra
tional action only and has to be demanded of all rational 
beings. In this sense it is not a simple basis for individuals 
and their personal wishes. Therefore 'liberty' signifies that 
I am free to handle or manipulate any item or situation 
without essentially disturbing the liberty of my neighbours. 

'Liberty' is only possible under the discipline of a func
tioning culture and society (Cramer I 989). 

'Responsibility' is more complex and needs an excursion 
into some more philosophical aspects. There is no collec
tive identical responsibility: it is based on more and better 
knowledge and position. Man's supremacy must be based 
on responsibility and this should have the advantage to be 
on the first place of all other human concessions and 
strategies in the wide field of conflicts between men and 

nature. Also, responsibility is based on moral insight and 
ethic competence (details in Kung 1998; Weischedel 1972; 
Durr, in Ruh 1997; Fraser-Darling 1986; Ruh 1990,1997; 
Jonas I 979). Sustainability in land use is man's duty, but it 
also guarantees his own survival. And right here we are in 
a dilemma: Since D. Hume's work philosophers distin
guish between 'science' and 'ethics'. Science assesses facts, 
'all that is', and ethic decides on ·what should be (done)'. 
Thus science disjoins principally facts and values (Morin 
1982; on the loss of nature in philosophy: see Drewermann 
1989). There is a certain blindness towards the effects of 
the scientists' results in our society, in their social and ethic 
implications in daily life, in the ways society will take up 
such results and assimilate them into daily needs and 
general outlook (on science and responsibility see e.g. 
Sitter 1986). At this point it is appropriate to compare 
Einstein and his reaction on the implementations and issues 
of atomic theory in war time.' 

There is no 'science and responsibility' to teach us. and 
there is no 'sociology of science' (Morin 1982). Thus there 
is no scientific approach to 'responsibility'. Furthermore, 
we have to avoid two illusions: there is no political con
science which is scientifically motivated, and there is no 
moral conscience whatsoever guaranteeing a happy end to 
any practical application of our results, considering all the 
reactions and feedbacks in our society. And there we are all 
faced by the paradox situation that more progress in scien
tific power in our technical culture is coupled with a 
growing weakness of the scientist in our society. The clash 
with decision-making politicians inhibits the scientist to 
assess the complexity between science and society, and in 
many cases forces one to avoid his intrinsic responsibilities 
(Morin 1982). Therefore the scientist is urged more and 
more to sense (instinctively'?) the ethic consequences of his 
activities. We are all obliged to judge the risks of our 
activities which lead to normative synthesis of values, 
carried by wisdom and the objective knowledge on man's 
capacities. At this place one should compare Aristotle who 
described affirmatively a philosopher having no social 
responsibility, seeking fulfilment in theoretical considera
tions, living in political abstinence~ which is comparable 
to the attitude of so many scientists of today. Here philoso
phy has failed (Arber, Public statement). 

The great lacks in bioethics or in the evaluation of 
biodiversity and species decline, or in biotechnology are 
quite manifest because hardly any philosopher touched the 
them (cf. Kung 1998; Ruh 1997; Arber, Public statement). 

At this point Kantian philosophy demands another atti
tude towards society (and nature; Westhoff 1983, 1985 ). 
With his 'Categoric Imperative' Kant urges all citizens to 
ponder over their attitude towards society (sec Schulte 
1996; Kung 1998): ''Act only on that maxim whereby you 
can at the same time will that it should become a universal 
law" (translation from Encyclopedia Brittanica). This is 
rather an expression of the conditions of rationality of 
conductance than that of its morality. But Kant puts much 
weight on the power of practical (common) sense and 
understanding: moral instincts and laws determine our will 
under absolutely neutral aspects having no inflictions with 
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sympathy. This trigger puts our intentions under the roof of 
law and order. Man should (still) be free to do his duties for 
their own sake, including for the sake of nature (details in 
Schulte 1996). 

Too much individualism may deteriorate a whole society 
- the same society that gives protection and the necessary 
freedom for the individual, conventions (as e.g. confi
dence) giving the final stability (Cramer 1989). 

