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SERIES EDITOR’S PREFACE

The Handbook of Vegetation Science is growing. After the first volumes
under my editorship have appeared the interest of the scientific community
has been revived and many new volume editors have started their work.
The present volume was jointly designed by Drs. J. White and W. Beeftink.
Due to unforseen developments Dr. White signs now as the sole editor.

The development of this volume within the series had a special history
as Dr. White points out in his preface. Adding to this I need only to state
that I found it essential to include the topic of this volume into a Hand-
book of Vegetation Science. It was included therefore in my first revised
list of topics to be included in the Handbook when I took over from
Dr. Tiixen.

It is a great pleasure for me to see this volume appear. Having read
through the many contributions to this volume I can certainly congratu-
late Drs. White and Beeftink for their success in generating so much
interest in this volume among their colleagues. The cooperation on this
volume is for me the first sign that the new concept of the Handbook has
been understood by the generation of scientists which I have to address.
The influence this volume will have on the field of plant population studies
only time can tell. It appears to me, however, that this volume will become
a standard resource for some future.

Dr. White asked me to have this volume dedicated to Dr. Rabotnov.
This honor given to Dr. Rabotnov is equally strong supported by me. I
learned of Dr. Rabotnov’s work while I worked as an assistant to
Dr. Walter in Hohenheim. Dr. Walter had always close contact to con-
temporary Russian colleagues and his scientific correspondence with
Dr. Rabotnov was intensive, indeed.

Finally I thank everybody who has contributed to this volume, especially
Dr. White for carrying the editorial work through to final success and
wish this volume a full acceptance in our scientific community.

Osnabriick, October 1984 H. LIETH



FOREWORD

During a visit to Reinhold Tiixen in July 1975 on my way to the Botanical
Congress in Leningrad, I expressed my surprise to him that the outline for
a comprehensive series of Handbooks on Vegetation Science which he had
initiated had no provision for plant population biology. He at once
suggested that I undertake to remedy the omission and begin by sending
him a manuscript for Excerpta Botanica listing all the studies on plant
populations undertaken in natural vegetation. I did neither during his
lifetime, but this Handbook makes good the commitment he sought of me;
I am happy that his successor as editor-in-chief of this series, Helmut
Lieth, has given me the opportunity to do so. I have incorporated into it
the second part of Tiixen’s request, insofar as I have tried to collate a
substantial number of studies concerning the census of plants in vegeta-
tion, at least until 1970; I have not attempted to emulate T.A. Rabotnov’s
remarkable catalogue of coenopopulation studies from the Soviet Union
in Excerpta Botanica for 1980 and 1981. I feel that Tiixen would have been
happy to see in this Handbook another strand being woven into the woof
and warp of his own rich tapestry of vegetation science. I wish here first
to acknowledge Tiixen’s influence as a teacher; this was largely channelled
to me, but with similar fervour and stimulus, by John Moore.

A few days after that meeting with Tiixen, I was cordially greeted in
Moscow by T.A. Rabotnov, whose publications I had come to know in
1969. More than any other geobotanist at the time his researches com-
bined the approaches to vegetation analysis with which this present Hand-
book is concerned — the demography of plants in natural vegetation.
Although his work was already widely emulated in the Soviet Union by
1970, it has only more recently received widespread international recog-
nition. It is a great pleasure to be able to dedicate this Handbook to him
in his eightieth year, as a token in recognition of his considerable contribu-
tion to its subject matter. His important role as a conductor of ecological
ideas from abroad to his Soviet colleagues (Botaniska Zhurnal 60(9), 1975)
is echoed in his many contributions in the English-language to those who
might otherwise be unaware of Soviet researches; he has, for example,
contributed to 4 of the 7 published volumes of this Handbook series.

When I decided to attempt the compilation of a series of studies on the



XII

population structure of vegetation, I received ready encouragement from
several colleagues. Conceived in 1975 with some urging from R. Tiixen
and nurtured by practical examples from the Soviet Union, the develop-
ment of the project has been rather slow, however. Participants were
gradually enlisted by a commitment more definite than words of support.
Many have been able eventually to meet it by written essays: I am extremely
grateful to them and particularly to those whose manuscripts were among
the first to arrive for their patience in seeing them published.

At a crucial stage in the planning in 1979 Dr. W.G. Beeftink accepted
an active role in editorial matters. He was responsible for negotiations with
our publisher to accept the project in the Handbook of Vegetation Science
series, and with some subsequent matters which then arose on the com-
position of the book. As manuscripts began to arrive in 1982 the process
‘of editing them to achieve the (somewhat idealistic) goals we had set
ourselves began. I wish to record my appreciation of his assistance,
especially during an intensive two-week period at the Delta Instituut,
Yerseke and in Middelburg during August 1983, when several aspects of
editorial policy were determined. This was possible in a most congenial
and stimulating atmosphere; the contributions of Jeanne Beeftink and of
Ad and Loekie Huiskes to this happy period are also gratefully acknow-
ledged. His active field research programme and administrative respon-
sibilities curtailed his planned involvement in this Handbook, much to my
regret. He had been able to undertake the primary editing of several
manuscripts and has given valuable advice on some others. I am very
grateful for his help.

J. WHITE
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THE POPULATION STRUCTURE OF VEGETATION

JAMES WHITE

INTRODUCTION

The primary purpose of this Handbook is to urge the complementarity of
demographic and sociological approaches to vegetation science. This was
suggested by A.S. Watt (1964) some twenty years ago, but his plea fell on
deaf ears. Why is such advocacy necessary? Eighty years ago Frederic
Clements in the first American textbook of ecology (Research Methods in
Plant Ecology, 1905) wrote of the need for exact methods of vegetation
analysis: he extolled the value of the quadrat which he had lately intro-
duced with Roscoe Pound. He used it to list the plant species in a small,
representative sample of vegetation and to provide a numerical estimate
of their abundance, either absolutely or relatively. The ‘list quadrat’,
so-called, allowed ‘the determination of the greatest variable in vegetation,
namely number’. But this was to be augmented, he urged, by the ‘chart
quadrat’, to indicate the areal extent of each species and to ‘furnish a
valuable check upon mere number’. Ideally, in Clements’ view, list and
chart quadrats should be permanent, that is, located in a fixed position
and revisited regularly, to follow processes of migration, succession and
competition in careful detail. These simple techniques, prescriptive in
Clements’ opinion for accurate vegetation analysis, have underlain two of
the major strands in vegetation science which are brought together in this
Handbook, plant sociology and plant demography. Both are concerned
with sampling vegetation to abstract coherent generalizations about the
dynamic behaviour and interrelationships of species: the diversity of
life-history phenomena, the manner of organization of different species
into assemblages which we refer to as communities. But how rarely (e.g.,
Watt 1955) have these strands interacted with each other during the
development of geobotany!

Species lists in quadrats of defined size coupled with some quasi-
quantitative estimates of their abundance have been given the special
names of relevés or Aufnahmen by phytosociologists, which serve almost
to distinguish them as a special type of quadrat sampling. The tabulation
and rearrangement of such relevés and comparison of the resultant
abstracted tables constitute a large part of phytosociology. While there is

White, J. (ed.), The Population Structure of Vegetation.
W) 1985, Dr W. Junk Publishers, Dordrecht. ISBN 978-94-010-8927-2



now an international system of vegetation units as the product of several
decades of intensive research, the demographic attributes of the con-
stituent plant species have played a minor role in this process. Only some
rather general life-history features (annual vs. perennial, herb vs. shrub vs.
tree) are usually considered in the synsystematic arrangement of vegeta-
tion types. Disproportionately less attention has been devoted by geo-
botanists to the life cycle and population biology of species than to their
assembly into communities, notwithstanding that a knowledge of the
demographic properties of species is essential for a full understanding of
community composition and dynamics.

On the other hand, records obtained from quadrats by precise enumera-
tion or charting of individuals have been used to make generalisations
about the population biology and life history of separate plant species.
There has been little evidence to date of attempts by plant demographers
to integrate such data into the community matrix from which they have
been derived. It is perhaps understandable why this has been so, since, as
will be outlined in the third chapter of the Handbook, the census of plants
in vegetation has been conducted fitfully until recent times. Only in the
past two decades have sufficient numbers of studies been published to
enable us to appreciate the range and diversity of demographic pheno-
mena in plants. It seems to me that the time has come to indicate that the
separation between investigations of the demography and sociology of
plants in natural vegetation is artificial, unnecessary and undesirable. A
change in the detail or scale of quantitative recording of even the same
quadrat has long been associated with quite different sorts of subsequent
analyses, either sociological or demographic. Relative generality and rela-
tive precision in sampling have characterised (albeit somewhat crudely, I
acknowledge) a polarity between plant sociology and plant demography.
In principle, it seems to me, there is no barrier whatsoever to the conduct
of both levels of vegetation analysis concomitantly.

THE NATURE OF VEGETATION: HISTORICAL PERSPECTIVE

The origins of this dichotomy lie in a long-standing debate about the
nature of vegetation, this in turn has deeper philosophical roots. I shall
outline both briefly, since they seem to have an abiding influence to our
own time (Harper 1977a, 1982, McIntosh 1980, Richardson 1980). In the
same textbook (Research Methods in Plant Ecology) which was so inspira-
tional in its practical techniques for early plant ecologists, Clements also
introduced his philosophical notion of vegetation as an organism. The
essence of this view was that populations of individual species in nature are
assembled into a well-defined and closely integrated ecological com-
munity. This found its mature expression in his remarkable Plant Suc-
cession (1916) and forthwith drew the celebrated response of H.A. Gleason
(1917):

Vegetation, in its broader aspects, is composed of a number of plant

individuals. The development and maintenance of vegetation is



therefore merely the resultant of the development and maintenance of
the component individuals, and is favoured, modified, retarded, or
inhibited by all causes which influence the component plants. According
to this view, the phenomena of vegetation depend completely upon the
phenomena of the individual. It is in sharp contrast with the view of
Clements that the unit of vegetation is an organism, which exhibits a
series of functions distinct from those of the individual and within which
the individual plants play a part as subsidiary to the whole as that of a
single tracheid within a tree . . . . Certain common phenomena of the
plant individual, namely, migration of germules, germination and
growth, when performed en masse by numerous individuals, may
produce visible effects which are worthy of special study and which
demand a special terminology. Among these effects may be mentioned
the structure of the plant association and of the subsidiary assemblages
of plants within it, its space relation to neighbouring associations, its
development, and its ultimate disappearance.

It would be unmindful to neglect Clements’ own appreciation of the
significance of the population biology of species for interpreting com-
munity patterns and processes; as the third chapter of this Handbook
attempts to illustrate, he fostered plant censusing actively for several
years. But undoubtedly his name among professional ecologists came to
be associated with a holistic philosophy of vegetation which devoted more
attention to the ensemble characteristics of communities than to those of
populations of separate constituent species. This holistic view has
remained popular to the present time, as the extensive use of ecosystem
approaches to natural communities attests.

Gleason’s antithesis with its emphasis on individuals or populations as
the constitutive elements and determinative forces of vegetation leads
naturally and more easily to demographic concepts. Curiously, Gleason
sustained his argument (1917, 1926, 1939) by attacking Clements’ theor-
etical writings, but neglected the relevance and importance of Clements’
own census researches, which were far more extensive and detailed than
any he ever conducted himself. In England Clements’ great admirer A.G.
Tansley, while not wholeheartedly espousing an organismic analogy of
vegetation, was more holistic than reductionist in his philosophy of
nature: the use of the ecosystem concept owes much to him (Tansley 1935).
The debate seems never to have been as sharp in England as in North
America, but one can also identify in the philosophy and practice of
E.J. Salisbury the same antipathy expressed by Gleason. Indeed, unlike
Gleason who actually wrote relatively little on plant ecology (McIntosh
1975), Salisbury stands as one of the outstanding figures of plant popu-
lation biology, years ‘ahead of his time’ in many respects (Jackson 1981):
his knowledge of the demographic properties of plants, expressed in
numerous publications (e.g., Salisbury 1929, 1942, 1952, 1961, 1970, to
cite only a handful), was probably unrivalled for many years. There is little
published evidence during the period 1930-1970 that they were emulated
or even appreciated by his contemporary plant ecologists.

The protracted debate on the nature of vegetation and the most suitable



means of studying it is usually characterised as between Clements and
Gleason; perhaps it might also be personalised in other ways such as
Tansley-Salisbury, though I know of no published polemic between them.
There is little evidence of the debate being conducted in continental
Europe in similar terms, where there seems to have been an overwhelming
acceptance of a community-based system of vegetation analysis, even
allowing for some regional variants in the methodology of sampling and
synthesis (Whittaker 1962). Braun-Blanquet (1928, 1951, 1964) followed
Clements’ holistic philosophy and this has been transmitted to modern
times in almost metaphysical terms by Tiixen in his remarkable ‘seven laws
of coexistence’ (Tiixen 1977). The major debate among continental ecol-
ogists centred on the relative significance of descriptive phytosociology
and of physiological experimentation for vegetation science. Demographic
concepts which were focussed on populations of single species played little
part in the discussion; even today, as Wilmanns suggests in her chapter
here, plant demography is underdeveloped among geobotanists in con-
tinental Europe.

The origins of the controversy have, however, a greater antiquity; but
these nonetheless seem to maintain a contemporary relevance. The belief
that the integrated plant community has an ontological reality as a unit
beyond the individual plant can be traced to the nineteenth century plant
geographers von Humboldt, Grisebach and Drude. Tobey (1981) has
argued in an informative historical analysis that this ‘idealistic’ philosophy
of vegetation, as he refers to it, was derived from Kant in philosophical
terms. He counterposes this with a view of nature characterised as ‘realis-
tic naturalism’. Its principal exponent for natural vegetation was the plant
geographer Alphonse de Candolle: the individual plant and its relation to
habitat was the focus of his discourse, conducted in quite mechanistic
terms. Only the individual had ontological reality. Darwin was, of course,
the most influential exponent of realistic naturalism in biology: he too
applied it to vegetation, quite explicitly in Chapter 3 of On the Origin of
Species. His view of nature was, as Tobey (1981) has shown, transmitted
to Warming, widely acknowledged as a founder of scientific plant ecology,
through the influence of Négeli at Miinich in the 1870s. Warming became
an ardent advocate of the Darwinian interpretation of natural pheno-
mena: the 1896 German edition of his famous textbook of plant ecology
was rigorously reductionist in a Darwinian (or de Candollean) sense.
Warming did not believe that plant communities had supra-organismic
mechanisms of their own which enabled them to interact with each other:
the interactions between individuals in populations were the causes of
community change. This edition influenced Cowles and his colleagues at
Chicago, whence came the major source of the alternative paradigm to
Clements’ in the development of plant ecology in North America (Tobey
1981). The English language edition of Warming’s textbook (1909) incor-
porated some of the new terminology of plant ecology which had been
invented by Clements; this, in Tobey’s view, ‘imparted to it a faint flavor
of teleology’.

By the turn of the century, therefore, the two distinct approaches to
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geobotany which characterise in various degrees a philosophical dicho-
tomy among vegetation scientists to the present day, were well established.
For convenience, and without serious misrepresentation I believe, they can
be referred to as sociological and demographic. In many respects
Clements, curiously, embodied both elements of idealism and reduction-
ism in his theory of vegetation: a supra-organismic community was
coupled to population dynamics of individual species (e.g., Clements
1910), but he never effectively showed their common ground, their dialec-
tical interaction or complementarity for understanding the organisation of
complex systems. This was unfortunate for the development of geobotany,
because Clements was (and has remained I believe) unrivalled in the
subject intellectually: ‘by far the greatest creator of the modern science of
vegetation’ (Tansley 1947). Ultimately he opted for a non-Darwinian
approach to vegetation and in his later years became a confused Lamarck-
ian as an unhappy result of his transplant experiments (e.g., Hagen 1984).

THE PROSPECT FOR SYNTHESIS

The reader of this Handbook will find it quite unabashed in its ‘realistic
naturalism’, to use Tobey’s (1981) expression. The contributors take as a
point of departure (implicitly, I think, if not explicitly) the view that the
demographic attributes of species are important in understanding the
manner in which plant communities are constituted or change; some have
expressed this opinion for several years (e.g., Foin and Jain 1977, Grubb
1977, Grime 1979, van der Valk 1981). This is an attitude shared by many
contemporary plant ecologists not represented here, who see the merits of
a Darwinian (or Gleasonian/Salisburyan), population-centred expla-
nation of community phenomena (e.g., Drury and Nisbet 1973, Raup
1975, Noble and Slatyer 1980, Shmida and Ellner, 1984, to cite but a few
examples in the past decade or so). McIntosh (1975) has argued that few
plant ecologists had needed Gleason’s earlier advice and that the tide of
professional opinion did not begin to turn in his favour until the late
1940s. In my view this is not surprising, since Gleason had given little or
no practical example apart from an early, rather desultory effort (Gleason
in Hart and Gleason 1907), apparently his only published work on the
demography (census) of plants in vegetation.

But I admit that it is not clear to me how far this approach can take us:
can a knowledge of the demographic properties of species be used to
predict the dynamic behaviour of communities? This may be possible in
certain cases where particular species, for whatever reason, determine
community properties to an overwhelming extent. This is a venerable idea
among some plant ecologists, especially in the Soviet Union where the
concept of ‘edificator species’ has been extensively discussed (e.g.,
Rabotnov 1975). It has been independently and profitably used by many
zoologists studying the structure of intertidal ecosystems (e.g., Paine
1980), who use the phrase ‘keystone species’.

Goodman (1975) believes, following Frank (1968), that the population
characteristics of one or a few critical species may determine the stability
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of the community as a whole. There is, undoubtedly, increasing evidence
for this belief in some plant communities (Watt 1947, Foin and Jain 1977,
Turkington et al. 1977, Turkington and Harper, 1979) but it is far from
being convincingly documented. In this Handbook Symonides, van der
Valk and Peart provide some instructive examples, using a diversity of
conceptual approaches.

I believe that, on balance, the rhetorical question I posed above is
unlikely to be answered generally with a simple ‘yes’, and may indeed be
a forlorn hope despite expressions of optimism (e.g., Harper 1982);
Snaydon (1984) seems to share my doubts. The reasons for my reserva-
tions are concerned with what may be termed ‘competitive indeter-
minancy’ and ‘demographic stochasticity’ respectively. It has become
increasingly evident to plant population biologists working with experi-
mental monocultures and mixtures of two or few species that the per-
formance of species in mixtures is not easily predictable from their
performance in pure stands. This insight, first published by Montgomery
(1912), may almost be elevated to a general principle and has even been
eponymously named the ‘Montgomery Effect’ by de Wit (1960). Harper
(1977b) reviewed some of the extensive evidence now known to substan-
tiate it. The effects of interference on life-history parameters of all sorts are
often density-dependent; the relative abundance and fitness of species in
mixtures are invariably frequency-dependent (e.g., Antonovics and Levin
1980). The extent of both density- and frequency-dependent effects in field
conditions remains very poorly understood: the prospect of describing
community dynamics in terms of the dynamics of constituent species
studied in isolation seems to me remote.

This is probably the most important reason for investigating the popu-
lation behaviour of species in their natural environments. Several of the
contributors to this Handbook illustrate how this is done in a variety of
vegetation types. There has indeed been a perceptible shift in interest of
plant population biologists from artificial systems (flower pots) to natural
communities in recent years. The insights gained from techniques of
agronomic experimentation may still be usefully employed in field con-
ditions, but the overwhelming and dominant influence of agricultural
science on the formative years of plant population biology (e.g., Harper
1977b) has declined rapidly.

A major trend in ecology and evolutionary biology in modern times has
been the replacement of deterministic models by stochastic ones: the
behaviour of populations subject to changes in environmental conditions
are, at best, predictable in probabilistic terms. This may simply reflect the
inherent genetic diversity of most populations, although demographic
stochasticity is not necessarily eliminated even in populations which are
thought to be uniform genetically (Lerner and Dempster 1962). Much of
the early evidence for demographic stochasticity came from zoologists
(Mertz 1973, Mertz et al. 1976) but there are now well-investigated
examples for plant populations: these include Anthoxanthum odoratum
(Antonovics 1972), Bromus tectorum (Mack and Pyke 1983), Cakile
edentula (Keddy 1982), Chamaelirium luteum (Meagher and Antonovics
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1982), Carduus nutans (Lee and Hamrick 1983), Fragaria spp. (Angevine
1983), Plantago lanceolata (Antonovics and Primack 1982), Poa annua
(Law 1979), Stellaria media (van der Vegte 1978).

A further problem is posed by the discordance between the physiologi-
cal and ecological tolerances of individuals, a distinction which owes much
to continental plant ecologists (Leith and Ellenberg 1958, Ellenberg 1953,
1974). The behaviour of species grown in artificial monocultures in an
array of environments is not necessarily a good guide to their ability to
survive in the presence of other species. This matter is considered in more
detail by Grubb in this Handbook. The ecological amplitude of indi-
viduals seems invariably to be more restricted than their physiological
amplitude, with diverse patterns of displacement along environmental
gradients that are not easy to predict a priori (e.g., Austin and Austin
1980). It may be remarked in passing, however, that there is some scepti-
cism about the general validity of this principle (Ernst 1978). Nonetheless
it raises further important doubt about the usefulness of studying the
population dynamics of natural plant populations in isolation from their
phytosociological environment: some demographic attributes of a popula-
tion in artificial monoculture may have no counterpart to those normally
expressed in nature. This is less likely to be true, of course, for those
species which normally grow in monoculture in nature: perhaps not
surprisingly much of our foundation knowledge of plant demography has
been derived from weedy species or their crop derivatives, or from species
which commonly grow in high density patchy monocultures (many winter
annuals and monocarpic perennials) (Harper 1977b).

Plants respond to changes in their natural environments within the
context of the vegetation of which they are a part (Pigott 1982). No longer
can plant demographers accept (if they ever did) any simplistic notion that
suites of demographic properties of a species are narrowly circumscribed
or absolute. Modern studies have affirmed and extended the more general
genecological patterns of life-history diversity within species that have
been known for many years (e.g., Bocher 1949, Clausen 1951). We may
expect that insofar as there is genetic diversity between populations of a
species (and this is now extensively recorded for plants as Briggs and
Walters (1984) have conveniently summarised) so far will there be vari-
ation in their life-history features. Rather few plant demographers have
addressed this problem explicitly in natural vegetation (some of those
listed above; see also Gray et al. 1979 and references therein). It is by no
means clear that the population biology of a species well-studied in one
type of vegetation is similar to its behaviour in another: this is especially
likely to be true of species which have a physiological and sociological
amplitude which enables them to grow in several habitats and with diverse
combinations of species. Wilmanns raises this problem in her paper here
with respect to Sarukhdn’s celebrated study of Ranunculus species which
grow in several types of grassland vegetation, but it could as fittingly be
asked of any of dozens of comparable studies. The suggestion by Watt
(1964) that ‘it would be interesting to compare the social status of species
over the whole range of their distribution to see whether the status of the



species varied from one community to another’, simply rephrased to
accompany ‘social status’ with ‘demographic behaviour’, provides a con-
tinuing challenge to geobotanists. I think that the social status of many
species is now understood in terms of Watt’s suggestion by phytosociol-
ogists, especially in northwest Europe, but the extent to which variations
in ‘social status’ are consequent on variations in demographic properties
is virtually unknown. Ter Borg gives an example in our Handbook of the
wide scale of investigation which must be undertaken to attempt to
address this problem, while van der Aart illustrates the variety of demo-
graphic, genetic and physiological techniques which must be applied
to determine some conclusive answers. It seems appropriate to note
that plant sociologists have repeatedly drawn attention to the genetic
variety evident within some species found in diverse plant communities
(Guinochet 1973, Landolt 1977) and may even have noted the extent to
which certain demographic patterns vary between ecotypes (e.g., Jaeger
1978).

Accordingly, it seems to me that the conduct of plant demography in
isolation from the sociological context of the community is most unlikely
to provide a rounded view of the nature of vegetation. I share the view
expressed by Levins and Lewontin (1980) that the community is a dialecti-
cal whole: ‘the whole is a contingent structure in reciprocal interaction
with its own parts and with the greater whole of which it is a part; whole
and part do not completely determine each other’. A pure mechanistic
materialism which views the parts of a whole as separate and distinct and
believes that the whole can be reconstructed as the sum of the individual
parts, and no more, is scarcely appropriate to what we now know of the
complexity of natural vegetation and of the dynamic behaviour of indi-
vidual species. A holistic materialism (Allen 1983) which views the whole
as a sum of the parts plus their interactions, interactions which cannot be
predicted from a knowledge only of the parts themselves, necessitates a
study of the parts in situ. The complex whole has, in this view, so-called
emergent properties. It is well appreciated by plant sociologists that levels
of integration of communities vary widely. Noy-Meir (1980) has, at the
one extreme, questioned whether there is any integration whatsoever in
some desert communities in which populations are strongly and (it seems)
independently regulated by abiotic forces. There is increasing speculation,
and a little evidence, that the coexistence of species in some communities
results from chronic disturbance; it is believed that this enables a greater
diversity of species to inhabit a site than might otherwise be possible if they
were able to interact under more benign conditions (Grubb 1977, Pickett
1980, Braakhekke 1980, Caswell 1982, Del Moral 1983). On the other
hand the lesson to be learned from the Park Grass Experiment at
Rothamsted in England, continuously monitored since 1856, has been
that the assembly of groups of species may be remarkably stable (even in
small plots) under relatively invariant treatments (Thurston et al. 1976,
Silvertown 1980); and this despite the turnover of individual ramets or
genets. Detectable genetic change has taken place in this particular experi-



ment (Snaydon 1970) and this is likely to be a general consequence of the
interactions among diverse genotypes in complex communities (e.g.,
Turkington and Aarssen 1984). Internal qualitative changes within a
system which are the results of the quantitative interactions of opposing
forces within it characterise the dialectical materialism which Allen (1983)
identifies as the philosophical basis of Darwin’s view of nature. This is
congruent with the concept of the community as a dialectical whole
espoused by Levins and Lewontin (1980). A unified description of vegeta-
tion which involves both the demographic dynamics of constituent species
and their ensemble relationships is, I believe, a desirable goal of geobotany
which can now be realistically achieved by a synthesis of plant demo-
graphy and plant sociology.

COMPOSITION OF THE HANDBOOK

At this stage of knowledge the main aim of our Handbook is to urge that
the demographic patterns of plant populations be described with some
reference to the community of species in which they have been studied, and
conversely, to explore the degree to which a knowledge of demographic
patterns enables us to understand, maybe even to predict, community
processes. The papers illustrate the many ways in which population
phenomena of various sorts are being investigated in a diversity of natural
vegetation types. Since the application of demographic concepts to vegeta-
tion analysis has languished for so long and has become popular only in
the past ten years, most of the contributions should be regarded as
case-studies rather than as consolidated accounts of concepts, practices
and prescriptive techniques which are the usual content of Handbooks.
The authors have been selected deliberately to illustrate the various ways
in which the population structure of vegetation is being investigated: the
diversity is somewhat striking. Certain topics may be conspicuous to some
readers by their absence. The compilation of multi-authored books such
as this has certain problems, not least the failure to obtain commissioned
contributions in time: I am conscious of several omissions, I acknowledge.
But one type of omission was deliberate: there are no abstract theoretical
or too-mathematical papers, since I wished to stay as close as possible to
the reality of natural history in this particular volume.

In an opening chapter Wilmanns welcomes the prospect of fertile
interchange between plant demographers and sociologists, in the spirit of
Reinhold Tiixen who encouraged his students to explore all means of
arriving at a comprehensive understanding of vegetation. The next chapter
outlining the history of plant census in herbaceous vegetation shows that
only sporadic or isolated attempts have been made to do so until modern
times. (This is not to say that plant population biology as a whole was
undeveloped. Many aspects of plant reproductive biology and seed biol-
ogy have a venerable history. Plant census is not entirely synonymous with
plant demography, though it is undoubtedly an important constitutive
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element). The paper by Bornkamm is representative of the best type of
quantitative analysis of vegetation in permanent quadrats which comes
from the phytosociological tradition of continental Europe: this exempli-
fies the compromise between precision and generality which so often seems
unavoidable in the analysis of vegetation if one is to investigate the
dynamics of all the species simultaneously in a single community.

A series of papers follows on the demography of various species in
natural vegetation, to illustrate part of the variety of techniques and ideas
which are increasingly evident among geobotanists. The level of integra-
tion of demography and sociology varies in all these papers, but I believe
there is a common thread throughout: the attempt to understand popu-
lation biology not in isolation from, but in relation to the community
or ecosystem in which the dynamics of particular species have unfolded.
It is a particular pleasure for me to be able to include several papers from
colleagues in the Soviet Union whose researches have been much neglected
because of linguistic barriers. These are introduced by T.A. Rabotnov, the
doyen of Soviet plant demographers. I think it can be said without
contradiction that nowhere else has the study of plant demography in
natural or seminatural vegetation been so extensively conducted as in the
Soviet Union. Closely related conceptually to the Soviet coenopopulation
tradition is the work of Falinska, some of whose researches are sum-
marised here. The link between plant sociology and demography is made
explicit in the special term which characteristics their writing about natural
populations, coenopopulations: these are populations of a species sharing
a particular habitat in common with other species, usually of similar
ecological preferences.

I believe the word coenopopulation deserves a wider currency, to be
used of populations of plants in natural vegetation: often the genetic
identity of the individuals is obscure and the word embraces both ramets
and genets, that is, all individuals which are denumerable as ecological
entities. There are two cognate words. ‘Population’ is most often used to
denote groups of organisms known to be genetically distinct. It is entirely
appropriate for groups of plants where this is evident: many annual herbs
and trees present little difficulty in this respect, and it is usually clearcut in
experimental circumstances where plants are grown from seeds. ‘Meta-
population’ (White 1979) is a neologism for the assemblage of parts which
constitute a genetic individual: the serial sequence of metamers and their
modular organisation are almost universal features of the construction of
plants (White 1984). I pass over here the more difficult problem of circum-
scribing either populations or coenopopulations in natural vegetation.
This issue has been reviewed by Crawford (1984). The reader will find
from the essays in this Handbook a widespread pragmatism among plant
ecologists on the problem: a (coeno) population is a group of organisms
of a well-defined taxon, often of unknown genetic identity at an individual
level, found in a particular place for a period of time convenient to the
observer. More precise delimitations based on shared genetic identity or
gene flow present considerable difficulties: genetic ‘neighbourhood’ sizes
are so far known for very few plant species (Levin 1981, Crawford 1984).
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The confines of a Clementsian square-frame quadrat often determine its
limits unambiguously, with brute simplicity. Whether or not the con-
stitution and dynamics of the population of a particular species within that
quadrat are typical of anything other than that population are poorly
known. The replication by Sarukhdn in his analysis of Ranunclus species,
while not exceptional, remains rare. Even here, the demonstration of the
remarkable consistency of population dynamics within a small field
(Sarukhdn and Harper 1973) provides no evidence that they are similar for
populations of the same (widespread) species growing in different plant
communities.

A smaller group of papers by Grime, Kawano, Nakagoshi, Primack and
Grubb takes a more community-centered perspective on our twin-theme:
to what extent can communities be characterised by the ensemble proper-
ties of constituent species. Two final papers hint at the scope of relevant
contemporary research which may be included under the rubric of the
‘population structure of vegetation’: Williams reminds us of the import-
ance of demographic studies in man-modified landscapes, being created
today at an accelerating pace.

The recent pages of the ecological journals readily testify that one could
make a companion volume with a completely different set of contributors.
Our present volume will have served its purpose if it demonstrates that a
synthesis of plant demography and sociology is a realistic enterprise for
the future development of geobotany. In some cases the reader will see that
only tentative steps in this direction have been possible, but some essays
are, I believe, fine examples of its application. As compiler and editor of
this particular group of essays I share, at least, the conviction of Marc
Bloch (1931):

Dans le développment d’une discipline, il est des moments ou un syn-

thése, fiit-elle en apparence prématurée, rend plus de services que beau-

coup de travaux d’analyse, ou, en d’autres termes, il import surtout de
bien énoncerl les questions, plutdt, pour 'instant, que de chercher a les
résoudre.
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ON THE SIGNIFICANCE OF DEMOGRAPHIC
PROCESSES IN PHYTOSOCIOLOGY

O. WILMANNS

ABSTRACT

Though demography is essentially a quantitative and phytosociology a
qualitative discipline, they may fruitfully be combined: the knowledge of
whose life cycles of characteristic species and the correlation of various
demographic types with certain habitats and communities yield a better
understanding of the endogenous connections in the biocoenose and of its
evolution. On the other hand phytosociology offers a clear reference
system to judge the scope of validity of demographic statements; it is of
heuristic value for demographic comparisons.

These general opinions are illustrated by numerous examples: origin of
populations (dispersal, seed-bank), development of populations (life
cycles, clone formation, flowering period) and age structure and extinction.

INTRODUCTION

The results of the research of phytosociologists and of demographers are
building stones for their own systems of theories. The aim of the phyto-:
sociologist (vegetation ecologist) is to describe and to interpret all facets
of the life of plant communities, that is, to recognise the endogenous and
exogenous factors which determine the spatial and temporal order of the
communities, and not least their significance for animals and man. Tiixen
(1965) for example attempted to encompass the characteristic features of
the biocoenose in seven ‘laws of coexistence of plants and animals’. The
aim of the demographer on the other hand is to construct laws (if possible,
quantitative ones) of population dynamics, by comparative analyses of
many species in different environments. Often such building stones may be
put into the construction of theories of related disciplines and there fill
previously empty gaps. Phytosociology, in spite of its typically more
holistic approach, can profitably incorporate the results of demography,
a more reductionist enterprise, into its own theoretical system.

The phytosociologist willingly takes up all results which render a better
understanding of the role of each member of the community. A full
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understanding of the whole life cycles of dominating (key) species and of
character species is especially useful, as Ernst (1979) showed for Allium
ursinum. Of high interest is the possible coincidence of distinct demo-
graphic types with distinct habitat types, and their accumulation in dis-
tinct community types. Additionally, demographic features provide a
bridge between vegetation science and evolutionary biology. Such ques-
tions as the ecological forces of selection, the possible coexistence among
species and their niche structure (see for example Wilmanns 1983), and the
equivalence of species, structures and functions in different regions and
different communities can all be precisely phrased in demographic terms.

But the flow of information also runs in the opposite direction, for the
development of populations depends both on the physical environment
and on the interactions of members of the biocoenose. If we wish really
to understand a demographic fact, to see its teleonomic significance and
its meaning in the ecosystem, we shall only succeed if the context in which
itis realized is taken into consideration (see Grubb et al. 1982). Phytosociol-
ogy with its floristically defined syntaxa offers a clear reference system and
a background for further studies. A demographic statement is valid at first
only for a specific environment, usually within the framework of the stand
studied in a syntaxon of low rank. The scope of its generalisation can be
amplified only if it is checked in other stands both (a) of the same syntaxon
and (b) of syntaxa of graded similarity. The phytosociological system pro-
vides ‘pre-performed work’ (Tiixen 1970) as a basis for inductive general-
isation, by which a specific fact may become a broader scientific statement.

[ shall try to demonstrate the fertility of such mutual interrelations by
some examples selected from a phytosociologist’s point of view. The
interrelated disciplines of demography, population dynamics and evolu-
tionary biology will not be sharply separated in discussing their links to
phytosociology. That this enterprise is not entirely novel is shown by
Schwabe-Braun and Tiixen (1980) in their treatment of the class Lemnetea
minoris. But, in general, the intellectual cooperation between demo-
graphers and phytosociologists has not been very close until recently. One
may ask for the reasons. An essential cause, though probably not the only
one, lies in their different approaches. The demographer must work
according to the method of census and usually needs an amenable system.
Consequently a particularly high number of examples (e.g., Harper and
White 1974) belong to horticulture and forestry, where at least quasi-
experimental conditions are usual: monocultures (often even of cultivars),
uniformity of soil, climate and management, facilities for the exact count-
ing or weighing the products are typical. Corresponding situations studied
in nature are often communities with few or even one clearly dominant
species. As a rule such systems are much more complicated than horticul-
tural ones. Phytosociology, on the other hand, is essentially qualitative.
Tiixen’s seven ‘laws’, for example, are of a qualitative nature. It is true
that communities which are relatively simple and easy to survey offer
methodological advantages, as is demonstrated by the Lemnetea study
referred to earlier. Quantitative determinations such as the numerals of
Tiixen and Ellenberg (1937) by which an exact description of synthetic
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characteristics of communities was intended, were clearly thought of as an
aid, not as an end. The ecological code numbers of Ellenberg (1979, 1982)
give scaled numerals for essentially qualitative features, which can be
described in more detail in words (e.g., Oberdorfer 1983). But this does not
mean that many qualitative statements in phytosociological literature are
inapplicable in demography: semi-quantitative estimations of species
cover or abundance, qualitative data of vitality, or silvicultural-sociologi-
cal tree classes as expressions of age structure, sociability estimates as hints
of clonal size, all are examples which sometimes offer preliminary insights
on demographic parameters.

Until recently the emphasis in phytosociological studies was more on
the spatial distribution of communities than on their temporal sequence.
The former can be investigated with precision in a short time and was
promoted through the practical application of phytosociology by means
of vegetation mapping (see Tiixen 1963). Demography, however, describes
developmental processes, so its close connection to phytosociology will be
particularly expected in studies of successional stages. But vegetation
dynamics has been developed in recent years mostly in connection with
problems of nature conservation: abandonment of meadows, intensifica-
tion of agriculture, all sorts of rapid destruction of vegetation (e.g.,
Westhoff 1979, Bottcher 1974, Beeftink 1975, Schmidt 1981, Fischer 1982).
Consequently, census of individuals and other detailed estimations of
cover are becoming increasingly available.

ORIGIN OF POPULATIONS

The establishment and rise of populations play a phytosociological role in
the following syndynamical processes:

(a) A stand of a community develops on a substrate previously without
plants, the first step in a primary succession.

(b) The succession starts on a previously occupied substrate, from a
former, completely destroyed, and not regenerating vegetation; this is the
first step in a secondary succession.

Mixed types are often found in the industrial countries. The pioneer
plants of these types are called ‘primary pioneers’ (Tiixen 1979). Plants
with a ruderal ‘strategy-type’ (Grime 1979) dominate. Examples of phyto-
sociological studies on these communities which contain demographic
elements are those of Fischer (1982), van Noordwijk-Puijk et al. (1979)
and Schmidt (1981).

(c) Later steps in both primary and secondary successions come about
if other plants invade the existing vegetation, followed by a direct or
indirect change of species combination. These ‘invading pioneers’ (Tiixen
1979) are expected to have a different type of demography from that of the
first group, for they must be strong ‘competitors’ (Grime 1979). In any
case, demographic parameters are of interest: number of seeds, size of
seeds and their dispersal type. Dispersal and immigration show many con-
nections to vegetation history, biocoenology and applied phytosociology.
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(d) Another case is the regeneration of more or less destroyed vege-
tation, which has, however, left viable seeds and dormant buds in the soil.
The regeneration may begin at once (as on fields) or after long intervals
(as in clearings, after a century of forest). In these cases the temporal gap
must be bridged by a reservoir of viable seeds or buds.

Dispersal and immigration of species in various communities by seeds or
Sruits

Dispersal by generative and by vegetative diaspores (= disseminules) is
considered separately, for the distinction is ecologically and genetically
important. Although both types of diaspores may have low viability and
a short life-span, impressively long life-spans (up to 1700 years) and
transport distances (several kilometers by zoochory, probably several
hundreds of kilometers by migrant birds: Miiller-Schneider 1977) are
performed only by well-proected diaspores with a low respiratory burden,
that is, typically by seeds or fruits. Comparative demographical studies of
plants which are able to reproduce in both ways are rare but they would
be informative, as the paper of Petersen (1981) on Polygonum viviparum
suggests.

A detailed study by Hard (1972a) may serve as a typical example of the
methodological connection between syndynamics and demography. He
investigated forest stands of pine (Pinus sylvestris), which had developed
spontaneously on fallow fields running perpendicular to a forest with older
pines. Near the old forest the pines on these tongue-like strips (mostly
100 m long) reached nearly double the height of those at the end of the
tongue, so that one might suppose them to have advanced gradually from
the forest edge, year by year. Determinations of height diameter, density,
and age demonstrated, however, that more than 90% of the pine trees had
begun their growth within a span of 3 to 4 years, nearly simultaneously.
Height growth had been increased where the young trees had reached their
highest density, in the immediate neighbourhood of seed dispersing
parental trees in the old stand. Growth of seedlings at a greater distance
later became almost impossible when the formerly open field was con-
quered simultaneously by scrub of Sarothamnus scoparius and Rubus
fruticosus, by grasses and other species: their competition was too strong
for the pioneer Pinus sylvestris. This example shows, additionally, the
limited scope of anemochory.

Obviously we have so far only few generalizations which combine the
general patterns of seed demography with general synecology. Salisbury
(1942) indicated one correlation: plants of later succession stages tend to
have bigger seeds than plants of early stages. This is easily understood by
the necessity to match the stronger interference of already established
members of the vegetation. However his conclusions seem not to be
relevant for the drier climate of California (Baker 1972).

A regular relationship between the number of seeds and the synecology
of a species remains to be examined. As shown by van Andel and Vera
(1977) and van Baalen (1982), studies of the energy allocation of a plant
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during its life cycle, its syntaxonomical (and therefore synecological) posi-
tion and its mode of dispersal are valuable in this respect.

The mode of dispersal is often decisive for founding a new population.
There are several syntaxa with one prevailing mode of dispersal, as shown
by dissemination spectra (Miiller-Schneider 1977). Rhamno—Prunetea
communities of forest margins and hedges are predominantly endozoo-
chorous: many birds not only use this biotope as a place for feeding,
mating and breeding, but also help to constitute it by leaving the undi-
gested kernels of stone-fruits, berries and analogous fruit-types (Tiixen
1977). This poses questions for demographic studies (besides those of pure
census) which are of interest for the student of population dynamics, of
phytosociology and evolutionary biology combined. Is there competition
among plants for the dispersing animals, and consequently niche segre-
gation of shrub species with respect to their fruit-ripening time? Some
observations point to this being so (Miiller-Schneider 1977). Where do we
find generative rejuvenation in the stand itself? It is supposedly a rare
event, because the shrub growth-form with its basitonous branching
hinders the development of seedlings. Does the passage through the bird’s
gut influence seed viability, and therefore rejuvenation of the vegetation?
Myrmecochory remains demographically poorly investigated, though it is
estimated to be a mode of dispersal of 30% of the central European forest
herbs (Wilmanns 1984).

The dispersal mode of founding populations of rock and wall crevice
communities is different: the Parietarietea have a high proportion of
myrmecochorous plants, as one may see in Segal’s (1969) study; the
Asplenietea are essentially anemochorous. May one conclude that their
synevolution (the origin and development of syntaxa in geological times,
Wilmanns 1984) has been different? The dispersal of species of the Isoeto-
Nanojuncetea by swamp and water birds was appreciated a century ago
(Miiller-Schneider 1977), but still only in bare outlines in quantitative
demographic terms.

Two examples which have recently been thoroughly studied — though
without mentioning the word demography — are worth treating in some
detail, because they show that in spite of having the same dissemination type
the integration of species into the vegetation mosaic may be completely
different. The studies concern the jay (Garrulus glandarius) (Bossema 1979)
and the nutcracker (Nucifraga caryocatactes) (Mattes 1982). In both cases
the birds gather diaspores of a few distinct woody plant species and hide
them as a food stock. Only that proportion which is not refound and eaten
by birds or other animals will be able to germinate. The jay has the following
plant demographic and phytosociological effects: Distances of at least 4
kilometers from the parent tree can be spanned by the bird’s flights. The
area where the jay hides the acorns in the soil must have a woodland
character. The Mantel grassland strip or dwarf shrub/grass facies are
favoured. Every acorn is pushed separately into the soil 0.5-2m from one
another. Owing to the rich food reserves of the acorn, the seedling is able to
grow through a grassy covering of vegetation, so this invasion pioneer may
give an impulse to an otherwise stagnant grassland succession.



20

For a long time the nutcracker has been a competitor of man for the
nutrient-rich ‘nuts’ of Pinus cembra as food. The nutcracker causes
afforestation not only inside the forest, but even outside and above the
actual timber line, in the dangerous zone of avalanches and erosion. Some
of the results of Mattes (1982) demonstrate a long coevolution of plant and
bird species and the following items are of a demographical and phyto-
sociological interest. Hiding (and therefore ‘sowing’) of Pinus cembra (and
of Corylus avellana, too) is possible even over distances of 5-12km.
Foundation of new populations of the tree happens when hungry nut-
crackers from suboptimal habitats, especially spruce forests, collect nuts
and store them in their own home range, or if they bring the nuts to the
zone above the existing forest. It is estimated that a couple of nutcrackers
set up at least 15,000 hiding-places annually and may refind as many as
80%. Only a small percentage of the annual nut-production remains for
the reproduction of the tree species. The seeds germinate to give groups of
4 or 5 plants. Consequently, there is on the one hand competition between
them but, on the other hand, their primary roots unite so that the strongest
sapling is promoted. The nutcracker has a capacity to select habitat types:
it does not hide seeds in higher, dwarf-shrubby places (as in Rhododendron
ferrugineum) nor in mires or in closed grassy stands of Nardus stricta or
Deschampsia caespitosa, places in which pine seedlings would be lost.

Bulbils and turions

These types of diaspores may be treated under the same functional aspects
as the seeds. The formation of bulbils instead of flowers is called ‘false
vivipary’ (in contrast to the ‘true vivipary’, which is limited nearly totally
to the mangrove: see van der Pijl 1982). It is genetically clone formation
and therefore like the formation of stolons and ramets; ecologically how-
ever it is perhaps more analogous to the formation of seeds. In European
vegetation it has evidently a positive selection value for species in two
vegetation types: in subarctic spring vegetation of the Montio-Car-
daminetea (several Saxifraga species, Deschampsia alpina), and in dry
grassland, species of which pass partly into vineyards ( Allium carinatum,
A. oleraceum, A. pulchellum, A. vineale, Gagea villosa, Poa bulbosa). In
other communities we find only scattered representatives: Dentaria
bulbifera and Ranunculus ficaria in nutrient-rich forests, Lilium bulbiferum
and Poa alpina in alpine grassland. In all cases the biological significance
of these diaspores can be seen in the store of reseve substances for a quick
start in a short vegetation period. The demographical research on Allium
vineale by Hakansson (1963) demonstrates the use of this approach.

Turions as buds for overwintering and for dispersal of water plants are
very frequent. Their demography should be analysed together with
ramets: both may easily float away and found new populations.

The seed-bank as a part of the phytocoenose

During past years phytosociologists have focussed their attention on the
seed bank in the soil but rarely on the shorter-living bud bank. The main
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reason for this has been the retrogression or even disappearance of nume-
rous species and communities, the observation of their occasional
reappearance, and the hope they might spontaneously re-establish them-
selves on biotopes created by the hand of man. Another reason was an
economic one: the capacity of several weeds to hold their ground, in
general considered unfavourably, has recently been more positively appre-
ciated. A census of seeds is not only of theoretical but also of practical
interest.