Our scientific attitude under the moral laws 

The strength of this specific attitude that was shown 
above should not be much less against nature itself. We 
should respect the integrity of organisms, populations, and 
communities, be it analytical or experimental research (on 
man's attitude towards vegetation sec Westhoff 1983; on 
holism and reductionism see especially Looijen 1998; on 
man's behaviour see Ruh 1997). Much of our work is not 
touching the entity of an ecosystem as such, especially 
work with inventories, structure analysis, microclimate, 
plant communities, analysis of dispersal, mapping etc. In 
ecosystems analysis we try to assess reactions, feedbacks 
and fluxes in all compartments, considering the ecosystem 
as a network of interrelations: 'no stone is alone'. And we 
try to be as careful as possible with the soil compartment or 
in examining production. As a rule we do not dissect the 
system unnecessarily, we try not to produce artefacts in 
taking tits and bits of the system out of its context, and we 
arc aware that it is us producing limits or boundaries in a 
given area (Klotzli 1991, 1995). 

A self-chosen boundary signifies respect in front of a 
·free area' in nature, ergo an ethic limit (Westhoff 1983; sec 
also Ruh 1997, on 'Ehrfurcht' [awe. reverence] towards 
nature's structures). Other limits are systematic (too com
plicated to examine), technical, sociopoliticaL or financial, 
or even physical. driven by our inhibitions to disturb na
ture, cutting out parts of it or collecting organisms (unnec
essarily). 

True limits arise in manipulating with material alien to the 
ecosystems, as e.g. noxious or tracer substances, non-native 
organisms, or introducing artefacts of all kinds, except adapted 
or non-aggressive to the system. On the other hand, today's 
human impacts are comparable to extraterrestrial effects, 
man's brain is not apt to adjust to a transcendental adapta
tion, to sense the effects and the power of his influence on his 
own existence (Klotzli 1991, 1994a, b ). "'Man is slain by his 
own brain", often being stuck in his own unethic behaviour 
(Klotzli 1995). Moral behaviour and thinking demands tran
scendental directives and selective moral insight (Kling 1998; 
Arber, Public statement). 

Of course, in tackling questions such as carrying capa
city, -especially in our stressed forest ecosystems, - under
development, in succession etc. we may be forced to inves
tigate parts of the system - dissect it 1 - and put it under an 
artificial stressor. Again this is bearable when reactions of 
a given system have to be investigated, as e.g. regeneration, 
effects of buffer zones, reintroduction of eliminated or 
disappeared organisms, restoration of undesirable states 
etc. 

A further opening in our self-chosen limits are anthropo
genic ecosystems, of course, which are itself artefacts by 
definition, steered and managed by man. In such cases we 
already touch the aspects of economy and sociology. Mostly, 
such research is based from the beginning on intense con
tacts with landowners, tenants and politicians (Kli:itzli 1991: 
Anon. 1985; constraints and limits to agricultural use). 

In Table I my working group has tried to show the 
influence of liberty and responsibility on the three phases 
of ecological fieldwork. Be it during the initial phase when 
tackling a ·scientific problem' or in adjusting our ·meth
ods' or during the last phase when we are assessing our 
'results' or finishing discussions and papers we are con
fronted with constraints in our liberty and the wide frame of 
our responsibilities. 

Since modelling has become a common tool to assess the 
reactions of ecosystems. assumptions and results have to 
be corrected according to an analysis of the behaviour of 
such a system under stress. We know that many reactions 
arc often not foreseeable, including the presence/absence 
of many species which behave in an unpredictable way, 
often chaotic (in the physical sense), in most systems 
forcing us to extend such dynamic investigations to more 
than five, often more than IO years (Kli:itzli 1995). 

Our scientific attitude against society 

If society is involved in our investigations, be it politi
cally relevant or according to our own wish in a sociologi
cal context, we try to hang on to an interdisciplinary issue 
from the beginning, informing and engaging our counter
parts from the very start, be it in agro- or silvicultural 
systems, or in conservation areas. A society involved from 
the beginning will be more ready to accept the results of our 
findings and to lend a hand to the expected implementa
tions ('gerichtctc Forschung': it is relevant to practical 
issues, it touches parts of our society and it takes care of 
practical applications). 