If roads are constructed through a former field, red ribbons of Papaver
rhoeas sometimes develop at the margins, though the species has become
rare in the fields themselves. This is a conspicuous argument for the wealth
of seeds in the soil. The longevity of seeds of weeds is well known (e.g.,
Harper and White 1974). It may be mentioned that those two field weeds
in Germany which do not have a seed-bank are nearly extinct:
Agrostemma githago and Bromus secalinus var. grossus (Sukopp et al.
1978). Nature conservancy now tries to save the old field weeds by paying
farmers for not using herbicides on the marginal strips of some cornfields.
This experiment can be successful, but only in places where an old seed-
bank had been preserved (Schumacher 1980). So we ask the demographer:
what is the rate of seed mortality under various circumstances and
management (e.g., Roberts and Dawkins 1967)? How many years or
generations does it take to build up a new seed-bank?

In viticulture a green plant cover is desirable for soil improvement and
to retard erosion; the species should not, however, compete with the vine
plants for water. Stalder, Potter and Barben (1976) have developed a
procedure in Switzerland by which they promoted harmless annuals which
regenerated easily from the seed bank (Stellaria media, Veronica persica
and others) as ‘soil-coverers’, whilst suppressing Convolvulus arvensis, a
very problematical weed, by herbicides.

In some central European agricultural regions with a former combi-
nation of coppice clearing and burning in alternation with field-cropping,
the clearings even today shine red with Digitalis purpurea in the second and
third year, and from the fourth year are golden with Sarothamnus
scoparius. Plants of clearings (Epilobietalia angustifolii) exist plentifully in
the seed bank of woods (Brown and Oosterhuis 1981). Digitalis purpurea
was examined demographically and experimentally by van Baalen (1982),
who demonstrated a resistance of the seeds to fungi and phytophagous
‘animals in the soil: he explains this by their content of effective chemical
substances. Does this substantiate the idea of Tiixen (1985) that a high
proportion of the Epilobietalia character species are poisonous and/or
medicinal herbs?

Brown and Oosterhuis (1981) found species typical of the class Isoeto-
Nanojuncetea in their samples of forest soil. Krause (1979) observed that
after soil disturbance species of the Littorellion and the Artemisietea
vulgaris, which had vanished for decades, unexpectedly reappeared. These
and other examples suggest the idea, which must be demographically
verified, that plants typical of small, ephemeral habitats in the original
landscape of the temperature zone tend to build up a seed bank.
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THE DEVELOPMENT OF POPULATIONS

Phytosociological relevance of life cycles

Species with a very short life cycle occur in a formation-determining abun-
dance only in short-term habitats. These habitats may be periodically or
episodically free from competitors, but yet colonizable. This is shown by an
analysis of the classes Thero-Salicornietea, Saginetea maritimae, Cakiletea,
Bidentetea tripartitae, Polygono-Poetea annuae, Stellarietea mediae and
Isoeto-Nanojuncetea (see Wilmanns 1984). In the latter two classes species
whose life cycle exceeds one year can survive because the soil disturbance is
usually not a radical one.

Another correlation between life cycle and sociological position is seen
with trees. Following Firbas (1949), the ability to flower begins with the
pioneer species such as Betula pendula and Corylus avellana, as a rule at
10 years, with Populus tremula at 20-25 years and with Fraxinus excelsior
at 25 years. The species in the forest communities of the regional natural
vegetation begin flowering much later: Abies alba 30 yr., Fagus sylvatica
30-40yr., Picea abies 30-40yr., Quercus robur 30-60yr. These are
numbers for individuals, growing in isolation; in a closed stand they flower
for the first time even later: Abies alba at 60-70 yr., Quercus robur at
80 yr.

An individual may reach its reproductive maturity earlier than the
average within its species; this may be, but is not necessarily, an unequivo-
cal advantage of selection. Rather, one has to consider a possible corre-
lation between this quick development and the vitality on a long-term
basis: Abies alba (which is together with Fagus sylvatica the strongest
competitor among the trees of Central Europe, Ellenberg 1982) is able to
grow a few decades in the undergrowth in the shade and in the shelter of
the canopy. It is well-known to foresters that those individuals with a
delayed youth development and correspondingly narrow annual rings
reach a higher total age and with better health.

Demographically insufficiently known is the phytosociological process
known in German as Versaumung: Saum species, originally living at
natural margins of woods, penetrate into closed meadows and pastures no
longer cut and grazed (Wilmanns et al. 1977, Schwabe-Braun 1980, Biirger
1984). These are species of the same life-form, but of different ecological
constitution and therefore syntaxonomical position. The change of
environment is caused only by the lack of management. As these Saum
species enter the turf over the course of some years, other species disappear
in consequence. Mesobrometa are invaded by forbs of the Trifolio--
Geranietea such as Anthericum ramosum, Aster amellus, Geranium san-
guineum, Origanum vulgare; character species of the Festuco-Brometea
and other species which are weak in competition (such as Anthyllis vulner-
aria, Briza media, Hieracium pilosella, Orchis ustulata) decrease. The
increase in species number demonstrates that the input of species is higher
than the output. The reason is that the compefitive strength of Saum
species is very high, unless they are damaged by agricultural practices such
as mowing in early Summer, as most flower in July or even later.
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Vegetative growth of populations (formation of clones)

The type of growth which leads to an increasing number of shoots is
extremely frequent in cormophytes. This may give rise to communities
which are dominated by them and consist of only one or a few species:
Pteridium facies, subtropical Gleichenietea, herds of Brachypodium pin-
natum and Prunus spinosa-shrub in fallow limestone grassland, Rubus
fruticosus-slopes and so on. Exact analyses such as Watt (1976) gave for
Pteridium aquilinum, would be informative in view of the significance of
these species in understanding the structure and successional relationships
of communities. Species with vegetative reproduction have focal points in
certain communities and habitat types.

The separation of whole daughter-plants of freely floating water plants
(Lemna, Salvinia, Azolla, Eichhornia, Pistia) is ecologically understand-
able because competition for space is weakened by wind-drift, and water
and nutrients usually are not limited. (Conversely, Lemna gibba produces
seeds under amphibious conditions in the subtropics; Schwabe-Braun and
Tixen 1980).

The formation of overground runners or soil-adjacent horizontal shoots
is especially frequent in (and even characteristic of) the Lolio-Potentillion
(former Agropyro-Rumicion crispi p.p.), the vegetation of flooded
meadows with a high ‘variety in time’ (van Leeuwen 1965) and in pastures
where there are places disturbed by animals’ hooves (Sykora 1982). Simi-
lar conditions exist in amphibious riparian habitats of the Littorelletea,
where Juncus bulbosus, Ranunculus reptans and Elatine hexandra are repre-
sentatives of this growth-form, in the spring biotopes are the Montio-
Cardaminetea and sometimes in the nutrient-rich habitats of the Glecho-
metalia (Tiixen and Brun-Hool 1975).

Subterranean runners, often at the same time with a storage function,
dominate in three syntaxonomical classes of a specialized character: in the
Ammophiletea on the coastal dunes with moving sand, in the Spartinetea
on moving mud and in the Agropyretea intermedio-repentis, an anthro-
pogenously disturbed, fire-resistant, semi-ruderal, semi-dry grassland
(Fischer 1982). Supply of sand by storms enhances the vitality of
Ammophila arenaria (Lux 1964) and Carex arenaria (Noble et al. 1979).

In the absolutely natural communities of alpine talus (Thlaspietea
rotundifolii), the characteristic plants have clones which are easily regener-
ated when damaged; they creep through the scree and use the scanty soil
in the hollows (see Wilmanns 1984).

A few demographical studies have compared genetically related species
with different growth-forms. Those species with abundant vegetative
propagation have less intensive generative propagation, and vice versa:
Agropyron caninum versus Agropyron repens (Tripathi and Harper 1973),
Ranunculus acris and Ranunculus bulbosus versus Ranunculus repens
(Sarukhdan and Harper 1973). It would be interesting to know if this
regularity is valid even for one and the same ramet-producing species in
different habitats, that is, in different communities. Does it depend on the
quality of the environment? The thorough studies of Sarukhan were
carried out in a single vegetation type. Consequently the synecological
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(biotic and abiotic) conditions cannot have been optimal for each of the
three Ranunculus species, since normally they do not live together in the
same community. Would the differences have been greater or smaller, if
they had been tested in their respective synecological optima: Ranunculus
acris (a character species of the class Molinio-Arrhenatheretea) in a com-
munity, or indeed several communities, of this economic grassland; R.
bulbosus (a character species of the Mesobromion) in a dry grassland of
this alliance or in a dry subassociation of the Arrhenatheretum; and R.
repens (a character species of the Agrostietea stoloniferae) in the Lolio-
Plantaginetum? Both answers are theoretically conceivable: the difference
should be smaller, if in the studied stand with joint occurrence character
displacement (Kontrastbetonung) had taken place; the difference would be
greater if, for example, R. repens were to produce more seeds under
‘unfavourable conditions, and even more stolons in its optimum habitat.

As an instructive example for a phytosociological and demographical
contrast to Carex arenaria (Noble et al. 1979) we may cite Carex curvula,
a character species of acid grassland in the alpine mountains of Europe
(Grabherr et al. 1978). The dune pioneer C. arenaria with its long rhizomes
can grow a little more than 3m annually whereas the individual rhizo-
matous shoot of C. curvula grows barely 1 mm annually. C. arenaria
produces 400-700 daughter shoots/m? in the year, C. curvula likewise
about 500. Their weights, however, are completely different, as might be
expected considering the length of time favourable for photosynthesis:
nearly the whole year in Atlantic Europe and about 115days in the alpine
zone of the Central Alps. The subterranean standing crop of C. arenaria
is about 700 g/m If one may take this value roughly as productivity, this
is eight times that of the Caricetum curvulae (with many cryptograms) and
the 25-fold greater than C. curvulaitself. The age structures are also totally
different: while all shoots of more than 9 months age in Carex arenaria
amount to no more than 20% of the cohort, the shoots of C. curvula build
up 2 new leaves per annum for 10 years and each leaf has a lifespan of 2-3
years.

Clone formation in woody plants

This type of propagation has a great advantage for the demographer, who
can easily and reliably define the age structure in temperate zones. The
following two examples indicate the close relationship between demo-
graphy and phytosociology in elucidating the dynamics of vegetation.
Syntaxonomically the examples refer to the classes Rhamno-Prunetea and
Vaccinio-Piceetea; sigmasociologically they refer to characteristic vege-
tation mosaics in the potential forest area and in the subalpine upper tree
limit zone.

Shrubs such as Prunus spinosa, Ligustrum vulgare, Cornus sanguinea and
trees such as Populus tremula and Robinia pseudacacia are invasion
pioneers which build up new woody plant vegetation. They push forward
from woodland edges, banks and hedges as ‘cores’ in fallow grassland
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(Hard 1972b, Lohmeyer and Bohn 1973, Wilmanns et al. 1977, Biirger
1984). Their morphology and rate of expansion are very different. The
surface of Prunus spinosa scrub slopes gently to the margin as it advances
regularly; in Mesobrometa we found a rate of advance of ca. 0.5m per
year. The blackthorn shades strongly and displaces the herb layer quickly,
corresponding to the ‘phalanx-type’ described by Harper (1978). Aspen on
the contrary advances in a manner similar to the ‘guerilla-type’. Rubus
fruticosus ‘walks’ by rooting of its tips; it is (together with bracken and tree
species) one of the strongest competitors in the European flora, often
forming one-species scrub: the demography of this Scheinstrauch (false
shrub) would be fascinating.

‘The genus Picea is able to produce clones by rooting branch layers, this
mostly happens near the natural timber line, but occasionally, too, in
lower situations. Holtmeier (1982) described ‘atolls’, ‘ribbon forests’ and
‘hedges’ of Picea engelmannii, a characteristic aspect of the landscape in
the Rocky Mountains. The most thorough investigations using phytoso-
ciological, demographic and silvicultural methods, both descriptive and
experimental, were made by Kuoch and Amiet (1970) with Picea abies in
the Swiss Alps. Living branches on isolated trees contacting the soil are
required for the formation of such ‘conical collectives’ (‘Rotten’). The
increase in height in the clones was only 1-3cm per year. Analyses of year
rings in the main stem of the plant showed that vegetative propagation
begins only at age 50130 years; the branch layer is 30-100 years old when
it forms the first roots; this happens on shoots 5-9 years behind the tip of
that branch. After 10-15 years at the earliest, sometimes only after 70
years, the parent tree ceases to transfer nutrients to the vegetative off-
spring. The changes of survival of the clone in the plant communities
studied are much higher than those of individual treelets, because the
groups are better protected against storm, driving or gliding snow and
probably frost drought. So the frequent growth leewards, like a string of
pearls, is understandable. Altogether, the formation of resistant conical
spruce-clones with a few ‘generations’ of layers needs several centuries.
For Picea abies this is “the only possible way to reconquer former forest
areas by woodland and to preserve the woodland of the struggle zone”
(translated from Kuoch and Amiet 1970).

These examples call attention to the different distribution of individuals
of the same species in a stand, their dispersion. This is recorded in a rough
manner as sociability in phytosociological relevés using the Braun-
Blanquet scale and should be heeded more in demographical studies, for
it may be an expression of the growth-form and/or the environmental
mosaic (in a large sense) (Kershaw 1963).

Flowering period

Interest in the periodicity and spatial distribution of flower quantities and
‘flower types seems to have awakened only recently among phytosocio-
logists. For the demographer flowering and the production of seeds is
important and is well documented. Methods of semi-quantitative
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symphenological recording (Baldtova 1970, Dierschke 1972) reveal
rhythms of flowering to be community-specific. A more detailed analysis
needs both exact quantitative dates and good entomological information.
Kratochwil (1983, 1984) provided a good example. He determined the
quantities of flowers in a Mesobrometum which was interspersed with
Saum plants over the whole vegetation period and found qualitatively a
continuous sequence of flowering. But quantitatively there were four
waves of flowering: in the first two, yellow flowers predominated, Primula
veris (in April) and Hippocrepis comosa (in May). In the later two waves
mauve flowers were common: Coronilla varia (in July) and Origanum
vulgare (in August/September). At first, grassland plants of the Festuco-
Brometea mostly flowered but afterwards Saum plants of the Trifolio-
Geranietea were more evident. The flowering period of the grassland
plants occurs before mowing times in July/August. The Saum plants, on
the whole, flower and fruit later and characterise a later stage of succession
without mowing. The biosociological importance of the Saum plants is
great, since they provide a large supply of food for social hymenoptera
(Apoidea) just at the time when they have to care for their broods.

The biocoenological effects of the early mowing of nutrient-rich grass-
land (Arrhenatheretalia) for silage in modern agriculture are little thought
about, and even less studied. From ancient times these plants have been
selected for a quick development to flowering and fruiting (e.g., Ellenberg
1982), but nowadays we have to expect a strong decline or even dis-
appearance of those species which typically have a high population flux
unless they get an opportunity to reproduce sexually. Studies similar to
those of Sarukhan and Harper (1973) on Ranunculus species would be
informative in this respect, but they remain very rare. In the long run, too,
species with a long individual life time and less dependent on sexual
replacement will also be influenced: this might be forecast by knowledge
of their depletion curves. Moreover the speed of modern mowing with
powerful machines causes abrupt and disastrous destruction of the food
resources of flower visitors, such as butterflies. The preservation and
accessibility of unmanaged biotopes such as clearings and tracks in the
forests, and ruderal areas with rich vegetation become increasingly
important as refuges for flower pollination. A special mosaic of plant
communities complementary in time to man-modified vegetation has
consequently to be ensured or created. There is a serious lack of scientific
basic knowledge for these tasks of nature conservation.

CHANGES IN THE AGE STRUCTURE OF POPULATIONS IN
PLANT COMMUNITIES

If the rate of mortality exceeds the rate of natality, a population not only
diminishes, but in the course of time it may also change its age structure.
This may result in qualitative and quantitative variations in the vege-
tation. If a certain age class distribution characterises a species in a
particular type of vegetation, the question arises how it has been
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developed and how it is regulated under natural conditions. This cannot
be investigated without demographic methods. The problem, however, is
so vast and complicated that no more than some vague outline of an
answer is yet possible. One may generally conclude that interferences by
man, at least as performed during the past century, can result in a rough
mosaic of vegetation, often with relatively uniform age classes, as in the
management of forests, or in populations established after ploughing the
soil, or after burning, or following elimination of wetland habitats by
drainage. On the contrary, with natural regulation one may expect a
mixture of many age groups often arranged in very fine spatial and
temporal mosaics, as was described in the classical study by Watt (1957).

A modern example, founded on 20 years’ succession studies on per-
manent plots, points to the link between phytosociology and demography
of research on population age structure: it concerns the heather beetle
(Lochmaea suturalis) in the Genisto-Callunetum in the Netherlands (de
Smidt 1977). Larvae and adults of this beetle feed exclusively on Calluna
vulgaris. The beetle prefers old and closed patches of Calluna, with a moss
layer beneath and a humid microclimate. Only under these conditions
does the beetle cause the death of the heather plants. Calluna subsequently
rejuvenates, however, by seed. The next outbreak of the beetle is usually
5 to 10years later but at this stage the young patches of Calluna remain
uninjured. Other plants, now grown older, provide food. The resulting
mosaic is blurred by fire, which gives rise to an age-independent, large
rejuvenescence of the Genisto-Callunetum. Sheep, however, tend to stabilize
the age structure, because they graze the young shoots of Calluna (and
of grasses) from the regenerating patches.

A last example will be given, one which is a challenge for the phyto-
sociologically interested demographer and the demographically interested
phytosociologist because of its implications for theory and practice: the
‘dieback model’ of Mueller-Dombois, constructed for rain forests on
Hawaii and recently extended on other Pacific islands (Mueller-Dombois
1984). For some years death of the tree species Metrosideros polymorpha
on the Hawaiian islands has been noted. It happens to smaller or bigger
groups in the stands. In an individual stand, trees of the same age die,
although the ages of dying groups of trees differ between stands, implying
a simultaneous rejuvenation of the population. This so-called cohort
senescence — thus the hypothesis — may be triggered by different exo-
genous or endogenous stress factors. Details of the interesting combina-
tion with factors in the ecosystem are given in the original paper.

Besides the disappearance of whole stands of many communities by
abrupt destruction of their biotopes, the decline and (local) extinction of
populations are often acute (e.g., Sukopp et al. 1978, Westhoff 1979). The
effect of different factors (and therefore, too, of different human activities)
on the age structure of populations of endangered species may be very
different. (As to demographic studies, see Synge 1981.) An instructive
example is provided by Schwabe-Braun (1980) for Arnica montana, a
threatened species listed in the German Red Data Book. It lives on acid
soils in extensively grazed, unfertilized pastures of the Nardetalia and
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occasionally still imparts to them a bright yellow colour. This species is
threatened by destruction of its biotope, as indeed is the whole of this
semi-natural vegetation. The threats include afforestation with Picea
abies; intensification of grazing together with intensified fertilizing which
tends to change the vegetation into a Cynosurion community; the ces-
sation of the agricultural use of land for economic reasons (Sozialbrache);
whether or not cropping of flowers for folk medicine is a relevant factor
in its decline is still an open question. The first threat (afforestation) leads
to a rapid reduction of the population, independent of its age structure.
The second threat involves the sensitivity of the rosettes to frequent
treading; presumably this, too, is age-independent. The third threat causes
Arnica to increase at first, because it is totally relieved from treading by
cattle; but the competitive interrelationships change as some grasses are
favoured and gradually increase: the rosettes of Arnica are shaded too
strongly. The development of grass litter prevents the establishment of
young Arnica plants and the population grows older without replacement.
It is important for the conservation and preservation of this species to
know under which conditions the process of decline is reversible.

CONCLUSION

This sketch cannot treat all aspects of the relationships between demo-
graphy and phytosociology, but its aim is to attempt to stimulate an
increasing intellectual and practical co-operation between scientists
engaged in both disciplines. It is dedicated to the memory of Reinhold
Tiixen, who all his life sought actively to combine the different branches
of ecological research with phytosociology.
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THE CENSUS OF PLANTS IN VEGETATION*

JAMES WHITE

Plants stand still and wait to be counted.
Population Biology of Plants
John L. Harper (1977: 515)

ABSTRACT

The history of plant census in natural or semi-natural vegatation exclud-
ing forests is recounted. A few examples of single, non-repetitive censuses
of grassland plants are known from the nineteenth century. Following the
introduction of the permanent quadrat by F.E. Clements, the practice of
repeated censuses of individually located plants became widespread by the
1920s. Intensive research was conducted in desert of semi-desert vegeta-
tion, mostly by rangeland scientists: some of these studies lasted for several
decades. The various contributions of plant ecologists (other than range
scientists) are recorded, ceasing with studies initiated before 1970, since
when plant census has become a major element of vegetation science.

INTRODUCTION

The simultaneous recording at a particular time of demographic data on
all the individuals living in a particular place constitutes a census. Cen-
suses are most useful if they are made at regular intervals, since they reveal
trends of population development over a period. A census is an essential
prerequisite of population analysis, no less for plants than for human
beings and animals. It lies at the heart of any enterprise to describe the
population structure of vegetation.

In this essay I shall review the history of plant census in natural vegeta-
tion, insofar as I can bring together the many fragments of which it
consists. Whereas plant enumeration has a long tradition (as I shall

*This paper is dedicated to John L. Harper, whose teaching has inspired much of the
contemporary revival of plant census in vegatation.

White, J. (ed.), The Population Structure of Vegetation.
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demonstrate), only in the past decade has plant demography emerged as
a coherent body of theory and practice, contributing significantly to
vegetation science. I shall not investigate here the sociological reasons for
either its former neglect or present popularity, but some hints will become
apparent from the narrative. I would like to disavow at the outset that I
regard this essay as merely historical. The importance of censuses grows
with their repetition and I shall show that many early plant census records
either continue to be kept or have been kept for very long periods. Plant
demographers have access to a few extensive series of censuses (up to 70
years) which have hitherto been inadequately explored or appreciated by
all but a handful of biologists. The importance of these data increases with
their updating: I hope that by documenting them I shall contribute to their
continued maintenance as irreplaceable information for a science of plant
demography.

I have imposed two restrictions on myself in this essay. I have excluded
forest trees. A few references to plant ecologists who have counted trees
escape this restriction, for reasons evident later, but a review of tree
census would greatly enlarge my account: there are many demographic
data for trees but few have been systematically collated beyond prelimin-
ary statements (e.g., Harper and White 1974, Silvertown 1980). The
census of trees may often be virtually synonymous with some aspects of
forest management on which there is a very large and well known litera-
ture (e.g., Assmann 1970, Smith 1962). My second restriction is to limit my
survey to studies initiated in the period before 1970, since by that date it
appears to me that plant demography had become well established as a
major element in contemporary ecology (Harper and White 1974). There-
after the number of published papers on plant census seems to have
grown exponentially, although I have not formally quantified its growth,
as Schoener (1974) did for studies on resource partitioning among
animals.

Some characteristic features of plant census

There are three types of census which I shall consider: (1) a single census
never repeated and (2) repeated censuses of the same area, either (a) with
or (b) without precise location and identification of individuals. Only type
2 provides data suitable for formal demographic analyses; type 2a con-
ducted regularly for long periods provides information on survivorship,
life expectancy, age structure, immigration and emigration rates, sex ratio
(for dioecious species) and so on, and permits the estimation of future
population trends under similar conditions. All three types of census may
be found reported in the botanical literature, but I shall pay most attention
to type 2a, that is, the repeated census of populations whose members are
identified and can be precisely relocated over time. The relative paucity
until recent times of published demographic data for plants compared to
those for animals belies the ease of this protocol for plants compared to
many animals.

There are, however, a number of elements in the formal definition of
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census given in the introduction which ought to be considered in a little
more detail as they apply to plants: the nature of the demographic data
that can be conveniently collected, the definition of ‘individuals’ and the
usual meaning of ‘a particular place’. There are some distinctions perhaps
worth making about, on the one hand, plant census and on the other,
animal and human censuses. Usually a census of human beings is exhaus-
tive, in the sense that it seeks to record not merely numbers but also
divers other demographic data on a// the individuals in a large territory;
excluding small countries, this is typically on a geographical scale of
10'°-10"*m?. Though not without its difficulties (e.g., Petersen 1975), this
is straightforward in principle. Animal censuses vary widely in their accu-
racy, comprehensiveness and sophistication. They depend largely on the
problems of sampling in aerial, aquatic or terrestrial environments and on
the size and mobility of the organisms: an immense literature testifies to
the various means by which the technical difficulties are solved (e.g.,
Caughley 1977, Southwood 1978). But most plant censuses have certain
features in common which demarcate them technically, if not necessarily
conceptually, from those of animals and human beings.

From the evidence I shall review in the pages to follow, I can confidently
assert that most plant censuses have been conducted on a small scale: since
the introduction of the quadrat by Pound and Clements about 1900 this
has tended to be on the almost uniformly small scale of 1 m?. Except for
forest trees (which 1 am not considering in this paper) there are relatively
few examples of plant census on a scale much larger than 10 m?: the most
notable concern the enumeration of the saguaro cactus, discussed later. Tt
seems to be generally true that a census of plants is regarded as a sample
of the typical composition of the vegetation of a more extensive, con-
tiguous area. (I acknowledge F.N. Egerton for making this point specifi-
cally to me.) Nonetheless, the phrase ‘plant census’ may be properly used,
I believe, as long as the sampling conforms to the other features of the
formal definition: the ‘particular place’ for plant census is, however,
usually small (1-10m?), seldom exceeds 102m? and rarely, even for trees,
exceeds 10*m?.

For both annual plants and trees there is, usually, little difficulty in
defining another element of a plant census, the limits of genetically distinct
individuals. The demarcation of denumerable individuals is, however, a
major difficulty in conducting a census of many herbaceous perennial
plants: the most basic requirement of a census is compromised unless some
convention is adopted about what to count. Since perennial herbs com-
prise a dominant part of the landscape in those regions where vegetation
science developed, this problem may have inhibited the earlier growth of
plant demography. But as the nature of plant construction becomes better
understood by plant ecologists (e.g., White 1979, 1984), we may expect
that more sophisticated census techniques will be devised to cope with
the problems of individuality, coloniality, and size plasticity in plant
morphology.

Another feature of a plant census as traditionally conducted, if one may
judge from the published examples, is that it typically involves enumeration
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alone, to the exclusion of other demographic data. Age structures of
populations, for example, have been much more rarely recorded in cen-
suses of plants than of animals. The increased sophistication of plant
census in the past ten years is tending to blur this distinction, but there are
very few examples in the period to 1970 where plant census is not simply
synonymous with plant enumeration. Some reasons for this are readily
apparent, I believe. Cohorts of annual plants may be followed through
time from birth to death in a matter of months: repeated enumeration in
this case provides copious demographic data directly, and indeed of a
quality not easily obtained for many animal populations. The chief dif-
ficulty in plant census arises with the widespread occurrence of coloniality
in plants, particularly in many perennial herbs and shrubs, where demo-
graphic data comparable to those commonly recorded in animals are often
impossible to obtain. Since the main focus of plant census has been on
such plants, as I shall show later, the absence of information on age
structure has been a typical distinction between it and animal census.
There are, of course, comparable problems with colonial animals, but
these have not, until recently, received the attention devoted to insects,
birds, fish, reptiles and mammals by animal demographers. Botanists have
attempted to devise solutions to this traditional demographic difficulty of
ageing perennial herbs: notable in this respect has been the development
of the concept of age-states by Soviet botanists (Gatsuk et al. 1980,
Rabotnov 1978b). Ages may be directly determined for temperate trees,
but measures of size (such as stem diameter at breast height) have been
much more frequently recorded by forest scientists. There are more sub-
stantial difficulties in estimating ages of trees in tropical regions (Bormann
and Berlyn 1981). Excellent census data of various sorts are, of course,
available for many tree populations, but I shall not review them here.

Plant census, then, has been primarily concerned with enumeration,
often with no clear distinction between genetically different individuals.
But insofar as enumeration of known individuals (however defined) in a
population has been repeated, direct and unambiguous demographic
information can be derived on longevity, life expectancy, (calendar) age or
age-state structure, reproductive rates, patterns of recruitment and mor-
tality, the rate and scale of migration, changes in sex ratio (of dioecious
species) and so on. A comprehensive knowledge of all these parameters
constitutes the basis for understanding the population structure of vegeta-
tion.

There is no obvious reason why plants have not played a larger part in
the empirical foundations of demographic theory in biology, the problems
of individuality or plasticity in morphological expression notwithstanding.
This becomes even more apparent when one discovers the considerable
wealth of census data compiled in the first quarter of this century by plant
scientists. Much of it seems to have remained unpublished for many years,
or published outside the mainstream of ecology and never known or soon
forgotten by plant biologists. I shall try to bring to light some of it in the
following pages.
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PLANT CENSUS TO ABOUT 1900

Just as the record of human census is lost in tradition, we may assume that
it will be difficult to recapture fully the history of plant census, except from
printed sources. The modern science of human demography was inaug-
'urated about 1662 by John Graunt in London. The first census was con-
ducted in Sweden in 1751 and by the early nineteenth century human
demography was well established in northern Europe and North America
(e.g., Petersen 1975, Hutchinson 1978). Animal demography was well
developed by the 1940s (e.g., Allee et al. 1949, Hutchinson 1978) and
could draw on a long and even ancient tradition (Egerton 1968). From the
scraps of information I have gleaned from the literature, I think it may be
stated with some confidence at this stage that no formal science of plant
census was initiated before the seminal work of Pound and Clements
which they first reported in 1898: I shall discuss this in the next section.

An important source for the numerology of plants is Darwin’s On the
Origin of Species (1859), as Harper (1967) vividly illustrated, since he was
among the first to count plants in natural vegetation, sometimes in defined
and delimited areas small enough to make accurate and repeated records
through a season. It becomes clearer from his Natural Selection (Stauffer
1975), which unlike Origin contains references, that Darwin could draw on
earlier exemplars. The agricultural journals of the day contained several
examples of plant census in crop experiments, which I shall not review
here; we know that Darwin read these journals (Stauffer 1975). In Natural
Selection he cites some of the observations of George Sinclair (1824) who
sought to determine the botanical composition of natural grassland to
enable him to devise suitable species mixtures and sowing densities for
establishing new pastures. Table 1 reproduces his results, perhaps the
earliest census of plants in semi-natural vegetation.

Table 1. The number of distinct plants and species found combined in a space of one foot
square of the turf of natural and artificial pastures (Sinclair 1824)

Pasture Type Species Number of distinct rooted
number plants per 1 foot?

(= 0.09m?)

Grasses Other Herbs
Richest natural pasture 20 940 60
Rich ancient pasture - 1032 58
Ancient pasture 12 880 30
Ancient pasture 8 510 124
Water meadow — 1702 96
Atrtificial pasture, 2 yr. old, 2 452 18
formed of ryegrass and white clover
6 year old monocultures

Poa augustifolia 192

——

Alopecurus pratensis 80
Lolium perenne 1 75
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Contemporaneous with Darwin’s interest in this subject (e.g., Darwin
1855), the celebrated Park Grass Experiment was established at Rothamsted
in 1856 by Lawes and Gilbert. It still continues, with annual records of the
botanical composition of small plots under a diversity of fertilizer regi-
mens. But plants were never counted in this experiment (Thurston et al.
1976). In a review of its early years Lawes et al. (1882) also called attention
to Sinclair’s work and mentioned (p. 1208) that of Oemler and Fuchs in
Schleswig about 1870, who counted the number of plants growing in one
foot square (= 0.09 m?) of meadowland, listed by species from most to
least numerous: 431 plants altogether. Further work of this kind is rare
and sporadic and not part of any intellectual tradition obvious to me at
present. Botanists rarely counted plants in the nineteenth century, it
seems. Darwin is a striking, but not entirely singular exception. Hoffmann
was counting plants in a competition experiment under semi-natural con-
ditions at Giessen during the 1860s (Hoffmann 1865; see also a brief
anonymous and untitled report in The Gardener’s Chronicle for 14 May
1870). This appears to be among the earliest designed experiments on
plant competition; but the history of such experiments is poorly known
and has not been reviewed since the account given by Clements et al.
(1929).

I have collated in Table 2 the examples I know so far of plant census in
grasslands in Europe during the last century. I have extended the time limit
a little to incorporate the closely related research of two English grassland
scientists, since subsequent research of this type seems to have died out by
about 1920, and results published in plant units (rather than relative
frequency) seems to have ceased by 1912 (Stapledon 1912).

It is apparent from such data that the typical range of plant density in
established grasslands is within the range 10°-10*m~2. Ellenberg

Table 2. Census of plant in grasslands. Densities are expressed as 10° plants m~2 equivalent
P q

Density
6.8-11.2 four old pastures Sinclair 1824
11.9 water meadow Sinclair 1824
5.1 2 yr old pasture Sinclair 1824
0.8-2.1 three 6 yr old monocultures Sinclair 1824
of grasses
8.0 fertile meadow Schnizlein and Frickhinger 1848
in Ellenberg 1952
4.4 (not given) Oemler and Fuchs (undated) in
Lawes et al. 1882
5.4-20.2 six plots in alpine pastures at Stebler and Schroter 1887
730-1031 m, with 17-22 spp.
per sample plot
2.0-6.3 ten old pastures Armstrong 1907
0.7-1.3 four new pastures Armstrong 1907
3.7-6.6 four old pastures Stapledon 1912
2.9, 3.6 two sown pastures, 17 and Stapledon 1912

20yr old
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(1952: 17) cites a range (7-12) x 10°m~? for grasslands generally,
without specific evidence. But what were these grassland scientists count-
ing? The indeterminacy of plant size and the difficulty of demarcating
a denumerable individual have typically been regarded as stumbling
blocks to plant census by plant ecologists (Greig-Smith 1964). Jenkin
(1919), on the other hand, seemed to have had no problem in making
a choice suitable to his purpose: ‘for most plants, the plant unit shall
consist of any portion of a plant possessing an independent root, which
can be separated from others with at least three rootlets still attached to
it’; for Trifolium repens it was ‘any portion of runner up to three inches in
length and bearing functioning rootlets’. However these were not necess-
arily the criteria adopted by other workers. A tiller was usually the
denumerable unit in grasses it seems, without regard to whether or not it
had roots. On the other hand, as indicated in Table 1, Sinclair counted
distinct rooted plants. Consequently, the data in Table 2 are not necessari-
ly comparable and provide no more than order-of-magnitude estimates of
shoot density in grasslands. Indeed to the present day there are no reliable
estimates of the number of genotypes of various species that can be
accommodated on a square metre of natural or semi-natural grassland!
One species alone (Trifolium repens) can be represented by no fewer than
50 distinct genotypes per m* (Trathan, quoted in Harper 1983) in an old
grassland with over 30 species (Turkington and Harper 1979).

Jenkin’s name is omitted from Table 2: although he conducted many
censuses of grasslands in Wales, sometimes in collaboration with Staple-
don (the doyen of English grassland scientists), his results were condensed
for publication to what he referred to as ‘percentage frequency’ measures.
This practice was also adopted by Stapledon (Stapledon and Jenkin 1916)
and by subsequent workers: this has led us, I believe, to neglect their
contribution to plant census hitherto. Other measures of abundance
became more popular among agricultural scientists (Davies 1933), such as
percentage cover or biomass (which had, of course, a long tradition at least
back to Lawes et al. 1882), or frequency based on simple presence/absence
data rather than on numbers of each species. It is however worth noting for
the record the interest expressed by the English agricultural scientist
Engledow (1926) in plant census, even though his attention was directed
to a crop plant.

All these grassland censuses I have quoted were of a simple, non-
repetitive type and could never in themselves have provided an adequate
basis for demographic analyses of plant populations. It is interesting to
record that, as a lecturer at the University College of North Wales,
Bangor, Jenkin was the first to count plants at the College Farm, Aber, a
location which was to become celebrated, half a century later, for plant
census by a distinguished school associated with John Harper. But in the
intervening period, the focus of plant census was elsewhere: repetitive
censuses of plants were first conducted in the deserts and prairies of North
America, not in the pastures of Europe.
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PLANT CENSUS IN PERMANENT QUADRATS: THE
INNOVATION OF POUND AND CLEMENTS

‘In determining the abundance of species, appearances are extremely
deceptive . . . closer analysis of the floral covering proved that the
conclusions formed from looking at the prairie formations and from
long field experience, without actual enumeration of individual plants,
were largely erroneous’ (Pound and Clements 1898). ‘Actual field
experience has shown that species which appear most prominent in the
constitution of the prairies, even to the careful observer, are not necess-
arily the most abundant . . . To ensure accurate or even approximately
accurate results, it is necessary to resort to some method of actual
count’ (Pound and Clements 1900).

The invention of the quadrat

The tradition of enumerating plants in plots (‘quadrats’, they came to be
called) is due mainly to Pound and Clements in their botanical inventory
of Nebraska in the 1890s. Whereas earlier botanists (such as Darwin) had
counted plants in small areas or turfs, Pound and Clements advocated and
practised the method to the extent that within a decade it had become a
standard technique in the emerging sciences of plant and rangeland ecol-
ogy. Their priority and influence has been widely acknowledged (e.g.,
Schroeter 1910, Tansley 1923, Lidi 1930, du Rietz 1930) although
Clements himself (1916: 425) noted earlier attempts by Sinclair, Darwin
and others. Pound did not continue his researches on vegetation, devoted
less and less time to them after 1898 and by 1907 had abandoned them
completely in favour of a legal career: he later became a famous juris-
prudent and Dean of Harvard Law School. Clements on the other hand
soon became the most influential ecologist of his time, ‘by far the greatest
creator of the modern science of vegetation’ (Tansley 1947), with a pro-
digious output of research. The credit for the promulgation of the per-
manent quadrat and plant census approach to vegetation may be con-
fidently ascribed to Clements, while noting Pound’s early contribution.
Clements is nowadays regarded (and correctly in my opinion) as having a
too-idealistic notion of vegetation development, but he has received con-
siderably less than due credit as the creator of the science of plant demo-
graphy. His innovation of repeated census of mapped individuals belies his
reputation nowadays as a metaphysical theorist of vegetation. To redress
the omission I shall give a somewhat detailed, though given his influence
still rather cursory, account of his particular contributions to plant census.

Already by 1897 Pound and Clements had made ‘a large number of
enumerations of the individual plants . . . in plots 5 meters square’ in
Nebraska, although ‘the method involves no little labour’ (Pound and
Clements 1898). These were all simple censuses and did not involve
mapping. Tobey (1981) in an important historical and sociological analysis
has meticulously traced the intellectual history which led to Pound and
Clements’ development of both census and quadrat techniques. He argues,
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convincingly I believe, that they reformulated plant geography on a new
conceptual base: their novel methodology prised plant ecology from its
geographical antecedents and thrust it as a new science into the twentieth
century. Tobey (1981: 48) dates their ‘leap into numerical quantification
of ecology’ to 1896, when both were members of C.E. Bessey’s botanical
group at the University of Nebraska and were engaged on writing The
Phytogeography of Nebraska. The major influence appears to have been
Pound’s reading of Drude’s Deutschlands Pflanzengeographie (1896) which
he reviewed for American Naturalist in June 1896. Their ‘profound epis-
temological shift’ was, Tobey argues, a continuation of the intellectual
movement initiated by Darwin to a statistical theory of natural selection,
though neither was consciously aware of themselves as bringing to ecology
the Darwinian approach. They were, it seems, unaware of Darwin’s (1859)
quadrat-like method, though Clements (1916) acknowledged it later.

Within a decade the quadrat approach to vegetation analysis was in full
bloom and was consolidated with typical pedagogical thoroughness by
Clements in the first American textbook of ecology, his widely influential
Research Methods in Plant Ecology (1905, it is now back in print.) This was
one of the finest first fruits of the new science of plant ecology, a funda-
mental break with nineteenth century naturalism: sense impressions of
vegetation could not be trusted without accurate counting and other
quantitative techniques. The new quadrat method provided the foun-
dation for a dynamic approach to understanding vegetation change. And
despite the more recondite features of Clements’ subsequent theory of
vegetation succession (notably its analogy with the ontogeny of an organ-
ism), it was founded on a dynamic population concept, quite Darwinian
in its thrust: ‘the most striking feature of succession lies in the movement
of populations, the waves of invasion, which rise and fall through the
habitat from initiation to climax’ (Clements 1916: 3).

Research Methods in Plant Ecology was published at a propitious
moment, a year after W.G. Smith and A.G. Tansley had initiated the
committee that eventually (in 1913) became The British Ecological Society.
Blackman and Tansley (1905) hailed its publication in a twenty-seven page
review, Tansley condensed it into a pamplet for fieldworkers (Smith 1905)
and later incorporated it into his Practical Plant Ecology (Tansley 1923).
In a chapter which opens with a statement on ‘the need of exact methods’,
Clements (1905) described the various types of quadrat record which
might be employed. The simplest was the list quadrat, a list of the numbers
of each species at one particular time. Certain rules of thumb were
proposed for that traditional difficulty of plant census: the delimitation of
plant individuals. He had a low opinion (p. 167) of ‘mere number’, with-
out some ancillary indication of plant size. The chart quadrat, typically
using a 1 metre-square plot, was used to map individual plants and the
outline of clusters of shoots if discrete individuals were indistinguishable.
Clements saw its purpose for comparing the developmental stages of
various communities within the same vegetation formation. If either list
or chart quadrats were recorded more than once they became permanent
quadrats, but in practice only chart quadrats could meet the usual
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requirement of following identifiable individuals. Permanent quadrats
were the key to understanding ‘invasion or succession . . . the gradual
effects of competition . . . minute changes as they are ocurring’. So simple
a technique we now take for granted, but it was invented by Clements!
Finally, he advocated the use of denuded quadrats, a permanent quadrat
from which plants have been removed after being mapped. His strong
experimental bias to ecological investigation saw in these the means to
study the details of invasion and competition in vegetation.

The intellectual debt of present day plant demographers to Clements
is scarcely acknowledged, perhaps because his advocacy for census was
channelled mainly through rangeland scientists in the western United
States rather than through the academic schools of plant ecology at
Chicago, Cambridge or Montpellier. Tobey (1981) has admirably shown
how influential he was among US grassland ecologists, chiefly through
his student John Weaver. Clements taught at the University of Nebraska
from 1898-1907, then at the University of Minnesota until 1917 where
Weaver received his Ph.D. under him in 1916. Weaver then taught at
Nebraska for the next 40 years where he promulgated Clements’ ideas
and became the most productive research worker on prairie grasslands
(Tobey 1981). Weaver (1918) reviewed the progress to that date on the
use of quadrats which indicated its widespread acceptance. Clements
himself, we may assume, continued to use them from the 1890s, but it
is not until he joined the Carnegie Institution of Washington in 1917
that we can follow his activities easily in the published record. We know,
however, that during the summers of 1907 and 1908 he made frequent
use of quadrats to count tree seedlings for his study of the life history
of lodgepole pine forests (Clements 1910), the earliest detailed plant
demographic study known to me. While this paper has neither the pre-
cision nor polish of modern accounts of plant population biology, it is
remarkable for its time, with details of age structures of trees, ages of
bushes and herbs, cone and seed production, seedling numbers and sur-
vivorship and effects of interspecific competition on seedlings. It remained
unique for many years. Clements himself never published a comparable
study again.

Clements and rangeland science

Clements joined the Carnegie Institution of Washington in 1917 and
stayed in its employment until he retired in 1941. His activities are
recorded annually in the Yearbooks of the Institution, the accounts of
plant ecology under his direction swelling progressively from 4 pages in
1918 to 25 pages by 1921 and 37 pages by 1926. During his early years in
the Institution we may glimpse his activities in permanent quadrat
research, often in collaboration with rangeland ecologists. Clements found
a ready audience among these scientists, not least because many of them
were trained by Weaver in the Clementsian tradition and well prepared for
employment in experiment stations and federal research agencies (Tobey
1981). Tobey has documented the collaborative research networks and
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coauthorships of the Clements-Weaver ‘invisible college’, which was
extensive throughout the western United States.

The problem they faced is simply stated. By the 1880s ranges in the
western states had been overstocked; the era of free and abundant grass
and of great buffalo herds was past. Droughts and blizzards exacerbated
the difficulties for grazing cattle. A botanical evaluation of the rangelands
was initiated by the Department of Agriculture and conducted by
F.V. Coville about 1898 and within the next ten years the science of range
management was progressively established by extensive surveys of range
conditions from Texas to Oregon (Chapline et al. 1944, Talbot and
Cronemiller 1961). Tracts of land were set aside to study ways and means
of improving worn-out ranges; a wide variety of experimental observations
on exclosures was begun from about 1907 onwards (Chapline et al. 1944).
Clements’ Research Methods in Plant Ecology (1905) was the leading
available pedagogic manual for analysing the vegetation.

In his first year at the Carnegie Institution Clements ‘made a close
scrutiny of grazing conditions’ in Arizona, New Mexico, Colorado, Utah,
Wyoming, Nebraska, North Dakota, Montana, Oregon and California;
‘the grazing industry is in a critical condition throughout the entire West
and immediate action in accordance with the scientific results is impera-
tive’ (Clements 1918). He mentions studies already initiated on ranges at
Santa Rita (Arizona), Jornada (New Mexico), Mandan (North Dakota)
and at the Utah Grazing Experiment Station. (All of these, as we shall see
later, have provided significant data on plant census.) A year later he
reported (Clements 1919) that considerable numbers of permanent
quadrats were being installed and charted in several states, often in co-
operation with range scientists, a theme repeated in successive years
(Clements 1920, 1921, 1922, 1923, 1924a, b, 1925). His collaborators
within the Carnegie Institution were his wife Edith and J.G.V. Loftfield.
He appears to have supervised two series of permanent quadrats, one for
the empirical study of succession in natural or semi-natural vegetation and
another for grazing research; these are reported on separately for a
number of years. He recognized (Clements 1919) that ‘the unique value of
each permanent quadrat increases with each year’s change and the record
of it, and it is proposed to summarize the results at intervals of 5 to 10
years’. He stated that in 1919 the grass quadrats at Santa Rita near
Tucson, Arizona were charted for the first time; this was a co-operative
project he had begun with the U.S. Forest Service, the U.S. Biological
Survey and the University of Arizona in 1918 (Clements 1927). Though it
has not hitherto been appreciated, some of these are the quadrats on which
Canfield (1957) based his analysis of survivorship of 48,000 plants, a paper
now celebrated among plant demographers since its ‘rediscovery’ by
Williams (1970a) and reanalysis by Sarukhan and Harper (1973).