Any researcher should take it as his/her duty to give as 

Table 1. Liberty versus responsibility in three phases of eco
logical field work. 
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Position in ~cientific community 

Choice 
Research programme 
Scientific interest 
Political limits 

Liberty to publish 
Interest of society 
Ways of presentation 
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Scientific cooperation 
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Needs I usefulness 
Efficiency 
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Auxiliary implications abuse 
Funds and time 
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Adaptation 
Care of public mentality 
Appropriate aims 

Consequences of research 
Attitude I honesty 
(Undesirable results'') 
Popularisation 
( Media, cooperation) 
Control of interpretation 
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much information as possible to the public - since mostly 
his grants come from public funds. And it also gives him/ 
her a chance to transmit ecological principles to society, 
sociopolitically and/or economically. As we all know these 
ecological principles are as a rule transferable, be it stabil
ity s.1., feedback, fluxes and cycles, diversity/diversifica
tion, use of energy, co-evolution, and based on these quali
fications, there is even a possibility for true sustainable 
development. However, the scientist often does not have 
much chance to follow that way, because society lacks the 
respective receptors, the personal antennas are not recep
tive or ready, and the will to learn about reactions and limits 
of complex systems and its implications under daily envi
ronmental conditions are not developed, and the full extent 
of the problem may even be not understood (Klotzli 1994 ). 
But often it is the scientist who is to blame. In a coat of 
'ethic innocence' one is not aware of the society's demands 
or even may be at enmity with science. 

People are confronted with an ever-changing 'new world' 
with a new environmental situation (on man's hegemonial 
demands; see Drewermann 1989). They would actually 
know their aims but do not know where they stand and which 
way to go (K16tzli 1991 ). General 'globalization' s.l. is 
invading and overlaying all local trends, which are actually 
better adapted to the local living conditions and accepted by 
tradition (see Beck 1997; Martin & Mann 1998). It is an 
unbreakable trend which will stop local trends and habits. It 
reminds me, by the way, of the more negative aspects of the 
'Green Revolution'. Decision makers and financing agen
cies made so far no distinction between local habits and the 
habits in their own mighty country. We should not repeat 
such mistakes, but we are on the way to do so. The 
'mighty countries' have their own optics as e.g. what is 
favourable in agriculture, in conservation practices or in 
scientific implementations, and they export it to countries 
not adapted as their own. And in doing so they forget the 
local ecological, economical and political structures which 
gave birth to local adaptations, pecularities, idiosyncra
sies, and also to local mentality, experience and their 
ways of fair play. Such attitudes, assumptions and trends 
should be re-examined. As there will always be favour
able and unfavourable areas on our globe (see e.g. 
Schellnhuber 1997) we should accept a multifaceted world 
and also a mosaic of globalized, unadapted and unhappy 
countries. Also amongst us there should be more sensibil
ity and sensitivity to other countries' differences. I guess 
the experience starts when listening to each other, and it 
continues when editing articles of compatriots ... 

Obviously, the only alternative is 'attribution': our brains 
must be aware of the intentions and ideas of our 'neigh
bours', and their wishes, knowledge, convictions, feelings 
and thoughts of progress. 

To sum up: To carry responsibility is not only an attitude 
we are forced to keep up towards our green world. We are 
also responsible to strengthen our liaisons between coun
tries and regions, and in order to integrate local knowledge 
too for the benefit of a global endeavour to guarantee as 
much (bio)diversity as possible in our unique world (on 
economical aspects see Binswanger 1991 and Studer 1996). 

The field ecologist - society and science 

What does society expect of our activities, of the ecolo
gist, of the field ecologist? Is it part of an Utopia in the 
sense of Campanella ('sun-republic') or Thomas Morus? 
Or is it part of a rough game in science policy, or a realistic 
part of daily life? What are the concrete aims, seen from the 
applied side? (On processes in society see e.g. Kloti 1991.) 