By 1920 the use of permanent quadrats had been extended by Clements
to the majority of the plant associations of the west; about 200 in all were
being recorded (Clements 1921). He had initiated transplant and seeded
quadrats with Weaver in 1918 and these were expanded in 1919 to sites in
Nebraska, Kansas and Colorado, and were recorded annually. Their
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diversity had increased greatly by 1925 to include studies on competition
with Weaver and Hanson (Clements 1924a, b, 1925, 1926). Clements
(1921) emphasized the need to identify each individual plant on the charts.
An innovation had been introduced at Santa Rita in 1919 to which he
drew attention: the use of the pantograph by Robert Hill to chart the
quadrats (Hill 1920). Clements was now using this and making records on
tracing sheets to allow superimposition of annual records (Clements
1922). A considerable number of new quadrats installed in 1922 were
being ‘adapted to life-history studies by means of charting at intervals of
2 weeks or a month during the growing season and at longer intervals
between’ (Clements 1923). By 1923 the work had been ‘expanded until 300
quadrats are being charted at the end of each growing season or oftener,
and almost as many more are charted at longer intervals. Many of these
have been charted for 6 years at regular intervals. They have been
tabulated during the year and the data are at present being compiled’
(Clements 1924a). This refers to the work on natural vegetation alone, I
think, exclusive of the grazing research quadrats at Santa Rita and else-
where. Loftfield (1924) reported on his continuing work in Northern
Arizona, where he had been investigating the effects of rodents on vegeta-
tion: ‘the life histories of Stipa commata, Agropyron smithii, Sporobolus
cryptandrus, Bouteloua gracilis, B.eriopoda and others, have been worked
out in considerable detail’; the results had been summarized and would
soon be published, we are informed. A more complete report of these
particular investigations (Taylor and Loftfield 1924) did not include cen-
sus data from the quadrats; Clements was acknowledged for his advice
and assistance in organising the experiment and for ‘making provisions for
charting the vegetation’.

Where are these reports? Where are the summaries promised at 5 to 10
year intervals? They constitute some of the most comprehensive and
sustained research on plant census ever undertaken, but as far as I know,
have never been published. Clements had been with the Carnegie Insti-
tution in Tuscon, Arizona from 1917 to 1924, although he travelled widely
and had a separate Alpine Laboratory in Colorado. (His wife later gave
a highly personalized narrative of their travels together (Clements 1960)
but it lacks a useful account of his research on quadrats.) In 1925 he
founded a Coastal Laboratory near Santa Barbara, California and moved
there. The diversity of his research by this time was amazing and per-
manent quadrat research was much less conspicuous than formerly: there
is almost nothing about it in the Yearbooks of the Institution after
1925, beyond a few retrospective comments on the Santa Rita quadrats
(Clements 1927, 1930). Again publication was promised: ‘the first progress
report on the exclosures and related problems is being prepared for
eventual publication’ (Clements 1930), referring to the first 12 years of the
Santa Rita experiment. But that seems to be the last we hear of them until
Canfield (1957) resuscitated some of them. In 1925 also Loftfield resigned
according to the Yearbook and in 1926 the U.S. Department of Agricul-
ture took over the mapping of his quadrats in N. Arizona (Clements 1926).
The detailed history of all this research remains to be investigated, but it
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seems at first sight that Clements’ research programme on permanent
quadrat charting, in which he was evidently assisted greatly by Loftfield,
ceased in 1925. The whereabouts of his mapping records and research
summaries are not known to me. If they still exist, they would provide a
fascinating record of Clements as a pioneer plant demographer and a
treasury of plant census.

CENSUS OF DESERT PLANTS

The Carnegie Institution of Washington was probably the most important
source of funding for plant ecology in the first thirty years of this century
(Mclntosh 1983). For a time it employed the best group of plant ecologists
(in a broad sense) in the world, including Cannon, Clements, McDougal
and Shreve. It published many of the early classics of the new science, such
as Clements’ massive Plant Succession (1916), and maintained a diversity
of botanical research laboratories. Almost as soon as it was established in
1902 a group of botanical advisors (chaired by Coville) recommended the
establishment of a desert research laboratory (Cittadino 1980). This was
constructed the following year on Tumamoc Hill, near Tucson, Arizona
and still exists (McGinnies 1981). It soon became the focus for outstand-
ing botanical research on deserts, as McGinnies (1981) has shown. And this
included plant census. Clements appears to have been only casually associ-
ated with it although he lived in Tucson and wrote his annual reports on
ecology from 1917 to 1924 from Tucson. McDougal provided laboratory
facilities for him (J.E. Bowers, personal communication) and he did
experimental work on water relations of plants there; but he conducted
extensive researches elsewhere and is not considered to have been regularly
associated with the Desert Laboratory (W.G. McGinnies, personal
communication).

The first census was conducted on a large scale under the supervision of
V.M. Spalding after he joined the Desert Botanical Laboratory in 1905.
The most notable species in the vicinity was the giant saguaro cactus,
Carnegiea gigantea and this was mapped plant by plant over an area of
about 700 ha on a scale of 1 :6000. Thousands of plants are shown on the
published map, the earliest example known to me of a detailed plant
census on this scale (Spalding 1909). The more generalized distributions of
other species were also reported, with indications of their relative density
over the area, but precise data were only published for Cercidium torrey-
anum (now C. floridum).

In 1964 and again in 1970 J.R. Hastings and R.M. Turner remapped
(on aerial photographs) and remeasured all saguaros on four plots of c.
11 ha. each, facing the four cardinal points on the slopes of Tumamoc Hill.
These overlap part of the extensive area mapped by Spalding. From direct
observations of individual growth rates over time, a height-age relation-
ship may be calculated for saguaro (Hastings and Alcorn 1961) and using
such a conversion factor, Turner has been able to estimate the age struc-
ture of saguaros on these four plots. In addition, he has remapped (in
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1964) all the surviving individuals of Cercidium floridum originally sur-
veyed by Spalding, and found a marked decline in population since 1908.
(I am indebted to R.M. Turner for information on the modern census of
plants at Tumamoc Hill.)

In 1906 Spalding established and mapped nineteen 10 x 10m? qua-
drats near the laboratory to enumerate the perennial plants (Spalding
1909), but he did not repeat the census because he retired soon afterwards,
incapacitated by illness. The plots received further attention from Forrest
Shreve who joined the Laboratory in 1908 and remained with it until the
Carnegie Institution withdrew its support in 1940. The census approach
begun by Spalding was extended by Shreve. At long intervals (1910, 1928
and 1936) he remapped five of the original 100 m* plots and laid out two
new areas, known as A and B. Area A was 557m?, a slightly irregular
rectangle, and established in 1910; plants were counted but never mapped
(Shreve 1917). Area B consisted of 8 contiguous 10 x 10m? plots and was
established in 1928; plants were mapped and counted. The history of all
these permanent plots was summarized to 1936 by Shreve and Hinckley
(1937).

From the outset Shreve was interested in plant demography, as one of
his first papers indicates: this was a study of seedling survivorship of
paloverde (Parkinsonia microphylla, now Cercidium microphyllum)
(Shreve 1911). By 1917 he had sufficient data from his plot (Area A) on
Tumamoc Hill to present a table on the germination and survivorship of
annual cohorts of this species. Although they constitute the first survivor-
ship curves for a plant species known to me (Table 3) they have been
hitherto neglected by plant demographers. Of 1370 germinated seedlings
in the preceding eight years only 19 survived in 1917 (Shreve 1929). Census
details of the perennials on some of Spalding’s plots (nos. 11, 12, 15, 16
and 17) were given by Shreve, following his remeasurements in 1910 and
1928 (Shreve 1929): deaths and additions are noted. By this time he was
coming to appreciate the longevity and dynamics of the desert shrubs and
cacti; this was given its final expression after his census of 1936 (Shreve and
Hinckley 1937). Over the years the five Spalding areas he mapped had

Table 3. Survivorship of cohorts of Parkinsonia microphylla which germinated on plot A
(557 m?) at Tumamoc Hill near Tucson, Arizona from 1910 to 1917. The numbers shown for
1909 include survivors from previous years. From Shreve 1917.

Year 1909 1910 1911 1912 1913 1914 1915 1916 1917

1909 303 189 19 16 7 6 6 6 6
1910 542 62 35 16 4 3 3 2
1911 122 49 6 1 0 0 0
1912 151 24 3 3 3 2
1913 34 5 2 2 2
1914 7 2 2 2
1915 0 0 0
1916 29 5
1917 38
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increased their total plant populations from 530 to 1401 individuals, an
increase which was due primarily to the absence of grazing since 1907
around the Desert Laboratory. The average length of life of the six large
perennial species on the plots he calculated to be about 90 years, based on
his census data. These estimates are no more than inferences, I should add,
since Shreve gives no evidence of applying formal demographic theory to
his data. Nonetheless they are remarkable for their time. The continuing
records from these sites should provide further information, but no details
have been published since 1937. The census history of the mapped plots
to the present time is given in Table 4 (Martin and Turner 1977; R.M. Tur-
ner, personal communication): they are the longest observed permanent
plots on which plants have been censused. The numbers of saguaros on
plot 15 from 1906 to 1977 have been published by Martin and Turner
(1977) and a more comprehensive report is in preparation (D.E. Goldberg
and R.M. Turner, personal communication).

The saguaro cactus, mapped so thoroughly around Tumamoc Hill since
1906, has perhaps attracted more attention than any other single species
from plant census takers. There is another remarkable series of records
from the Saguaro National Monument near Tucson, Arizona which has
remained poorly known to plant demographers. During four months from
November 1941 to March 1942 12,898 saguaros were censused and map-
ped on an area of 640 acres (= 259 ha) by two plant pathologists, L.S. Gill
and P.C. Lightle. This was part of an investigation of the occurrence of
bacterial necrosis in this huge population, following extensive deaths of
saguaros in 1939 and 1940 (Steenbergh and Lowe 1977). Each plant was
examined annually until 1945 and thereafter annual records have been
kept until the present time (except in 1949 and 1953) on plants in only 6
of the original 64 ten-acre plots. Mortality by height class of plants and by

Table 4. Dates of mapping and census on permanent plots at the Desert Botanical Labora-
tory, Tumamoc Hill near Tucson, Arizona (post-1936 dates courtesy of R.M. Turner,
personal communication).

Plot No. 1906 1910 1928/9 1936 1948 1957 1959 1960 1967/8/9 1974/5 1978

4%

+ +
++
+

+ +

+ o+ o+

+ (destroyed)
+ o+

+H+++ A4+
+
+
e
+

+ 4+ +
+4+++ ++

+
+ +tt+t++++++

*Of Spalding’s original 19 plots nos. 1, 2, 3 and 5 were destroyed and not recensused; nos.
6, 8, 13, 18 and 19 have not been relocated.
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causal agent was carefully documented. The original detailed reports from
1941 to 1951 have been reprinted as a lengthy appendix to the study on the
demography of saguaro by Steenbergh and Lowe (1983). An interim
account was given by Alcorn and May (1962) on the subpopulation on the
6 ten acre plots. Between 1942 and 1961 29% of the 1475 plants died, most
of them over 4 m. high: the depletion pattern was linear on a linear plot,
from which the authors projected the complete destruction of the popula-
tion in a further thirty-five years, if the same rate of decline continued.
This is one of the few examples of population projection, albeit somewhat
crude, for a plant which is based on long-term census data. Examples of
the decline in this particular population are shown photographically by
Hastings and Turner (1965: Plate 61).

Steenbergh and Lowe (1983) report further demographic details of some
of these plots to 1975, and the records continue to be updated (R.M.
Turner, personal communication). It is now believed that bacterial
necrosis is not a primary cause of saguaro deaths, but is, in adult
individuals, a decomposition process which results from damage to living
tissues, primarily by freezing temperatures (Steenbergh and Lowe 1983).
Nonetheless, the pathological symptoms stimulated the undertaking of the
very detailed census originally. The various threats to the saguaros have
prompted several studies of their life history, some of which have been
published (e.g., Niering et al. 1963, Turner et al. 1969, Steenbergh and
Lowe 1977, 1983) and yet others remain unpublished. J.R. Hastings and
R.M. Turner established several permanent plots about 1960 to chart the
growth and mortality of populations as part of a long term study: some
2,000 individuals are observed at irregular intervals. An almost eighty-
year old record of demographic research on saguaro has provided us with
one of the most comprehensively studied examples of the population
biology of any plant species, but curiously it has remained almost neglected
by plant demographers.

Desert plants are relatively easy to count even from photographs and
there is a long tradition of doing so by this means, as Hastings and Turner
(1965) have shown in their splendid photographic analysis. Steenbergh
and Lowe (1983) give some examples for saguaro. Martin and Turner
(1977) have provided several further examples: changes in abundance of
Haplopappus tenuisectus (burroweed) on the Santa Rita Range from
1922 to 1975 are sufficiently recorded photographically to provide a useful
account of its long-term dynamics, which appear to be governed by
cool-season rainfall; comparable photographic data are shown also by
them for Opuntia fulgida from 1905 to 1975 and for Prosopis juliflora from
1903 to 1975. The use of photographs for monitoring changes in perennial
vegetation became widespread in rangeland ecology from an early date
and insofar as individual plants can be recognized they constitute impor-
tant evidence of long term trends in plant numbers. Photography was
recommended by Clements as a normal part of recording permanent
quadrats.
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PLANT CENSUS ON NORTH AMERICAN RANGELANDS

In a lengthy report prepared for the United States Senate in 1936 on the
quality of grazing lands in the western states, the authors of the chapter
entitled “The White Man’s Toll’ noted that their conclusions were based
on the observations of ‘more than 100 Forest Service officials, skilled in
judging range conditions . . . through periodic reexamination over many
years of 6300 permanently marked sample plots’ (United States Senate
1936). In the extensive prairies and semi-desert grasslands in the western
half of the United States the census of plant populations on permanent
quadrats was practised on a very large scale during the period 1910-1950.
The tradition which fostered it was associated with the schools of ecology
and range science centered in the western Universities, notably Nebraska
(Ares and Campbell 1974: 23). ‘Nebraska graduate students were well
prepared by their training in the Clementsian microparadigm for employ-
ment in experiment stations and in federal research agencies, such as the
Forest Service . . . and the Department of Agriculture’ (Tobey 1981). The
‘Clementsian microparadigm’ to which Tobey refers was the approach to
the study of plant-habitat interrelations which Clements had advocated in
numerous publications, such as Plant Succession (1916). The techniques
had been clearly set out in Research Methods in Plant Ecology (1905) and
subsequently elaborated. They included, as I have shown earlier, a strong
empbhasis on the use of permanent quadrats and quantitative measures of
plant abundance, such as census. It is a small wonder then that over the
years a huge fund of information on plant census in permanent quadrats
was accumulated. But much of it remains to this day unpublished and is
only gradually being rediscovered by contemporary plant demographers.
In this section I shall call attention to some of it, insofar as I have gleaned
it from the published record: though meagre compared with what evidently
remains unpublished, this was the most comprehensive (but neglected)
source of information on plant population biology until recent times.
The general tenor of the report prepared for the U.S. Senate in 1936 was
that there had been serious depletion in range quality in the previous few
decades: ranges had undergone about a 50% reduction in grazing capacity
for domestic livestock compared to their virgin condition a half century or
more earlier. The severity of the depletion increased from northern to
southern states. This had been caused by excessive stocking of animals
and almost unrestricted grazing. The unregulated use of ranges had been
a growing problem since about 1880. Following an investigation by F.V.
Coville a programme of range management and research was initiated
about 1900 and the first decade of the century saw the genesis of a new
science of range management (Chapline et al. 1944, Talbot and Cronemiller
1961). Experimental reserves on which grazing was restricted were estab-
lished. Among the first of these was the Santa Rita Range Reserve in
southern Arizona, which was fenced out of the public domain in 1903 and
set up by Presidential proclamation in 1910. In 1907 a series of studies was
begun by the Forest Service in co-operation with the Department of
Agriculture to determine the grazing capacity of land within the national
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forests of the western states. Over 500 reseeding experiments with culti-
vated forage plants were begun in 1907, for example (Coville in Sampson
1913a).

An intrinsic and quite explicit part of these studies was to seck an
understanding of the growth habits and life cycles of important range
plants. Coville selected one of Clements’ students at Nebraska,
A.W. Sampson, to carry out such an investigation on the sheep ranges of
the Wallowa National Forest in northeastern Oregon (Coville in Sampson
1908). In the same summer (1907) as Clements was studying the life
history of lodgepole pine, Sampson began charting permanent quadrats at
Wallowa, paying special attention to seedling numbers on about 300
metre-square quadrats (Sampson 1914). ‘Special attention was directed to
the time and conditions under which the seeds germinate in the spring,
when the flower stalks are sent up and when the seeds are matured and
disseminated . . . it was considered of high importance to secure accurate
and reliable information on the rate at which plants are invading over-
grazed areas and becoming established upon them’ (Sampson 1908). By
following the fate of seedlings for several years Sampson determined the
survivorship and age of first reproduction for several species (Sampson
1914). Officially entitled ‘Expert in Plant Ecology’ in 1907, and later ‘Plant
Ecologist’, he must have been one of the earliest botanists to have such a
professsional appellation, a sign of the impact of the developing science.
He believed that the growth requirements of range plants could ‘best be
determined by a study of individual species throughout their life-cycle’.
But his papers contain few quantitative demographic data, unfortunately,
and leave one with an impression that he became more interested in
morphological generalities than in precise details of life-cycle parameters
(e.g., Sampson 1913b, 1917, 1919, 1924, 1926). One may at least observe
that he did not report the details: maybe they were accumulated and in the
absence of any formal theory of plant demography were drawn upon to
make those more general statements on grazing tolerance which were
required by the cattlemen to whom they were primarily directed. Sampson
later became one of the leaders of the new science of range management
(e.g., Sampson 1952) but was also, clearly, a pioneer plant demographer.

An expanding organization of research led to the establishment of
numerous experimental areas throughout the western States in the follow-
ing decade (Chapline et al. 1944). As I have indicated earlier, Clements was
a participant in this research until about 1924.

Santa Rita Experimental Range

This range was fenced and cattle removed in 1903. Grazing was permitted
again as grazing studies began about 1912 and several exclosures were
established on the grazed areas between 1916 and 1920. Photographs were
taken at regular intervals to monitor changes in the vegetation (Martin
and Reynolds 1973, Turner et al. 1980). A large series of metre-square
quadrats was set up on some of the 235 study areas located throughout
the range and they probably still exist (W.H. Kruse, Santa Rita, personal
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communication 1983). Charting was initiated by R.R. Hill in 1918, in
association with Clements (Clements 1920). (Hill (1917) had earlier shown
his interest in plant census by reporting the causes of mortality of trees.)
Eighty quadrats were mapped each year according to Hill (1920) who also
stated that as many more were to be established. On these plots, Hill
introduced the pantograph to plant ecology. Data were recorded annually
until 1935 when the last charting was done. It is not clear who carried out
the recording: Canfield (1957) mentions Hill and M.J. Culley; it was not
done by Canfield himself, since he did not move to Tucson until 1935 from
the Jornada range in New Mexico (Ares and Campbell 1974). Some were
examined in later years by researchers working on separate, independent
studies, but there is no record of any formal publications. The basic field
data are still available, along with 80 years of other data on the exclosures.

Hill appears to have published nothing further on the quadrats. A
report on their floristic composition appeared (Canfield 1948) before
Canfield’s now celebrated paper containing records on the life-span of
48,000 individual plants (Canfield 1957). This paper remained in obscurity
to plant demographers until it was rediscovered by Williams (1970a) and
used by Sarukhdn and Harper (1973), thus forging a remarkable link in a
research tradition of plant census back to Clements in 1918. Canfield’s
paper is less than satisfactory for a full understanding of the extent of
quadrat research at Santa Rita, because he did not indicate precisely the
scope of his database: ‘meter-square quadrats were established at numer-
ous sites on rangelands subject to yearlong grazing’. The data he reported
cover the 17-year ‘chartograph’ record, from which he was able to deter-
‘mine the life spans of individual plants and survivorship of cohorts. But
his account is clearly only preliminary and the original data would doubt-
less provide much new information to a demographer. Canfield (1948) had
previously indicated that the composition of mesquite grassland under
heavy grazing was observed on 127 metre-square quadrats charted annu-
ally from 1915 to 1935, and that annual chartings were done for the same
period on foothill type ranges, without stating the numbers of quadrats
involved; presumably Hill’s (1920) intention to establish further quadrats
had been fulfilled.

The Santa Rita Range has been the focus of several studies on the
demography of shrubs. Brown (1950) reported changes in shrub numbers
from censuses of mapped plants in three one-hectare blocks (variously
protected from grazing) in 1931, 1940 and 1949. Shrub numbers increased
from 1305 to 2443 under open grazing, from 651 to 1343 under protection
from cattle grazing and from 616 to 930 under complete protection from
cattle and rodent grazing, during the 18-year period. Two of the com-
monest shrubs involved were mesquite (Prosopis juliflora) and burroweed
(Haplopappus tenuisectus), both of which were the subject of more detailed
investigations. Parker and Martin (1952) reported the results of observa-
tions on the numbers of mesquite plants from 1932 to 1949. The influence
of increasing abundance of mesquite on perennial grasses was recorded in
large numbers of permanent quadrats, but only ground cover data were
collected, it seems. Glendening (1952) also recorded census data of
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mesquite and other desert shrubs and cacti over a 17-year period, but used
only two censuses, 1932 and 1949. Further details of the demography of
mesquite, including the survivorship of seedlings in permanent quadrats
subjected to various treatments, are reported by Glendening and Paulsen
(1955). Tschirley and Martin (1961) reported the dynamics of burroweed
on permanent plots using photographic records, from 1922 to 1958, and
these have been updated to 1975 by Martin and Turner (1977). Survivor-
ship of grasses associated with burroweed was monitored for four years
(Tschirley and Martin 1961).

More recently Cable (1979) has recorded the depletion of 250 marked
plants of Trichachne california (one of the grasses dealt with by Canfield
in 1957) at Santa Rita from 1961 to 1975: after 15 years 31 of 200 grazed
plants were still alive, including one of the largest and one of the smallest
plants originally tagged; 17 of 50 plants protected from grazing were still
alive.

Reading these studies on the demography of plant species from the
Santa Rita Experimental Range, one is continually reminded that in
southern Arizona at least Clements’ advocacy of a numerate vegetation
science had found a receptive audience. Many of these range scientists
were plant demographers in all but name: they seem to have taken it for
granted that a proper understanding of plant life history was the secure
foundation for scientific range management. Their approach to the analy-
sis of vegetation provides a remarkable constrast to that of more academic
plant ecologists at about the same time, as I shall show later.

Jornada Experimental Range

The Jornada Experimental Range near Las Cruces in New Mexico was
established in 1912 and was operated until 1915 by the Bureau of Plant
Industry, when its administration passed to the Forest Service. Its history
has been vividly recounted by Ares and Campbell (1974), and contains
among its many illustrations one of Campbell himself and R.H. Canfield
in an ‘air-conditioned” Model-T Ford car ‘en route to field, charting
quadrats’ in 1928. Charting quadrats began at Jornada under the direction
of W.R. Chapline in 1915 and continued for many years as an important
part of its research activity. About 90 quadrats have been mapped and
censused for several decades and a slightly greater number have been
observed for periods of 5-30 years. With the exception of a few years
between 1954 and 1967, the records on the long-term quadrats had been
maintained annually since 1915 and were last made in 1968 (Wright 1972),
a remarkable history of plant census, unrivalled so far to my knowledge
for its frequency and duration.

The Jornada range is an extensive area (7.3 x 10*ha) of semi-desert
rangeland; the history of vegetation changes on it in modern times has
been comprehensively summarised by Buffington and Herbel (1965). More
detailed changes on mapped belt transects over the period 1935 to 1980
have been described by Hennessey et al. (1983). The open nature of the
vegetation facilitated the accurate mapping and census of various bunch
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(tussock) grasses, of which by far the most important species for animal
grazing were Bouteloua eriopoda (black grama) and Hilaria mutica (tobosa
grass). The life history of black grama was the focus of the earliest
investigations on numerous permanent quadrats, subject to various
degrees of protection from grazing. The first thirteen years of census data
(to 1927) on 38 metre-square quadrats were reported by Nelson (1934), a
valuable account of the morphology and population dynamics of black
grama. Though the paper lacks formal demographic concepts, it shows
clearly the sophistication achieved in plant life-history studies by 1930
among range scientists: the relative importance of revegetation by seed
and by vegetative propagation (stolons) were carefully investigated for
example, and have scarcely, in my opinion, been emulated to the present
day. This paper is a neglected minor classic of plant demography. It was,
in fact, completed (anonymously) by W.R. Chapline, since Nelson had left
Jornada in 1924 (Ares and Campbell 1974).

About this time Campbell (1931) published information (based on
permanent quadrat censuses) on Scleropogon brevifolius and Hilaria mutica.
We also learn from him that Hill’s pantograph technique was introduced
to the Jornada range in 1925. Further census studies on black grama and
tobosa grass followed: for example, Canfield (1939) reported 11 years’
census data of plants under various clipping treatments. Long-term trends
(1916-1953) in the performance of black grama on quadrats were sum-
marized by Paulsen and Ares (1961).

The recent resuscitation of the permanent quadrat census records is due
to C.H. Herbel, who began a comprehensive research programme on the
Jornada range in 1956 (Ares and Campbell 1974). The first fruit of this was
the synthesis of the records by Dittberner (1971) under Herbel’s direction:
for the first time the data from 53 years of charted quadrats were treated
by modern demographic techniques. The results of this thesis mostly
remain unpublished, unfortunately, since they are based on uniquely
detailed and long-term census data. About 80 quadrat maps were photo-
graphed, scanned electronically and the co-ordinates of each plant recorded
on magnetic tape for computer analysis (Dittberner 1971, Wright 1972).
Life-tables were constructed for 17 species of grasses and other herbs.
Maximum lifespans of grasses ranged from 11 years for Aristida divaricata
to about 25 years for Bouteloua eriopoda; the longest lifespan of a forb
(non-grass herb) was 15 years, for Croton corymbulosus. (I am grateful to
P.L. Dittberner for permission to cite his thesis.) Some data on mean
lifespan (e, at birth) were reported by Herbel et al. (1970), but most of
these were revised by Dittberner (1971), which should be regarded as the
definitive analysis. Grasses had mean lifespans ranging from 1.7 years for
Sporobolus flexuosus to 2.2 years for Bouteloua eriopoda (Wright 1972).
Survivorship curves were typically Deevey Type I1I (Deevey 1947), and
mean lifespans varied from 8-29% of maximum lifespans (Wright 1972).
The need for long-term census records to calculate these demographic
parameters is manifest: they exist for very few plant species.

Further information on the life history of seven perennial grasses using
census data from 35 of the long term permanent quadrats has been
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reported by Wright and van Dyne (1976). Age-specific survival rates
increased, on average for all species, from 0.39 at age | to a maximum of
0.68 at age 7 and declined subsequently to 0.48 at age 12; the risk of death
was related to the availability of water, the period between 3 and 5 year
old being particularly vulnerable. These conclusions were based on obser-
vations of 12,437 plants. The influence of the shrub Prosopis juliflora
(mesquite, a vigorous invader of semi-desert grassland; Parker and Martin
1952), on two important range grasses was investigated by Wright and
van Dyne (1981), again drawing on the long-term chart records at Jornada.
From the census data they computed the stable age structure for Bouteloua
eriopoda: it takes about 15 years to achieve for all but the older age classes.
They could find no stable age structure for Sporobolus flexuosus, because
of its shorter life-span and oscillatory pattern of establishment. The
influence of mesquite invasion on the structure of black grama popula-
tions was simulated by altering the age-specific survival rates, since it is
known that mesquite affects water availability, a key factor in grass
survival. So far, however, ‘only a portion of the vast amount of data
available on perennial grasses on the Jornada Experimental Range has
been used’ (R.G. Wright, personal communication).

Other U.S. range research using plant census on permanent quadrats

The extensive research on permanent quadrats at Santa Rita and Jornada
was by no means untypical of range science practice elsewhere in the
western United States. These were the two principal range research areas
of the Forest Service, which administered both of them from 1915 onwards.
(This did not necessarily mean that they had forests; such a nice distinction
had little bureaucratic significance!)

Some of the 6,300 permanent plots referred to in the U.S. Senate report
of 1936 (and these were from the Forest Service alone) probably came
from these two ranges, but I have not seen any breakdown of their origins.
R.S. Campbell (in Ares and Campbell 1974: 48) refers to some 20,000 field
plots, which I presume is the total number on rangelands whether or not
under Forest Service control. The precise scale of charting and plant
census on such field plots remains to be evaluated, but there are some
indications that it is very large indeed.

Among the other range research stations from which plant census data
have been recorded are:

1. Utah (later Great Basin) Experiment Station, established in 1912,
2. Northern Great Plains Field Station, Mandan, North Dakota, estab-

lished in 1915,

3. Sheep Experiment Station, Dubois, Idaho, established in 1917,
4. Desert Experimental Range, Utah, established in 1933.

The valuable history written by Chapline et al. (1944) mentions several
others. I have not investigated the literature publjshed from these places
in much detail and here only place some preliminary notes on record.

A.W. Sampson, referred to earlier, was in charge of the Great Basin
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Experiment Station until 1922 and was presumably responsible for some
of the census studies initiated there: his first major textbook (Sampson
1923) gives an example of a chart record made at the station and illustrates
a pantograph in use on a chart plot. Already by 1923 he hinted that a
‘distinct disadvantage in the extensive use of chart plots is the great
amount of tedious work involved in the mapping and crystallization of the
data recorded. For this reason the regular chart plot is less popular than
formerly, for certain other short-cut methods have been developed in
grazing studies which show well the changes in vegetation’. This signalled
the beginning of the end of detailed plant census on American rangelands,
at a time when, as we shall see, it was virtually unknown to plant ecol-
ogists! But it was not until the Second World War that the shortage of
cheap labour caused its virtual demise; meanwhile many valuable long-
term census records continued to be kept.

Mapping of permanent quadrats began in 1915 at Mandan, where
‘liberal use was made of square metre list quadrats’ (Sarvis 1941). J.T.
Sarvis, who was in charge of agronomic investigations at Mandan from
1915 to 1941, reported some of the early observations and later results to
1935 (Sarvis 1920, 1923, 1941), though it is clear from his papers that only
a small fraction of the census data which he collected was published. The
new Hill pantograph was tested at Mandan in 1918 (Sarvis 1923), prob-
ably introduced by Clements. We may recall that in Clements’ first report
to the Carnegie Institution (Clements 1918) he stated that he had made a
close scruitiny of grazing conditions throughout the western states:
undoubtedly his extensive peripatetic researches fostered a widespread
application of his theories and techniques among range scientists. He had
many co-operative projects with Government research scientists (e.g.,
Clements 1927).

The example of Sarvis at Mandan was the inspiration for similar work
at the Dominion Range Experiment Station in Alberta, Canada: the plants
in large numbers of permanent quadrats were charted and censused from
1928; the results to 1939 were reported by Clarke et al. (1943).

I have not found any published records of early permanent quadrat
research at the Sheep Experiment Station at Dubois, Idaho. Blaisdell
(1958) reported extensive data on numerous grass species for 23 years,
from 1932 to 1954. West et al. (1979) have used further long-term panto-
graph charts, mapped from 1930 to 1956 and again by themselves in 1973
to determine longevities of five perennial grasses and three shrubs: mean
lifespans of grasses varied from 2.3 to 3.7 years, but the maximum
longevities varied from 19 to 43 years. Generally speaking, grazing
increased grass longevity.

Some long-term census data from the Desert Experimental Range have
been summarized by Norton (1978) and West (1979). 128 plots each 9.3 m?
in area were chdrted at irregular intervals from 1935 to 1970, and despite
substantial gaps in the records, cohorts of seedlings that were established
in 1935-37 were followed until 1968-70: relatively few individuals had
died since the second year after establishment. West (1979) also cites
unpublished theses which have analysed more of these data.
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The bibliography prepared by Renner et al. (1938) gives a convenient
insight into the use of quadrats on western rangelands, but a comprehen-
sive account seems never to have been compiled. Other examples of plant
censusing I have come across from this period are those of Ellison and
Woolfolk (1937), Williams and Post (1945) and Ellison (1949), but I have
no doubt that more exist and that my review is incomplete on this topic.

The early investigators at such research stations occasionally introduced

technical innovations for charting the quadrats (e.g., Pearse 1935, Pearse
et al. 1935). The use of tracing overlays was re-introduced by Ellison
(1942) to follow the fate of individual plants more easily; their earlier use
in 1921 by Clements (1922) was not mentioned. The technique continues
to be valuable (Sarukhan and Harper 1973).
. By the 1930s the assessment of the practical use of charting quadrats,
foreshadowed by Sampson (1923), was in full swing. The decade began
with the evaluation by Hanson and Love (1930), based on their four years’
study of hundreds of quadrats in Colorado: their conclusions emphasised
the need for a careful choice of methodology for well-specified research
purposes, with counting being suitable only in certain circumstances. But
a more radical critique followed: arguing that the charted quadrat was too
time-consuming to be widely used for surveys, Stewart and Hutchings
(1936) introduced the point-observation-plot (square-foot density) method.
Plant abundance was estimated visually for each species in terms of the
number of square feet of cover per 100 ft* (= 9.3 m?) circular plot. This
parameter was termed ‘square-foot density’, or simply ‘density’. The
method rapidly became popular and the use of the word ‘density’ from
then on typically did not involve plant enumeration among range scientists
(e.g., Stewart et al. 1940, Lang 1945, Moore and Reid 1951, Johnson
1953). Stewart and Hutchings (1936) were among the first to introduce
randomization and replication of sample plots for range survey and the
growing awareness of the desirability for methods of statistical adequacy
during the 1930s seems to have accelerated the demise of tedious plant
census on relatively few sample sites. Other sampling methods, such as the
line intercept method, were introduced about this time (e.g., Sampson
1952).

Weaver's research on prairie grasslands

Quite the most productive grassland ecologist during the period
1920-1950 was J.E. Weaver at the University of Nebraska (Tobey 1981).
He was Clements’ most distinguished student and prolonged the influence
of his teacher on the training of range scientists in the western United
States until about 1950 (Tobey 1981). He was an early enthusiast of plant
census in permanent quadrats (Weaver 1918). (Among his many illustra-
tions of the value of census records was one which showed the inverse
relationship between declining plant density and increasing size of sur-
vivors (Weaver 1918).) Weaver continued to use permanent quadrats for
nearly 40 years, but a full account of his very extensive researches on them
is not possible here. He himself summarized his work on prairie grasslands
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(Weaver 1954a, 1968, Weaver and Albertson 1956), but only a detailed
examination of his many papers reveals the scope of his permanent
quadrat studies (e.g. Weaver 1924, Weaver and Hanson 1941). His con-
clusions about the effects of drought on plants in one paper alone were
based on 160 quadrats charted for three years (Weaver and Albertson
1936). Sometimes he censused quadrats without charting them, it appears:
annual census data for seven years on 43 quadrats in pastures once
dominated by Andropogon spp. and Poa pratensis were used to determine
successional changes in relative abundances of species (Weaver and
Bruner 1945). A further 10 years’ census data on these quadrats were
reported later (Weaver 1954b), with the observation that ‘succession in
grassland can be followed only by exact methods of counting, measuring,
mapping, and comparing the vegetation year after year’. This philosophy,
first expounded a half-century earlier by his mentor, had long since
become commonplace practice in U.S. rangelands through their influence.
But Weaver was preoccupied with the Clementsian paradigm of succession
(Tobey 1981) and never, so far as I know, attempted any formal demo-
graphic analyses of his vast census data.

Range reference areas

I have excluded from this account of US range research publications
which do not include census data. Other measures of plant performance
on long-term permanent quadrats have been reported frequently. The
measures are reviewed in most range science textbooks and include bio-
mass, height, basal area and projective cover; height-volume relationships
were particularly popular among southwestern range scientists (Sampson
1952). Where basal areas of tussock grasses in open semi-desert habitats
are mapped, the charts may often be used to extract census data; indeed,
mapped quadrats typically contain both types of information. By consult-
ing the original charts, census data may be obtained from sources from
which perhaps only basal area information has been published: Smeins et
al. (1976), for example, report basal area changes of herbaceous species on
36 square-foot (= 0.09 m?) quadrats for 25 years.

I have no doubt that much more remains to be known about the extent
of plant demographic research conducted for decades in several range
research stations throughout the western United States and that my search
for data already published is quite incomplete. Fortunately the Society for
Range Management has embarked on a programme to record all range-
land research areas, both in the United States and abroad (Laycock
1975). It is particularly concerned to list all exclosure plots and permanent
quadrats (especially the older ones), given their importance as long-term
reference and control areas. It recognizes the problems involved in access
to data, ‘often burjed in old literature or in unpublished theses’ (Laycock
1975: 29). The preservation of all exclosures on rangelands is a primary
aim of the Society, reflecting a concern of the American Association for
the Advancement of Science (1963) for the recognition and retention of
such areas for research on natural environments. Among the States for
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which inventories have been compiled to date are Wyoming (Williams
1963), Utah (Laycock 1969), Nebraska (see Laycock 1975) and Arizona
(Turner et al. 1980).

Not all of these exclosures necessarily contain permanent quadrats and
among those which do, it is difficult to ascertain whether or not census
data have been recorded. Given the open-nature of the vegetation on
many ranges, especially in arid areas, it is extremely likely that permanent
quadrats were charted at regular intervals by some means (including
photographs) from which demographic information can be extracted (e.g.,
Laycock 1975: Figs 9 and 10). The compilation on the range reserve areas
in Arizona (Turner et al. 1980) is instructive in revealing the pattern of
establishment of these areas: 3 before 1910, including the Tumamoc Hill
area discussed earlier; 23 between 1910 and 1919, most of them within the
Santa Rita Range, and also including sites studied by Clements and
collaborators; 24 between 1920 and 1929; 77 between 1930 and 1939; 29
between 1940 and 1949, and about 170 between 1950 and 1979. Whether
or not charted permanent quadrats are present is not indicated, but I
suspect there is a rich store of demographic information on plants still to
be revealed from U.S. rangelands.

PLANT CENSUS BY VEGETATION SCIENTISTS

In this section I shall attempt to give a coherent account of census by
botanists, working mostly in an academic tradition of plant ecology. The
distinction between ‘pure’ and ‘applied’ vegetation scientists is, I readily
acknowledge, no more than an imprecise, even artificial, one. Its boundary
was breached most conspicuously by Clements, who combined the most
intellectualised with the most practical approaches to vegetation analysis.
But it is clear from all the classical textbooks of vegetation science that a
‘self-conscious’ intellectual discipline loosely known as ‘plant ecology’ had
emerged by 1920; its history has been partly recounted by McIntosh
(1976). Most (though not all) of the scientists were associated with Univer-
sity departments of botany. Much of the research I shall refer to is well
within this academic mainstream, and some of it will doubtless be familiar
to my readers. But since no comprehensive resumé of it is known to me 1
believe it is worthwhile to attempt a definitive account. I shall deal with the
research chronologically and geographically. For convenience I shall also
include here accounts of some investigations which do not quite meet the
criterion of ‘academic’ plant ecology.

Plant census in the period to 1930

North America

The most striking aspect of this period is the paucity of census infor-
mation: Clements’ writings seem (among ecologists) to have fallen on ears
deaf to this aspect of his research, but more receptive to his polemical
opinions on theoretical ecology. One of Clements’ earliest students at
Nebraska, H.L. Shantz, did follow his teacher’s precept. Following his
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doctoral thesis in 1905 in which he reported the numbers of plants in many
metre-square quadrats (Shantz 1906), he undertook large-scale descrip-
tions of vegetation in several areas of the western United States and made
regular use of quadrats to make maps of ‘typical portions of plant associa-
tions’; these usually indicated plant numbers. His studies continued for
several years, but his census records appear not to have been repeated at
any given site (Shantz 1911, Shantz and Piemeisel 1924, 1940). His colleague
Piemeisel later continued census studies of shrub-grasslands in Idaho on
permanent quadrats for many years (Piemeisel 1951, Hironaka and
Tisdale 1963). H.A. Gleason scarcely ever attempted to census plants, it
seems (Hart and Gleason 1907), nor did he refer to Clements’ own demo-
graphic researches: he might have sustained his arguments against
Clements’ view of the nature of vegetation more cogently had he done so.

A notable academic exponent of census on quadrats in the early years
of the emerging science of plant ecology was W.S. Cooper. His interest in
plant census owed nothing to Clements, it seems: he was trained in plant
ecology by Cowles at Chicago where the Clementsian philosophy of
vegetation was ill-received (Tobey 1981). Although he joined the Univer-
sity of Minnesota in 1915 as a teaching assistant to Clements, war service
interrupted his teaching and Clements had left Minnesota by the time he
returned (Lawrence 1979a). His doctoral thesis under Cowles’ supervision
was conducted on Isle Royale, Lake Superior in 1909-1910: among his
observations, he charted the position and kind of every tree, down to the
smallest seedling, on sixteen 100 m? quadrats. The ages of about 900 trees
were determined. His results are among the earliest on plant demography
by a plant ecologist (Cooper 1913). On a field trip to Alaska in 1914 he
found a site at Glacier Bay on which to study the pattern and rate of
vegetation development from bare ground, following glacial recession. He
returned in 1916 and established nine permanent metre-square quadrats
along the shore of Glacier Bay which he hoped would provide ‘accurate
unimpeachable data as to the movements and activities of the plant
population of small areas typical of the whole’ (Cooper 1923). He sum-
marized his census data for 1916, 1921, 1929 and 1935 (Cooper 1939) on
all but one of these quadrats, destroyed by erosion of the site. His cel-
ebrated results are well-known and widely quoted. Observations on these
eight plots have continued to the present day by D.B. Lawrence, who has
remapped and rephotographed them four times between 1941 and 1972.
He believes, I think correctly, that they are the oldest permanent plots on
terrain of known age following glacial recession (Lawrence 1979b). They
have been recharted in June 1982 by I.A. Worley and M.G. Noble, to
whom Lawrence introduced them (D.B. Lawrence, personal communica-
tion), so that a 66 year history of precise floristic change is now available.
A further quadrat was added to the series by Lawrence in 1941 and has
been recharted at intervals (Lawrence 1979b and personal communica-
tion). No details of the floristic changes have been published since
Cooper’s last paper on the plots in 1939; Lawrence (1979b) has given a
synopsis of the vegetation development on plot 1.

Cooper also experimented with photography to chart quadrats quickly
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and accurately (Cooper 1924). This was the forerunner of many photo-
graphic innovations for this purpose: e.g., Booth 1943, Claveran A 1966,
Pierce and Eddleman 1970, 1973. Other innovations for mapping also
continue to be introduced: Cullen et al. 1978, Mack and Pyke 1979.

Northern Europe

I have remarked earlier that Clements’ Research Methods in Plant Ecology
(1905) was published about the time that plant ecology was becoming
established as a scientific activity in Britain and Ireland. A.G. Tansley was
an enthusiast for permanent quadrats: he was an admirer of Clements’
approach to vegetation science. He even attempted to chart permanent
quadrats himself, but his patrician temperament (see Godwin 1977) seems
to have found this an inconducive tedium. He charted and censused
four small 10 inch square (= 0.06 m?) quadrats in 1914 and 1920 on chalk
grasslands but these areas were, ‘unfortunately not the same because the
wooden marking pegs disappeared during the six-year interval’ (Tansley
and Adamson 1925). (These (impermanent) quadrat diagrams are still,
however, reproduced as examples of permanent quadrat charts!) The
quality of this work was simply not comparable to the standard by then
current among range scientists in the U.S. Tansley also recorded the
invasion of woody species into two exclosures (820 m? and 390 m? in size)
on chalk grassland by charting individuals in 1909, 1914 and 1920; this
seems to be his only other attempt at mapping and census (Tansley 1922).

Of course it is well-known that Tansley fostered research on permanent
plots and encouraged two notable English ecologists in particular to
undertake it. He helped H. Godwin to fence a small area of Wicken Fen
near Cambridge; here Godwin mapped the bushes > Im tall and
> 50 cm diameter at irregular intervals, but it was never comprehensively
censused and a discussion of the results falls outside the scope of this
paper. The results to 1972 were reported by Godwin et al. (1974). Of more
importance for the history of plant census in vegetation was Tansley’s
influence on A.S. Watt, who was conducting research on seedling sur-
vivorship of beech (Fagus silvatica) on permanent quadrats in 1920-1922
(Watt 1923). In 1935 Watt began a series of studies on grasslands in East
Anglia which partly used census techniques: I shall deal with them later.

The two major reviews by leading plant ecologists on succession
research which appeared in 1930 (Liidi 1930, du Rietz 1930) give a reveal-
ing insight into the extent of census on permanent quadrats by ‘academic’
botanists to that time: Clements, Weaver, Cooper and Tansley exhaust the
list of names. There is no evidence whatsoever that they were aware of the
voluminous U.S. range research, not a little of which had been already
published by then. The dichotomy between the activities of botanists and
range scientists is starkly revealed by these reviews, which continued for
many years to be the definitive sources for the early history of plant
ecology in continental Europe. Even in the United States this was reflected
in the textbooks. Oosting (1956) stated that ‘the use of permanent quadrats
has been advocated by many plant ecologists but few have followed their
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own excellent advice’ which indicates to me that he did not have range
scientists in mind as plant ecologists. To this day there is little evidence
that the scope of published (not to say unpublished) research on plant
census in permanent quadrats has been appreciated by academic plant
ecologists (e.g., Daubenmire 1968, Mueller-Dombois and Ellenberg 1974,
Barbour et al. 1980). There was of course an established tradition of
permanent quadrat research in continental Europe by 1930, but most of
this involved the recording of changes over time in floristic composition at
the level of species identity rather than in numbers of individuals (Braun-
Blanquet 1964). Braun-Blanquet himself laid out permanent quadrats in
open areas in the Alps in 1921 and recorded numbers of individuals at a
few irregular intervals until 1947 (Braun-Blanquet 1964), but this seems to
have been untypical. The use of permanent quadrats continues to be wide-
spread in continental Europe among phytosociologists, but only very little
has been published about exact observations, and census data remain, to
my knowledge, extremely rare (Bottcher 1974, 1975).

In Leningrad in 1926 a French woman Yvonne Bogdanowskaya-
Guihéneuf published a paper which recorded seeds, seedlings and juvenile
plants on 4 small quadrats (20 x 20cm?) during 1923-1924. She con-
cluded that the study of the population dynamics of seedlings was as
important for understanding the dynamics of grassland vegetation as it
was for forests. Despite its simple message, this paper had an important
influence in northern Europe, directly and indirectly, on the future
development of plant demography, as I shall record in a later section.
Y. Guihéneuf was born in Nantes in 1886, emigrated to Russia in 1902
ind died in 1968. Her French name is usually retransliterated from a
Russian transliteration of the original, so her paper is usually cited as
3Jogdanowskaya-Gienef (1926). Most of her research, begun in 1915 under
he direction of the geobotanist A.P. Shennikov, was on swamp vegeta-
ion, but some of her later work was republished under the guidance of
[.A. Rabotnov (Bogdanowskaya-Gienef 1954: the original publication in
1941 was destroyed in the siege of Leningrad). Her 1926 paper does not
refer to non-Russian researches, so there is no evidence that she was
influenced by Clements or others in western Europe or the United States
at the time she undertook her investigations.