Normally, society is not aware of their field ecologists, 
they are 'cryptic people', not like popstars or football 
teams, models or certain politicians. However, society 
expects results from the ecologist, since it is aware of a 
changing environment, confronted with a general eutro
phication, oil spills, or - more modern - 'Global change'. 
Ecology is a sort of a medicine for many. But society is not 
prepared to believe e.g. that ecologists might have a con
siderable effect on the maintenance of their landscape. The 
question is: 'Where is his sociopolitical position, where 
may the ecologist be seen?' 

The active field ecologist is more confronted with local 
or regional, much less with global problems. Working with 
public funds one has to consider the sociopolitical environ
ment. Therefore one is also familiar, as we have seen above 
- with the attitudes and expectations of the farmer, the 
forester, the engineer and partly the economist and certain 
important politicians, trying to appreciate the implications 
of the 'green branches' in practical life, while the ecologist 
tries to go beyond his/her field in applied science in order to 
reach society, trying hard to make him/herself understand
able. With that in mind, one cannot avoid thinking the 
political ways, searching to implement his/her findings, 
often misunderstood and pressed by uncertainties and po
litical intrigues. That is where one has to bring in responsi
bility and honesty towards society and its needs. Besides 
these relations one needs to know more how, where and by 
whom decisions are taken and who is responsible. Only 
then can one try to learn the specific 'dialects' of decision 
makers of different background. Is that the start of an Uto
pia? In the typical Renaissance utopies there is a general 
tendency to put social and political situations under ethic 
constraints. Therefore man is confronted with a decrease in 
liberty - politically spoken. Nowadays, ethic commissions 
are installed to control the effects of research data which 
might have impact on political structures or provoke danger
ous situations on political thresholds. 

Transmitted into our modern research situations, and, 
consequently considering the question of responsibility 
in society and science, the scientist should know how to 
play his instruments in the wide open field of liberty and 
responsibility keeping in mind to contribute to the educa
tion of his society. One may not delegate responsibility to 
any superior body, it must remain an integrative part of 
the individual. Such considerations are enabling the birth 
of a unit of responsible beings, which are independent of 
any obscure theoretician or single decision makers. Glo
bal ethics must grow out of each of us knowing to belong 
to our global ecosystem and ready to be responsible and 
to take over the necessary responsibilities (Mislin 1973; 
Sitter 1985). 
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With this attitude we approach the last goal we all 
acknowledge, that is the maintenance of environmental 
conditions worth living. 

Back to society: Underthe given circumstances we should 
hold ourselves back and be free to accept a scientific 
activity, keeping us responsible, liberal and communica
tive on the way to more wisdom. We should be aware of our 
seltborn wisdom - to overcome the schisms between the 
world of meditation and the world of science, the best 
service we can offer to society. 

A few conclusions for scientific society 

The scientific community has its liberties and responsi
bilities in the frame of society and citizenship and the 
global situation. Results may be presented not only along 
the normal scientific pathways. They may also be put in a 
context where scientists may be urged to think about their 
social and political, human and ethic implications and 
repercussions. In other words: A field ecologist may be 
forced to submit the political aspects of his/her results in a 
clear and understandable language. Any scientist in such a 
situation has to be able to express himself on the political 
glacis as well, although there are a lot of incompatibilities 
between science, society and the statesman's or govern
ments' political attitudes. 

At any rate, a scientist has to be aware that his interests 
are embedded in a functioning society and that his attitude 
must be attributive (i.e. to be able to sense the other 
peoples' intentions, desires etc.). Therefore true scientific 
responsibility is based on the Kantian principle of univer
sality ('categoric imperative') and not on the utilitarians' 
selfishness on the expense of the community. This princi
ple could be the basis of planetary responsibility and an 
appropriate mentality avoiding the ethics of pure success, 
to be able to forecast sense and the implications of any 
activity. Humanity would be united into a true community 
of responsible people, engaged in future events and with 
respect for nature. In that context ethics are an instrument 
of power for the scientist, the citizen and society, forming 
an adaptive community of responsible and free human 
beings. 