Australia

One of the most significant long-term census studies in vegetation was
begun in 1925 at Koonamore, north of Adelaide, Australia by T.G.B.
Osborn of the University of Adelaide. An area of 390 ha was enclosed by
rabbit- and sheep-proof fencing and a series of quadrats of varying sizes
was laid out in 1926-1927: five 1 ha quadrats, four 100 m? quadrats and
several 1 m* quadrats. Depending on quadrat size, trees, tall shrubs, low
shrubs and herbs were censused, charted and photographed at regular
intervals. The vegetation was arid chenopod shrub steppe, with a scattered
tree layer. The area chosen had been heavily overgrazed and the primary
object of the project was to study the growth and regeneration of plants
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protected from grazing by cattle and, as far as possible, from rabbits. The
experiment was inspired by U.S. rangeland research (Osborn et al. 1932).
Much of the field work was conducted by T.B. Paltridge and records were
kept regularly by him and by J.G. Wood until 1936 (Osborn et al. 1935,
Wood 1936). The first paper on the important fodder grass Stipa nitida
reported census data on 124 metre-square quadrats at three-monthly
intervals from May 1928 to March 1931; these quadrats were not per-
manent, but were on well-defined sites (Osborn et al. 1931). This paper
comes close to the type and quality of work by then familiar for U.S. range
grasses. Subsequently only shrubs on the larger quadrats appear to have
been censused. Some further quadrats and permanent transects were later
established (Hall et al. 1964).

It is not clear why Osborn began these studies. He may have been
influenced by Tansley (see Osborn in Tansley and Chipp 1926), by Tansley’s
erstwhile colleague R.S. Adamson with whom he wrote two vegetation
papers and by W.A. Cannon, a founder-member of the Carnegie Desert
Botanical Laboratory in Arizona and a colleague of Shreve and Clements.
Cannon had visited south Australia and in his subsequent report par-
ticularly acknowledged Osborn’s assistance (Cannon 1921); Cannon may
have brought the Desert Botanical Laboratory tradition to Australia.
T.G.B. Osborn (1887-1973) was an Englishman and Professor of Botany
at Adelaide and at Sydney before succeeding Tansley as Sherardian
Professor at Oxford (1937-1955). Whatever the reasons for Osborn’s
interest in plant census, he was probably thoroughly familiar with the
opinions on the importance of this type of research among the leaders of
academic plant ecology at the time. Later at Oxford he never spoke about
this work to his students, among whom were J.L. Harper and G.R. Sagar
(personal communications). He had little influence on the development of
plant ecology in England. His departure from Australia led to a decline in
the early intensity of research activity at Koonamore. Nonetheless the
larger quadrats were regularly photographed and charted by C.M. Eardley
and students at the University of Adelaide and now provide one of the few
well-documented examples of long-term plant census. Various aspects of
these data were reported by Hall et al. (1964) and, with the contemporary
interest in plant demography, have ben diligently re-examined in a series
of recent papers (Crisp and Lange 1976, Noble 1977, Crisp 1978, Fatchen
1978, Noble and Crisp 1979, Osmond et al. 1980, Silander 1983). Silander’s
study of Cassia nemophila is particularly interesting since it is based on
accurate census data of recruitment and mortality of over 3000 individuals
from 1925 to 1978. The Koonamore Reserve is now named the T.G.B. Os-
born Vegetation Reserve.

Plant census in the period 1930-1960

By 1930 as we have seen, only a handful of University-based plant ecol-
ogists had contributed to the census of plants in vegetation, and their
efforts were quite uneven in quality and quantity. During the following
thirty years a few significant long-term studies were initiated, in northern
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Europe, the Soviet Union, England and Australia. I shall deal with these
in turn. They appear to have been conducted to a large extent quite
independently of one another, with little or no interaction between the
participants. (This can be judged from the absence of cross-citations,
although I have verified it also from some personal communications.)
Only in the past twenty years have these several diverse strands of plant
demography been drawn slowly together into a comprehensive frame-
work; but even to-day this task is still incomplete.

Scandinavia and the Soviet Union

By the early 1930s a well-developed Finnish School of plant ecology was
flourishing (Whittaker 1962). The dynamics of seedling establishment in
vegetation received detailed attention from the group of botanists asso-
ciated with K. Linkola at Helsinki. Two publications in particular were
influential, those of Linkola (1935) and of his student Perttula (1941). It
is evident from the citations in Perttula’s paper that there was a developing
Finnish tradition of research on plant population biology. This con-
tinued into modern times in the work of Oinonen (see Harper and
White 1974). Linkola (1935) reported the results of his observations of
seedling survival on eighteen 0.1 m? quadrats in 1931-32; he explicitly
stated (p. 6) that his model was the study published by Bogdanowskaya-
Guihéneuf in 1926. He also attempted to age the various herbaceous
species by morphological criteria: his paper contains some of the earliest
published examples of age-structures for herbaceous plants (see Harper
1977 for examples of some of them). From 1928 to 1934 Perttula (1941)
conducted a comprehensive study of the reproductive output, seed disper-
sal patterns and seedling establishment of numerous species. His valuable
monograph remains too little appreciated among plant demographers.

The influence of these two papers remained rather local but their
example helped to inaugurate a major school of plant demography, that
founded by T.A. Rabotnov (b. 1904), whose name is now virtually
synonymous with the study of plant populations in natural vegetation
(coenopopulations). His most celebrated work on the population dynam-
ics of grassland plants was begun about 1940 and first published at length
in 1950 in his doctoral dissertation (Rabotnov 1950). This reported his
investigations on subalpine meadows of the northern Caucasus during the
early 1940s. Most of Rabotnov’s research on coenopopulations was con-
ducted in the State Meadow Institute (now Williams All-Union Research
Institute of Fodders), where he worked for over 40 years until his appoint-
ment to the Chair of Geobotany at Moscow University in 1967. His work
has, therefore, been more in the tradition of applied plant science, akin
perhaps to that conducted on U.S. rangelands. But it is evident that the
demarcation between pure and applied vegetation science, which was a
feature of the development of Anglo-American plant ecology had little or
no meaning for Rabotnov or other Soviet geobotanists.

Rabotnov (1950) has acknowledged the formative influence of Linkola
on the development of his own approach to vegetation analysis. The
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hallmarks of this were, as is now well known, the long-term census of
marked individuals and the use of morphological criteria to estimate the
developmental stages (age-states) of perennial herbs. The publication of
his thesis (1950) laid the foundation of a new approach to vegetation
analysis among plant ecologists, particular in the Soviet Union. This was
in no small measure due to his influence as a teacher and his voluminous
publications: his outstanding knowledge of world literature has been
especially appreciated among Soviet geobotanists. His 1950 paper is
revealing in this respect: of the numerous references to foreign authors,
Linkola and other Finnish botanists account for 12, Weaver for 10,
Clements 4, [rmisch (on morphology) 5; there is an evident familiarity with
much U.S. rangeland literature. I know of no other paper on vegetation
analysis at that time which reveals such a catholicity of quotation, all
brought to bear on ‘the life-cycle of perennial herbaceous plants in meadow
coenoses’.

Rabotnov (1980, 1981) has recently provided a valuable guide to the
literature of coenopopulation research in the Soviet Union. Although
publications on trees are excluded, it contains nearly 900 entries. Less than
6% of these are dated 1950 or earlier, which gives some indication of the
quickening pace of this research in the past 30 years (and, I believe, of
Rabotnov’s extensive influence intellectually). How many of these publi-
cations are actually concerned with the census of plants in vegetation is not
easy for me to calculate (since I have read no more than 10% of them) but
there is a considerable number, probably hundreds (see also Gatsuk et al.
1980). Much of this research remained unknown to English-speaking
plant ecologists, despite Rabotnov’s publications in English (e.g., Rabot-
nov 1961, 1969a, b) until the early 1970s (Harper and White 1971, 1974).
(It was, however, cited in some detail by Walter (1968), so it was not
entirely neglected outside the Soviet Union.) It is now well-recognized that
Rabotnov’s long-term census research in natural vegetation is among the
most distinguished in the history of plant demography: his studies on
Ranunculus species (Rabotnov 1958, 1978a, b, Rabotnov and Saurina
1971) for a period of ten years are well-known examples, but many more
deserve wider recognition outside the Soviet Union than they have
received to date.

Both Linkola’s and Perttula’s studies were also influential on a young
Swedish botanist C.O. Tamm, searching for a subject for research in the
early 1940s. Discouraged by his Professor’s poor opinion on the scientific
value of plant census on permanent quadrats he concentrated his research
on plant nutrition and forest ecology. Nonetheless he began to chart the
fate of marked plants on permanent quadrats in meadows and forests
about 100 km NE of Stockholm from 1943 onwards, once a year (C.O.
Tamm, personal communication). The publication of his results (Tamm
1948, 1956) passed almost unnoticed in the ecological literature until, after
his lecture at the Botanical Congress in Edinburgh (Tamm 1964), they
were reanalysed and brought vividly to the attention of plant ecologists
by Harper (1967). Two further papers subsequently appeared (Tamm
1972a, b) and the results of his ‘spare time’ research are now justly
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celebrated. Observations on the permanent quadrats still continue annu-
ally. They are the only long-term plant census plots in herbaceous vegeta-
tion in Europe on which records have been kept for over 40 years, to the
best of my knowledge.

England

After a period of research (since about 1915) on problems of woodland
regeneration A.S. Watt turned his attention to grasslands in the mid-
1930s. During 1935-36 he set up five rabbit-proof exclosures (6 x 6 m?)
on grass-heath on acid soils in the Breckland region of East Anglia; only
one of these remained undamaged by 1949. Small (0.16 m*) permanent
quadrats, one inside and one outside each exclosure were charted annu-
ally. Watt (1960) used frequency measures (presence or absence of a plant
shoot or leaf in 1.25 x 1.25cm? grid squares within the quadrat) rather
than census of individual plants, except for Agrostis spp. and Aira praecox,
in which shoots were counted. He believed that the assessment of abun-
dance by a count of the number of shoots was less accurate than by
frequency estimates (Watt 1971a). Further records from' the pair of
undamaged quadrats were subsequently reported (Watt 1971a), but it
appears that these plots have since been abandoned.

Two further exclosures (6 x 6m?) were established by Watt in 1936 on
ungrazed chalk grassland at Lakenheath Warren, also in the Breckland.
The changes in floristic composition of one of these have been reported
(Watt 1957, 1974), but no long-term charting or censusing of permanent
quadrats was undertaken on it; some frequency data were recorded on
small (10 x 50cm?) quadrats for about six years and thereafter sporadi-
cally (Watt 1957). On the second exclosure, however, accurate chart
records were maintained by Watt annually for all but two years from 1936
to 1973 (Watt 1962, 1981) on two small quadrats (0.16 m?) one inside and
one outside the exclosure. These records continue to be kept since 1974 by
Davy and Jefferies (1981) and are now the only surviving examples of the
grassland quadrats established by Watt. In fact they are to my knowledge
the only two quadrats in England established before 1960 on which some
long-term plant census data have been maintained to the present day. As
in the case of the long-term quadrats observed by Watt on acid grass-
heath, the abundances of species on these two quadrats were mostly
determined by frequency of occurrence of a plant part in each 1.25 x
1.25cm? grid square within the 160 x 10cm? area. Three species were
dominant at different periods, Festuca ovina, Hieracium pilosella and
Thymus drucei. Given the tiny size of the quadrats, however, it is question-
able whether the population dynamics recorded on them by frequency
estimates of plant parts reflect (especially in the case of Thymus) more than
the waxing and waning of the morphological expression of a few long-
lived genets. For some (mostly annual) species the fluctuations in abun-
dance were based on census records, made once a year in early July. The
survivorship of seedling cohorts of a few species was recorded at regular
(often monthly) intervals during the years 1961-1969. Although they are
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primarily plant frequency quadrats, and almost outside the scope of this
essay, their continued maintenance in view of the rarity of long-term
census records in England is commendable.

Throughout the 1930s, Watt made very detailed studies of the morphol-
ogy and growth dynamics of Pteridium aquilinum (bracken fern) on a series
of permanent plots in Breckland. By comparing the length of rhizome per
unit area with the average length of rhizome per individual and then
finding the number of fronds per unit length of rhizome, Watt (1940)
computed the number of individual plants from the number of fronds per
unit area. He estimated that there were the equivalent of (2.8-4.7) x 10°
independent plants per hectare. His work focussed on differences in frond
and rhizome morphology across transects from advancing margins to long
established hinterlands of populations (Watt 1943, 1945, 1947). Census
observations continued on various permanent plots into the 1960s (Watt
1967). The long series of papers produced until 1971 (Watt 1971b) is
remarkable for its combination of morphology and demography, fore-
runner of some recent developments in dynamic morphology among plant
ecologists (e.g., Harper and Bell 1979, Harper 1981).

Buttercups, as is now well-known, have been a popular subject for
demographic research in England. John Harper began to count them
while still at school (personal communication) and one of his first papers
on plant population biology reported census data on three species across
a ridge and furrow system in a seasonally-flooded grassland (Harper and
Sagar 1953). A quite extensive census of Ranunculus bulbosus was con-
ducted by Barling (1955) during the 1940s on a wide range of grassland
types in southern Britain. Though not quite clear from his text, at least 130
swards of permanent grasslands and a further 5 areas of temporary
grassland were surveyed; at each site fully established plants (not seed-
lings) were recorded on at least 100 square-foot (= 0.09 m?) quadrats.
None of his quadrats was permanent, since the object of his investigation
was simply to make quantitative statements about the sizes of natural
plant populations in relation to various habitat conditions. Some swards
had exceptional concentrations of R.bulbosus, sometimes exceeding the
equivalent of 2 x 10° per acre (= 0.4 ha). Contiguous populations of up
to 14 x 10°plants (over what area is unclear) were ‘in no way exceptional’
in the Cotswold area. He also independently detected the pattern of
R.bulbosus and R.acris on ridge and furrow systems reported by Harper
and Sagar (1953).

A detailed demographic analysis of Plantago species was conducted by
G.R. Sagar during 1957-59. It was notable in several respects. Its inspira-
tion was due almost exclusively to animal demographers, especially to
David Lack (see Sagar 1970; 972). Sagar’s teacher, John Harper, was also
strongly influenced by the thinking of zoologists on natural populations,
notably by Elton, Lack and Varley, all Oxford colleagues. (This influence
is clearly seen in the major theoretical paper of Harper’s Oxford group at
the time: Harper et al. 1961.) Only a handful of botanists were quoted by
Sagar (1959) as exemplars of plant population biology; almost none of
those whose names are now familiar as pioneer plant demographers in the
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previous half-century are cited. This probably reflected the special interests
at that time of Harper and his students in experimental plant competition
and in the biology of weeds (Harper 1960, 1961). There was then great
interest and support among scientists concerned with weed control for the
type of work his group were doing, which accounts for the publication of’
several of their papers in the Proceedings of the British Weed Control
Conferences (J.L. Harper, personal communication). But the absence of
the names of plant demographers from Sagar’s thesis is not unexpected on
more general grounds either: the plant ecology literature of this period in
England gives little evidence that the well-established tradition of plant
census in natural vegetation had been transmitted to English botanists,
even at Oxford where Osborn had succeeded Tansley. Tansley himself had
provided almost no examples of a personal interest in it, though he had
advocated the use of quadrats and census in general terms. Watt, as we
have seen, had mixed feelings about census, at least in grassland. Clements
was an almost discredited figure in Anglo-American plant ecology, as
Gleason’s star shone brilliantly after 1947 (McIntosh 1975, 1980).
Rabotnov’s papers were unknown.

Sagar’s thesis was, therefore, all the more significant by being the first,
well-considered attempt by a plant ecologist in England to apply demo-
graphic theory (derived from zoologists) to plant populations. To this was
added an experimental approach derived from the example of English
agricultural botanists. But perhaps most significantly, Sagar’s research
was a harbinger of an attempt by John Harper to direct the attention of
plant ecologists more keenly towards plant population biology, as a means
of understanding the evolutionary mechanisms which give rise to the
composition and diversity of vegetation (Harper 1964, 1967). By the time
the demographic results of Sagar’s thesis were published in some detail
(Sagar 1970) a renewed interest in plant demography had become wide-
spread.

Australia

In 1937 R. Roe, influenced by the work of Osborn and his colleagues at
Koonamore, set out a grazing experiment in south western Queensland in
which he charted and censused the chenopod weed Bassia birchii. He
continued these observations at regular intervals (up to 5 times annually)
but the life-table data he compiled remain unpublished (Williams 1981). (I
am grateful to O.B. Williams for bringing the original data to my atten-
tion.) Roe expanded his researches to census a variety of grass species, by
setting up groups of permanent transects and quadrats in Astrebla grass-
lands in Queensland. Charting and censusing of Astrebla, Dichantium and
Eragrostis spp. began on five 1 m* permanent quadrats in 1941 and con-
tinued almost annually until 1958. 45 band transects, each with 100
20 x 20cm? quadrats and 45 metre-square quadrats were censused from
1944 to 1970 at irregular intervals by Roe and thereafter from 1973 to 1981
by Williams (Williams and Mackey 1982). Results from some of the band
transects and quadrats have been summarized by Williams and Roe
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(1975). Another series of 25 2m? quadrats was charted at irregular inter-
vals from 1949 to 1973 (Williams and Roe 1975). These various investiga-
tions were stimulated originally by a long series of drought years in
western Queensland in the mid 1930s. In many respects these were the
Australian counterparts of those U.S. rangeland studies which were also
stimulated by the problems of drought (e.g., Weaver and Albertson 1936).
The studies of Roe were preceded by some investigations of J.G. Davies,
brother of the notable English grassland scientist William Davies (e.g.,
Davies 1933, referred to earlier): he is credited with the introduction of the
Hill pantograph to Australian pasture research (O.B. Williams, personal
communication).

During 1946-47 O.B. Williams worked with Roe on his grazing experi-
ments in Astrebla grasslands. When he moved to Deniliquin in New South
Wales he began similar research on Danthonia grasslands. This was on a
large (indeed Clementsian) scale and involved the pantograph charting of
324 metre-square quadrats on grazed and ungrazed areas. Plant numbers
were recorded at regular intervals until 1968 and the results have been
reported in a series of papers (Williams 1966, 1968, 1970a, b, Williams and
Roe 1975, Austin et al. 1981). Williams was the first Australian scientist
to apply formal demographic methods to plant census data and has been
chiefly instrumental in highlighting the hitherto neglected research on
plant census by Roe.

Neither the design of these experiments nor the techniques of recording
quadrats, nor indeed the ecological thinking which inspired them owed
anything to European exemplars. They were all directly derived from U.S."
rangeland studies. As such, they sit uneasily in this section of my narrative,
except insofar as Osborn’s research at Koonamore may have been their
direct, local inspiration. But their publication in recent years also owes
a little to the renewed interest in plant demography among plant ecol-
ogists, especially to Harper’s (1967) call for such information (O.B.
Williams, personal communication 1980).

Other census studies 1930-1960

Few other long-term studies on plant census in permanent quadrats
appear to have been initiated in the period 1930-1960. A notable example,
however, is the 14-year census of the annual Linanthus parryae conducted
on a long 800m transect by Epling, Lewis and Ball from 1944. The
numbers of blue- and white-flowered plants were sampled within
10 x 10ft* (= 9.3m?) quadrats along the length of the transect, 260
quadrats in all. The density of plants varied greatly from year to year, but
the frequencies of blue and white flowers remained remarkably stable
within local patches (Epling et al. 1960). Lewis (1962) later censused the
persistence of sown populations of Clarkia spp. in several metre-square
quadrats for nine years (1953-61) in an attempt to understand the evolu-
tionary consequences of large fluctuations in population size.

Runge has reported his long-term observations on several permanent
quadrats in a variety of vegetation types in NW Germany since 1955. The
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numbers of plants on a 3m’ permanent quadrat in grassland have been
recorded for five years, 1957-1961 (Runge 1963); the fluctuations in
density of some herbaceous plants on a permanent quadrat in heathland
have been recorded from 1955 to 1969 (Runge 1971); investigations on 68
permanent quadrats for varying periods of time (5 to 17 years), which
include some census information of herbaceous plants, have been briefly
reviewed (Runge 1975).

Among plant ecologists plant census studies of any type were, it seems,
relatively infrequent during this period, apart from those I have already
mentioned above. A few further examples which I have seen are by Wager
(1938), who counted plants by age-states in quadrats in Arctic fjaeldmark
in 1935-36; by Whitford (1949), who made a simple, non-repeated census
of woodland herbs in 1947; and by Keever (1950), who made a short-term
study of plant survivorship in abandoned fields in 1948-49. Some examples
from the ecological literature may not be too obvious, since plant census
may be undertaken as part of a wider research activity. In assessing the
primary productivity of the desert shrub Larrea tridentata, for example,
Chew and Chew (1965) censused plants. In a notable study on the biologi-
cal control of Senecio jacobaea Cameron (1935) reported several census
data; similar work was later undertaken by Dempster and Lakhani (1979).
The literature on biological control of weeds may indeed have extensive
plant census data, but I have not systematically searched for it: Tisdale
(1976), for example, recorded the fluctuations of Hypericum perforatum
over a 15 year period.

Occasional papers on plant census by grassland scientists can also be
noted from this period, but the popularity of other measures of plant
performance was widespread. Stone and Fryer (1935) reported census
results on a number of pasture mixtures from 1931 to 1934: they were
particularly interested in the relative survival of species in different
mixtures. They attempted to count distinct plants with independent root
systems, but could do so only approximately after the first year. The
highest density achieved in their mixtures was 699 plants per m?, low by
the standards cited earlier in this paper (Table 2) but perhaps a more
realistic approximation of the number of genets per m* than those counts
of shoots. This study seems to be one of the earliest of its kind on the
survival of plants in grassland swards; later studies, it seems, estimated
population changes by random sampling of tillers (e.g., Brougham et al.
1960, Charles 1961, 1964) rather than by detailed census of plants in situ.

Counts of seedlings and mature plants on Californian grasslands domi-
nated by annual species have been reported by Biswell and Graham (1956)
and by Heady (1958).

A unique and remarkable census of Asclepias syriceca (milkweed) was
undertaken in the southern part of Ontario and Quebec, Canada during
the summers of 1943 and 1944. During the war, in the search for native
sources of rubber, milkweed was regarded as a potentially useful species
and an experimental pilot plant at Ottawa produced ‘milkweed rubber’.
The fibres associated with its seeds were used as substitutes for kapok. In
order to determine the abundance of the plant, Groh and Dore (1945)
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surveyed the extent of wild populations by travelling 6,132 miles (c.
10,000 km) by car, train and bus. Being a tall and conspicuous plant,
wherever it could be seen its density was estimated: the ‘speed of some
trains detracted from, but seldom wholly prevented reasonably satisfac-
tory work’! But this unique method of plant census the numbers of stalks
per mile were calculated and scaled up (using field samples) to the density
per township: stalks per mile varied from 160 to 3 x 10%; stalks per
township (of unequal size) varied from 6.2 x 10*to 1.2 x 10%. The data
were used to organize a leaf and pod collection campaign in 1944. While
it is commonplace for foresters to estimate the number of trees over large
areas, this is the only example I know of an attempt to make an assessment
of the numbers of an herbaceous plant over an area of several thousand
hectares.

Although its title fails to indicate its demographic content, the study by
Stewart et al. (1940) is noteworthy for the presentation of age structures
for five desert shrubs, based on several hundred age determinations in a
variety of vegetation types. As one might expect from the scientists who
introduced the ‘square-foot density’ method (Stewart and Hutchings
1936), their ‘density’ estimates for shrubs and grasses are not based on
census. Their paper, however, indicates once again that range scientists
were actively recording plant demographic data at a time when it was
unfashionable among plant ecologists.