References 

Anon. 1981. Beachtung bkologischer Grenzen bei der Land
bewirtschaftung. Ber. Landw.sch. NF 197 (Sonderheft). 
Parey, Hamburg/Berlin. 

Arber, W. 1998. Wieso braucht cin Naturwissenschaftler die 
Geisterwissenschaftler, Herr Abrer'? (Interview 0. Klaffke ). 
Futura 1998 (2), 17-19. 

Beck, U. 1997. Was ist Globalisierung 7 Suhrkamp, Frankfurt. 
Binswanger. H.Ch. 1991. Geld und Natur. Das wirtschaftliche 

Wachstum zwisclzen Okonomie und Okologie. Weitbrecht, 
Stuttgart/Wien. 

Cramer, F. 1989. Chaos und Ordnung. Die komplexe Struktur 
des Lebendigen. 3. Autl. (I. Autl. 1981 ). OVA, Stuttgart. 

Drewermann, E. 1989. Der tiidliche Fortschritt. Von cler 
Zerstiirung der Ercle uncl des Menschen im Erhe des 

Christentums. 5.Autl. ( 1.Aufl 1981 ). F. Pustet, Regensburg. 
Fraser-Darling, F. 1986. Die Verantwortung des Menschen fiir 

seine Umwelt. In: Birnbacher, D. (ed.) Okologie uncl Ethik. 
2. erg. Aull. Reclam, Stuttgart. 

Jonas, H. 1979. Das Prin;:,ip Veralltwortung. Versuch einer 
Etlzikfiirdie Technologie cler Zivilisation. lnsel, Frankfurt. 

Kloti, U. 1991. Was sollen wiriiberunsereGesellschaftwisscn'1 

In: Sympos. Konf. Schweiz. Wiss. Akad. (CASS) Freiheit 
und Verantwortung in der Forschung, pp. 75-85. Wissen
schaftspolitik Bern Bh. 52. 

Klotzli, F. 1991. Wo liegen die Freiheiten und Grenzen in der 
okologischen Forschung? In: Sympos. Konf. Schweiz. 
Wiss. Akad. (CASS) Freiheit und Verantwortung in cler 
Forschung, pp. 37-40. Wissenschaftspolitik Bern Bh. 52. 

Klotzli, F. 1994. Grenzen okologischer Freiraume. Wasser
wirtschaft 84: 378-380. 

Klotzli, F. 1995. Giving the power of nature an adaptive hand 
of culture. In: Sitter-Liver, B. & B. (eds.) Culture within 
nature, pp. 37-39. Unesco, SANW, Bern. 

Kung, H. 1998. Weltethosfur Weltpolitik und Weltwirtschaft. 3. 
Autl. (I. Aull. 1990). Piper, Miinchen. 

Looijen, R.Ch. 1998. Ho/ism and reductionism in biology and 
ecology. The mutual dependence of higher and lower level 
researchprogrammes. Dissertation UniversityofGroningen. 

Martin, H.P. & Schumann, H. 1998. Die Globalisierungsfalle. 
16. Aufl. Rowohlt, Reinbek. 

Mislin, F. 1973. Zerstorung des Lebensraumes und Umwelt
verantwortung. In: Lcibundgut, H. (ed.) Schutz unseres 
Lebensraumes. Sympos. ETHZ, Nov. 1970, pp. 19-27. 
Huber, Frauenfeld/Stuttgart. 

Morin, E. 1982. Science avec conscience. Fayard, Paris. 
Ruh, H. 1990. Argument Ethik, Wirtschaft, Okologie, Medizin, 

Politik. 3. Aufl. Theolog. V., Zurich. 
Ruh, H. 1997. Stiiifall Mensch: Wege aus der bkologischen 

Krise. 2. korr. Aufl. (I. Aull. 1995). Kaiser, Gutersloh. 
Schellnhuber, H.-J. 1997. Syndromes of Global Change. Gaia 

6: 19-34. 
Schulte, G. 1996. Kant. In: Slotterdijk, P. (ed.) Philosophie 

jet:t! Diederichs, Miinchen. 
Sitter. B. (ed.) 1985. Wissenschajt in der Verantwortung. Ana

lysen und Forderungen. Sympos. JV SNG, Biel. P. Haupt, 
Bern. 

Studer, H.-P. 1996. Wirtschaften im Einklang mit der Naturund 
mit uns selbst. Ber. ANL 20: 49-60. 

Weischedel, W. 1972. Das Wesen der Verantwortung. Ein 
Versuch. 3. Aufl. Klostermann, Frankfurt. 

Westhoff, V. 1983. Man's attitude towards vegetation. In: 
Holzner, W., Werger, M.J.A. & Heusima, I. (eds.) Man~
impact on vegetation, pp. 7-24. Junk, The Hague. 

Westhoff, V. 1985. De verantwoordelijkheid van de mens 
jegens de natuur. In: van Kappen, K. et al. (eds.) Natuuren 
mens, visie op natuurbeheer vanuit levensbeschouwing, 
wetenschap en politiek. pp. 4-22. PUDOC, Wageningen. 

Wilson. E.O. 1998. Consilience: the unity of knowledge. 
Knopf, New York, NY. 

"Liberty signifies responsibility, that's why so many people 
are afraid of it. " 
G.B. Shaw 



Proceedings IA VS Srn1fJosi11111. p. 374. 2000 
([) IA VS; Op11/11.1 Press llf'f'.w!II. Printed in the UK 

Author Index 

Note: The complete Volume, including full texts, contents, searchable titles, authors, keywords and abstracts is freely available on 
the Internet in electronic form at: www.opuluspress.se 

Aegerter. E. .n Glenn-Lewin, D. 113 Lykke, A.M. 246 Romane. F. 51 

Allen, R.B. 84 Gondanl, H. 51 Magel, Y. 296 Roo-Zieli1iska, E. 180 

Arevalo. J.R. 47, 87, 104 Goodyear, J. 28.1 Makarov. M.l. 18 R<.lttgcrmann. M. 342 

Aronson. J. 51 Graae, B.J. 142 Mark, S. 15.1, 160 Ruhio,A. 227 

A1·is,A.M. 35 Grandjanny, M. 51 Marrs, R.H. 39,59 Rusi11ska. A. 191 

Balccrkiewicz, S. 191 Grillo, M. 211 Maslov, A. .162 Safronova. l.N. 122 

Barhour, M. 113 Haase. P. .113 McAlister, S . 47. 104 Salmina. L. 30.1 
Bartha, S. 55.366 Hada, Y. 90 McQuistan. C. 264 Samuels. R. 345 

Beicrkuhnlcin, C. 5 Hadincod, Y. ,n Mcgurn, S. 250 Savcliev. A.A. 176 

Bellingham, PJ. 84 Hara, T. .122 Mitchell, R.J . .19 Scholte, S. 259 

Blackstock. T.H. 150 Herhen. T. 322 Mitka, J. 146 Schi.it1, M. 187 

Botta-Duk:it, Z. 366 Hermy. M. .158 Miyawaki, A . 250 Sharp. A. 264 

Box, E.O. 308 Hill, B. 270 Mohd Zaki. H. 252 Shurkey, R. 295 

Brakenhielm, S. 6.1 Hong, S.-K. 99. 231 Moon, J.-S. 99,231 Skalova. H. 322 

Brandl. R. 224 Honnay. 0. .158 Mucina, L. 125 Sliva, J. 283 

Brandle. M. 224 Hiircher, U. 4.1 Mucller-Domhois. D. 204 Smirnova. 0. Y. 108 

Bredenkamp, G.J. 125.219 lstomina. I.I. 108 Mukharamova, S.S. 176 Soldaat. L. 335 

Britton, A.J. 59 Jandt, L'. 117 Munoz Reinoso. J.C. 16..\ Stevens. D.P. 150 

Bruclheidc. H. 268 Jankowska-Blas1c1uk, M. 95 Nakagoshi, N. 264 Suzuki. J. 322 

Br1cg.A. 191 Johnson. S.W. .19 Nakhutsrishvili, G . 215 Svavarsd()ttir, K. 2.14 

Bujakicwicz, A. 191 Jutila h. Erkkila. H.M. 275 Neuhaus. R. 43 s,wed. w. 191 

Cahido. M. 133 Kailov:i. J. 71 Ngairoruc. B.T 345 Thompson. C.H. 21 

Cadenasso. M.L. 55 Kapofi. I. 345 Nieva, F.J.J. 67 Titlyanova. A.A. 279 

Carey. P.D. 59 Karamata. J. 345 Ofran, Y. .145 Toholcwski. Z. (·:·1 191 

Castellanos, E.M. 67 . .126 KasprowiCJ. M. 191 Olano, J.M. 168 Towpas1. K. 146 

Castillo. J.M. 67,326 Keller. W. 187 Ollcy, J. 21 Toyohara. G. 90 

Cilliers, S.S 219 Kesel. R. 287 Olwig-Whittaker. L. 295 Trepcl. M. 299 

DeCoster. J.K. 47, 104 Khanina. L.G. 108 Ol\·cra Vargas. M. 208 Ulanova. N.G. 80 

del Moral. R. 196 Kim, J.-E. 99. 2.12 Onipchenko, VG. 18 Ulrey. C.J. 24 

Denslow. J .S. 2.18 Kirhy. K.J. .12 Oscicar. C. 168 Urhan, K. 287 

Deutschliinder. M.S. 125 Klimes. L. 317 Ourcival. J.M. 271 ,·an der Maarel. E. 18,.162 

Dicrschke, H. 9 Klimesova, J. .117 Pakeman. R.J . 59 Yasiliev. S.Y. 18.1 

Dier/.\cn. K. 43 Kliit1li. F. .170 Palmer, M.W. 47. 104 Yctaas. O.R. 28 

Donc,ar. M. 168 Kosykh. N.P. 279 Panufnik. D. .1.18 Vir.igh, K. 366 

Dutoit, T. 271 Kotanska. M. 146 Parshutina. L. P. 172 Walker. J. 21 

D1w,rnko. Z. 138 Krahulec. F. 322 Pci:hackova, S. .122 Ward. D. 345 

Escudero. A. 227 Kuhn. G. 292 Peralta. J. 168 Wentworth. TR. 24 

Fern:indC1-Palacios. J.M. 87 Kwiatkowska, A.J. 3.18 Petr,,, M. .1.10 Wildi,0. 187 

Ferrari, C. 199 Latham, J. 150 Pe11i. G. 199 Winterhach, R. 125 

Figueroa. M.E. 67,.126 Lawesson. J.E. 15.1, 160 PJ'adenhauer, J. 292 Wiser. S.K. 84 

Figueroa-Rangel. B.L. 208 Le Due. M.G. .19 Pickett. S.T.A . 55 Wohlgemuth, T. 187 

Fren,el. M. 224 Lee, C.-S. 99,2.11 Pillar, Y.D. 256 . .15.1 Wojterska. H. 191 

Friedman. D. 295 Leon de la Lui. J.L. 156 Pokorny. P. .117 Wojterska. M. 191 

Fujihara. M. 90 Leps. J. 3.10 Poli Marchese, E. 211 Wojterski. T. ( t 1 191 

Fujiwara. K. 252 Lorenz. H. .1.15 Portanova. A . 199 Wolfram. Ch. 43 

Gagnidtc, R. 215 Loren1en, D. 43 Quadros. F.D. 256 Yurkovskaya. T. 130 

Garcia Novo, F. 164 Losier, S. 1.18 Reddell. P. 21 Zagidullina, A.T. .149 

Gavil:in. R.G. 227 Loucks, 0. 11.1 Redzic. s. 76 Zak, M.R. 1.1.1 

Gerhaud. E. 271 Luhke. R.A. .15 Risen, C. 299 Zaugol"nova, L.B. 108 

Gerhardt. K. 24.1 Lu4ue. C.J. 67,326 Roche, P. 271 Za,anashvili, N. 215 

Gimingham, C.H. 14 Lustc,ynski, J. 191 Rog ova. T. V. 176 


	1-8
	9-50
	50-100
	100-150
	150-200
	200-250
	250-300
	end