Despite Pelton’s (1953) call to plant ecologists for a study of the life
histories of plants there is little evidence of such an interest among them
in the published literature of the period 1950-1960. Pelton enunciated
clearly, and with obvious appreciation of the work of foresters and range
scientists, the various stages in the life-cycle of a plant which merited
particular attention. Rangeland studies on plant census continued both in
the United States and in Australia; Rabotnov’s grassland studies con-
tinued and his ideas gained adherents in the Soviet Union; elsewhere
isolated studies were conducted and occasionally published.

Plant census in vegetation, 1960-1970

The decade from 1960 to 1970 witnessed the emergence of what, to echo
a phrase of Allee et al. (1949), may be called a ‘self-conscious’ science of
plant demography among vegetation scientists. The earlier part of the
decade cannot be demarcated intellectually from the preceding period, but
by its close there was an unmistakable change. This was the decade which
saw among plant ecologists the flourishing expansion of plant population
studies in artificial environments (in flower pots, typically). It was a decade
in which plant competition studies were conducted with increasing sophis-
tication (Harper 1977 reviewed the various developments), but also one in
which the investigation of plant populations in natural environments grew
steadily in popularity among a new generation of students. It was ushered
in by the widely influential papers of de Wit (1960) and Harper (1961); by
its close the researches of Sharitz and of Sarukhan were well-advanced
(Sharitz and McCormick 1972, Sarukhdn and Harper 1973).
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I have ventured in this section beyond 1970 only to note publication of
studies initiated in the 1960s. The proliferation of new investigations on
plant demography, not least on the census of plants in vegetation, has
expanded greatly since 1970. The International Society for Plant Popula-
tion Biologists (founded at the Botanical Congress in Leningrad in 1975)
has recently issued a list of scientists who conduct research on plant
population biology (considered in a rather broad sense): it consists of
some 450 names (Sharitz et al. 1984). The evaluation of what has been
accomplished on plant census in vegetation in recent years is a task which
I shall not embark on here.

During the 1960s some well-established plant census records continued
to be maintained, as will have already been evident from some of the
citations in the previous sections of this paper. A notable increase of plant
census research took place in the Soviet Union. Apart from the continuing
work of Rabotnov and his students, the botanist A.A. Uranov
(1901-1975) turned his attention to coenopopulation studies about 1950.
(He had previously been more interested in statistical plant ecology.) Until
his death he was the leader of an active research school at Lenin State
Pedagogical Institute in Moscow from which hundreds of studies on
coenopopulation dynamics have emerged since about 1960 (Rabotnov
1980, 1981). Several of these have appeared in collective works (Uranov
1967, 1968, Smirnova et al. 1976, Uranov et al. 1977) and a hint of their
scope has been provided by Gatsuk et al. (1980). Uranov had some 30
graduate students, of whom about 10 still conduct coenopopulation
research in the same Institute (L.B. Zaugolnova, personal communication
1981). Uranov’s close collaboration from 1961 with the plant morphol-
ogist I.G. Serebryakov (1914-1969) is reflected in the quality of the age-
state discriminations which have been a hallmark of this particular research
school. The careful study of age-state ontogenesis and census of plant
coenopopulation persists to the present time in the Soviet Union with
undiminished vigour, to judge from Rabotnov’s (1980) bibliography.

Studies initiated during 1960-1966

Among the census studies initiated in the early 1960s only two have
continued to the present time, to my knowledge. Following the devastat-
ing North Sea storm floods in 1953 the Dutch Government began large-
scale civil engineering works to protect the southern delta region of the
Rhine-Meuse estuary. Since 1961 a series of barrages has been constructed
in parts of the delta, progressively isolating large areas from tidal influence.
The consequent changes in salt marsh vegetation have been monitored
regularly on nearly 500 permanent quadrats (Beeftink 1975, 1978).
Although vegetation changes have been recorded mainly by cover/abun-
dance estimates of the Braun-Blanquet type, many census records have
been combined with them to produce a rather detailed record of the
dynamics of individual species. These studies provide a good example of
the nice balance between precision and generality which is often necessary
to understand vegetation dynamics (Harper 1982). It is expected that these
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observations will be maintained for at least another ten years (Beeftink,
personal communication); some results to 1983 are reported by Hogeweg
et al. (1985).

The population dynamics of rare or attractive plants have frequently
been commented upon by botanists in an anecdotal manner: fluctuations
in abundance of orchids, for example, are well known and rather precise
census data have been recorded (Curtis, 1946, Curtis and Greene 1953,
Summerhayes 1968). Annual records of the numbers of rare species may
be found in the publications of conservation organizations or local natural
history societies (see Bradshaw and Doody 1978a for some details of
English examples). An accurate, mapped census of orchids was initiated
by Wells on permanent quadrats in chalk grassland in 1963. Some pre-
liminary observations on Spiranthes spiralis (Wells 1967) have now been
augmented by a long series of annual census data to 1979 (Wells 1981),
especially notable for the survivorship details of successive annual cohorts. .
Similar studies on two further orchids, Aceras anthropophorum and Her-
minium monorchis, have been conducted since 1966 (Wells 1981). A census
of Pulsatilla vulgaris on a sheep- and rabbit-proof exclosure (540 m?) for
six years (1963—1968) showed that while the absence of grazing led to an
increase in the number of plants, the enhanced vigour of other vegetation
led to a large decrease in flowering plants (Wells 1968).

Detailed mapping of Anthoxanthum odoratum along six 9.1 m transects,
radiating from a fixed point on a derelict zinc mine spoil tip provided
Antonovics (1972) with census data over the period 1964-1970. Of the
total 546 individual plants recorded, only 16 lived for more than 5 years.
Antonovics demonstrated that population maintenance was a very dynamic
process: recruitment of new plants was mainly from seed rather than by
vegetative propagation.

The population dynamics of Senecio jacobaea have been investigated
using census data from 1966 to 1974 by Dempster and Lakhani (1979), an
example of the interest of animal ecologists in such records of food plants.
There may be many comparable examples in the literature of animal
ecology: I have pointed out previously (White 1979) that several zoologists
have counted leaves on trees, a task which rather few botanists seem ever
to have undertaken. [ would not be surprised to learn of more plant census
data collected by zoologists. Among other short-term plant census data of

‘this time are those of Beatley (1967), Matthews and Conrad (1968) and
McCarthy and Scifres (1969). A single census of Liatris aspera was reported
by Kerster (1968).

The emergence of plant demography as a science

In his Presidential address to The British Ecological Society on 5 January
1967, John Harper seems to have caught brilliantly the temper of the time
among plant ecologists of a new generation in northwest Europe and
North America. His call for a revivification of the Darwinian approach to
plant ecology, for a better understanding of the demography of plant
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species in natural environments, was widely influential (Harper 1967). It
also represented a reorientation of his own research interests from empiri-
cal studies of plant competition (e.g., Harper 1961) to a greater emphasis
on the role of natural selection in plant communities. Within a further
three years (the limit of my present narrative) several studies on plant
demography, all of them using census techniques, were initiated: the
publication of the results in recent years has demonstrated beyond question
the emergence of a fully-fledged science of plant demography. Almost all
of these papers refer to Harper (1967) (if not always to Darwin!) in such
a way that it is clear that his paper is a significant element of the ‘foun-
dation literature’ (Tobey 1981 explains this concept in detail) of plant
demography. Now (1985) in retrospect, we can see this paper as remark-
able in another respect: Tamm, Sagar and Antonovics (and Darwin)
provided the key examples of the Darwinian approach to natural vegeta-
tion. Only later did a wider appreciation of the (preexisting) relevant
literature come about (Harper and White 1971, 1974) and plant demo-
graphers have continued to prise it piece by piece from forgotten sources
or unfamiliar literature. This gradual collation of source material is not
unique to plant census: Levin and Kerster (1974) drew on a very diverse,
often agronomic, literature to seek quantitative information on gene flow
in plants; Willson and Burley (1983) have brought an older classical
botanical literature on conifer embryology to bear on the very modern
discussion of mate choice in plants. Annual Review of Ecology and System-
atics is an annual reminder of the process of discovery, recension and
synthesis of earlier publications which characterizes the search for pattern
and coherence in the great diversity of natural history phenomena. It is a
hallmark of the emerging and developing science of plant population
biology as a whole that it seeks to explore and integrate all aspects and all
examples of plant life-history studies within an evolutionary framework;
its most coherent theory is Darwinian as Harper (1967) reminded us
(though he was not the first nor the only one — see Clements 1909). Plant
ecologists have undoubtedly given widespread assent to this general
research programme in recent years. Those more particularly interested in
plant demography have contributed significantly to ‘the Darwinian
approach to plant ecology’ since the late 1960s. This present essay is an
attempt in the same spirit, to add a little more to the intellectual edifice,
by placing our recent efforts in some perspective which I trust will be a
prolegomenon to a more definitive historical account as our knowledge
increases.

Studies initiated during 1967-1969

By the time Harper’s lecture was published in 1967, R.R. Sharitz had
begun a very detailed census of two winter annual species, Minuartia
uniflora and Sedum smallii on granite outcrops in Georgia, U.S.A. Though
the field study was conducted for only a year (June 1967-June 1968),
Sharitz and McCormicks’ (1972) treatment of the census results represented
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a quite new departure in plant demographic analysis, in their rigorous
application of life-table techniques. (Previous attempts by Hett and
Loucks 1968 or by Harcourt 1970 are outside the scope of my essay but
were, nonetheless, by no means as comprehensive as Sharitz and McCor-
micks’.) Their study remains an exemplary model of the formal treatment
of plant census data.

Several plant census studies were initiated in 1968. The most com-
prehensive series was that of E. Symonides at Warsaw, who conducted a
very detailed analysis of the annual fluctuations in numbers of several
species on charted quadrats; results for 1968-1975 were reported in a series
of papers (Symonides 1979, 1983). Silvertown (1982) has further analysed
Symonides’ data on the annual Spergula vernalis as an example of the
application of key-factor analysis to plant populations, the first such
published example. Only with long-term data of the outstanding quality
of Symonides is such an analysis possible, and it represents a significant
example of the high standard of demographic information that is becom-
ing increasingly available from plant census data.

Ernst (1979) has reported census results of Allium wursinum for
1968-1977. Van Andel (1975) recorded census data on permanent quadrats
for Chamaenerion angustifolium from 1968 to 1973. Also in 1968, Ericson
began long-term studies on the rising shore lines of the northern Baltic
coast of Sweden; these include census of several plant species on about 200
permanent quadrats, and observations still continue (Ericson 1981 and
personal communication 1982). After the decision in 1965 to build a
reservoir in Upper Teesdale in northern England, M.E. Bradshaw began
a detailed study of the population biology of the rare species which are a
notable feature of the vegetation there. Following the example of Tamm,
demographic data were gathered from permanent quadrats on eight
perennial herbaceous species from 1968 onwards, several of which were
reported by Bradshaw and Doody (1978a, b). Census data from 1968 to
1980 were published by Bradshaw (1981). Thomas recorded census details
on Hieracium floribundum populations for seven years beginning in 1968,
although only data for 1970-71 were reported in detail (Thomas and Dale
1975).

Another important group of plant census investigations was begun in
1969. The most lengthy was on Narcissus pseudonarcissus: detailed demo-
graphic information for 1969-1978 has been provided by Barkham (1980).
Census studies on Ranunculus species by Sarukhan during 1969-1971 were
notable for the high frequency (at 2-4 week intervals) of pantograph
mapping of individuals in permanent quadrats: this enabled sophisticated
analyses of their demography to be undertaken which have since proven
to be as influential as Sharitz and McCormicks’ analysis on the develop-
ment of plant population biology (Sarukhan and Harper 1973, Sarukhdn
and Gadgil 1974). Probably not since Clements’ (1923) report on two-
weekly quadrat charting had such a detailed census of perennial plants
been undertaken. The census records of Sarukhdn’s plots of Ranunculus
repens were continued for a further year (Soane and Watkinson 1979).
Fluctuations in the density of several populations of Anthyllis vulneraria
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were recorded from 1969 to 1976 by Sterk (Sterk 1975, Sterk et al. 1982).
Individuals of Plantago major and P. rugelii were mapped at frequent
intervals on permanent quadrats during the growing seasons of 1969-1971
by Hawthorn and Cavers (1976).

Among other census investigations which were conducted in the 1960s
the following may also be mentioned. Wallace and Romney (1972) under-
took a very large census in 1968 of all perennial plants in 25 circular plots,
each about 730 m?, on the Nevado Test Site in the Mojave Desert: 19,000
plants representing 28 different species were censused and mapped as part
of a study to investigate the spatial relationships between species. Both
significantly positive and significantly negative associations occur among
various combinations of species, reflecting some of the later conclusions of
Turkington and Harper (1979) on grassland swards. I do not know if
Wallace and Romneys’ census has been repeated on the same site. Such a
study on what is sometimes called ‘pattern analysis’ by plant ecologists is
not unique in its compilation of census data. Although I have not searched
the relevant literature systematically, I can cite two further papers of this
type with census data: Barbour (1969) recorded the numbers of Larrea
tridentata shrubs on hundreds of quadrats throughout the range of the
species in the United States; Malik et al. (1976) enumerated Atriplex
vesicaria bushes in Australia. Undoubtedly further examples of this genre
exist.

Census of cryptograms

A feature of the period under consideration in this section has been the
general expansion of plant census in vegetation. This has not been con-
fined to flowering plants. Several census studies on marine algae have been
reported, many of them indeed dating from the 1950s, as Kain (1971) has
shown for Laminaria hyperborea alone. North (1971) quotes publications
which have reported half-life values for Macrocystis populations in several
places: they vary from two months in shallow waters along exposed coasts
to several years on protected coasts. A detailed census study of Macrocystis
pyrifera by Rosenthal et al. (1973) from 1967 to 1973 provided copious life
history data from which Chapman (1979) has constructed a cohort life
table. Dayton (1973) reported census data obtained in 1968 for the annual
alga Postelia palmaeformis. During 1968-1970 Collins (1976) made a
study of the population dynamics of the moss Polytrichum alpestre, the
first of a series of census investigations on mosses; his analyses of popula-
tion flux were modelled closely on the example of Sarukhan and Harper
(1973). In the years since 1970 several further investigations on the demo-
graphy of cryptogamic plants (mostly mosses and marine algae) have been
undertaken. Their results are not qualitatively different from those now
familiar to us from flowering plants and serve to demonstrate how tech-
niques of plant demography based on accurate census data have universal
application in the plant kingdom.
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CONCLUSION

As a botanist trained originally in the academic tradition of Braun-
Blanquet and Tiixen, but later refashioned somewhat by the Darwinian
philosophy of John Harper, I should not perhaps express surprise at the
biases of the textbooks of plant ecology. But I have come in the past few
years to realize the extent of their bias through their virtual neglect of
research on plant demography. And this despite the considerable volume
of published work that has been available for a balanced view of the whole
scope of vegetation ecology. It has now become clear to me that the failure
to incorporate census studies earlier into the academic mainstream has
hindered the development of vegetation science. Several ecologists from
Tansley onwards have advocated a numerate, analytical science of plant
ecology, but somehow never grasped that it was flourishing among range-
land ecologists of their own generation. In only one instance was there a
significant language barrier to the transmission of information (from the
Soviet Union to North America and most of Western Europe) so this
cannot be held as a responsible cause. A sociological explanation may be
forthcoming in future as we come to know more of the intellectual con-
tacts between vegetation scientists. In this respect Tobey’s (1981) study is
a valuable source of information on the competing ideologies of plant
ecologists associated either with Nebraska or with Chicago, despite
Egerton’s (1983) reservations about his analysis. Egerton (1983) partly
identifies the problem, I believe: ‘the history of terrestrial plant ecology
seems more difficult to understand and appreciate than that of the other
subdivisions of ecology . . . the main difficulty appears to be a parochialism
that arose from the feeling among plant ecologists that different methods
were appropriate for different kinds of vegetation and that the descriptive
phase of their work need not await the time when a consensus on proper
methods was reached’.

But I think a deeper issue is involved: the extent to which botanists
influential in the development of vegetation science had a Darwinian view
of nature. Botanists have been traditionally lukewarm to Darwin’s
theory of evolution by natural selection, as I have mentioned elsewhere
(White 1984). Only a few plant ecologists in the past have seen in Chapters
3 and 4 of On the Origin of Species guidelines for a research programme
on the life histories of plants, skilfully sketched by Darwin, but needing
years of careful investigation. The first, I think, was Clements who had a
marvellous appreciation of the value of experimental approaches to
natural vegetation and of the necessity for a numerate ecological science.
Despite his success in promoting his ideas on plant census research his
students and followers seem, in the main, to have regarded the techniques
as a means to a severely practical end, the increase of the grazing capacity
of rangelands. There is little evidence (e.g., Canfield 1957) that the possess-
ion of uniquely detailed demographic information on plants was used by
them to answer ‘Darwinian’ questions. Perhaps, too, the failure of Clements
to transmit his vision of vegetation science through academic channels (he
was not associated with University teaching after 1917), did not allow his
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ideas on plant demography to escape beyond the relative intellectual
parochialism of the prairie and semi-desert grasslands. His grander
theoretical writings were, on the other hand, widely debated. Tansley’s
(1947) encomium of him as ‘by far the greatest creator of the modern
science of vegetation’ recognized his creation of ‘a permanent structure of
science, without which the amassing of detailed knowledge . . . can have
no coherent meaning’. Perhaps, with fellow-feeling, Tansley revealed as
much about himself in these words (see Godwin 1977): he had more
sympathy with Clements’ holistic philosophy of vegetation than with his
practical expertise.

A half-century or more elapsed until in the 1960s the Darwinian approach
to vegetation was resuscitated by John Harper, now more skilfully and
with more conviction I believe than by any previous vegetation scientist.
We live today in the midst of the development of a new style of plant
ecology. I cannot claim to be a disinterested observer of its achievements,
but it is incontrovertible that the demography of plants has now become
a well-established feature of vegetation science.
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VEGETATION CHANGES IN HERBACEOUS
COMMUNITIES

REINHARD BORNKAMM

ABSTRACT

The stages of successional change of vegetation are described from a
number of experimental plots observed over several years. Changes in
succession which may be described phytosociologically as a sequence of
vegetation types are founded on the demographic properties of individual
species.

INTRODUCTION

In vegetation science Warming (1896) was the first to stress the general
nature of succession as a feature of vegetation. Warming thus founded the
European tradition of the science of succession. (The results of Lawes and
Gilbert in the Rothamsted experiment, see Williams 1978, seem not to
have been a constituent part of knowledge in botanical science at that
time.) In the young discipline of phytosociology Braun-Blanquet (1928)
devoted 10% of his book to the chapter on community development or
syndynamics; it is interesting to note that this was three times more than
he needed for the chapter on synsystematics. Under the influence of
Clements (1916) and other American workers and the publications of Liidi
(1924) and Furrer (1922), Braun-Blanquet’s notions of seral development
were based on spatial gradients of vegetation (zonations) that had been
interpreted as temporal gradients (successions), where the time scale was
arbitrary. But at the same time Braun-Blanquet and many others started
research on permanent plots, as witnessed by the second and third editions
of the same book (Braun-Blanquet 1951, 1964). The increasing exper-
imental evidence concentrated the interest of plant ecologists on more
detailed patterns within the succession in order to gain an understanding
of the real process and its precise mechanisms. The principles of this type
of research have been pointed out several times (e.g. Ellenberg 1956,
Westhoff 1969, Feoli et al. 1975, Schmidt 1981). The methodical aspects
were given first by Christiansen (1930) and by Liidi (1932) in a lengthy
monograph. Permanent plots now exist in all parts of the world.
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The present paper deals with herbaceous communities in the lowlands
of Central Europe. Several reviewers have summarized the work done so
far in this area (Bottcher 1974, 1975, Schmidt 1974). In his compilation
Schmidt (1974) mentioned 801 plots: the largest portion (512) was situated
in salt-marsh communities, mostly in the Netherlands; 110 plots were
established in grassland, 60 in weed communities, 58 in forest and similar
communities, 61 plots in all other types of vegetation. If we disregard the
special case of salt marshes we can observe that research has been done
nearly exclusively in secondary succession, indeed mostly in man-made
vegetation, and that most of the plots belong to a partial sere of a forest
sere (in the sense of Braun-Blanquet 1964).

“Vegetation succession is the successive occurrence of phytocoena at a
given site” according to van der Maarel and Werger (1980), following a
formulation of F. McCormick. Phytosociological succession research
starts with the plant community as a whole. It describes not only the
sequence of stages (characterized by changes in the dominant species and
dominant life forms) (Knapp 1974), but also the sequence of plant associ-
ations or of vegetation units below the association level. The analysis of
the succession process leads to the detection of continuous small scale
changes that have been described as micro-successions (‘“Kleinsukzes-
sionen”, Bornkamm 1962). The driving forces of these events are in fact
the populations of species which grow in the plot. In the present paper
this analysis will be carried out for a number of examples. It will be shown
that phytosociological succession research, beginning at the community
level and advancing through analytical steps, finally meets population
ecology and autecology.

THE SEQUENCE OF STAGES

It was Warming (1896) who early designated the sequence of stages
“annuals/biennals — perennial forbs and grasses — woody vegetation’ as
the overall sequence of seres in a forest biome. This sequence is exemplified
by a series of life forms that characterize the various species at
different sites. Such a sequence is probably generally correct for all suc-
cession investigations done so far in our region, but the duration of stages
(Major 1974a) differs widely as a consequence of the variation of external
factors, including the activity of man. Some communities with frequent’
disturbance (e.g., certain agricultural and ruderal communities) never
reach the perennial stage. In others the perennials germinate even in the
first year and reach dominance in the second. Similar differences exist for
the change from herbaceous to woody vegetation.

For a number of examples the sequence of stages is recorded in Table 1.
The experiments compared here were of different design. Mahn (1966)
observed one plot of 1 m? size in a xerothermic grassland on a porphyry
hill near Halle (GDR) for § years after burning. Schmidt (1981) set up a
multifaceted experiment (total size 3450 m?) in the New Botanical Garden
of the University of Gottingen. The habitat is characterized by a deep
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loamy soil in the valley of a small stream in a (shell) limestone area. Some
blocks were sterilized before starting the experiment, and different kinds
of management were used (see Table 1). The third experiment (Bornkamm
1981b) consisted in ten plots of 1 m? size each on a nutrient-rich horti-
cultural soil in the garden of the Botanical Institute of the University
of Cologne. The succession was started by complete removal of the
existing vegetation. After 2 years a stand of high forbs developed, domi-
nated by Urtica dioica, which remained dominant until the end of the
experiment.

The next experiment (Bornkamm 1975 and unpublished) was establish-
ed in a dry calcarous grassland on rendzina soil on a south-facing slope
near Gottingen. The vegetation before the war was grazed by cattle; it was
ploughed once or twice after the last war and not used later on. Three very
small plots were used: in plot B (2m?) the existing vegetation was removed
completely; in plot A (2 m?) the vegetation was removed except for the two
dominating species Bromus erectus and Brachypodium pinnatum. In the
first year of succession the stands were characterized by a great number of
annual weeds of arable fields. In the second year perennial grasses became
dominant, starting a long period of grassland vegetation. The smallest plot
C (0.56m?) was a 40cm deep soil core bearing a portion of a mesic
meadow dominated by Arrhenatherum elatius. Plot C was transplated
from its original site at the valley bottom to the dry slope near plots A and
B. (Plot C is not included in Table 1 but will be dealt with later.)

The last experiment (Bornkamm and Hennig 1982, Bornkamm 1984)
was established in the experimental area of the Institute of Ecology of the
Technical University of Berlin. Here 10 m?-blocks were available each
containing 50 cm deep layers of one of five different imported soils; each
block was separated into ten plots of 1 m?size. Since two blocks were used
for each soil type the whole experiment initially comprised 100 plots (for
the lay-out of these plots see Fig. 4). Here after a short period with stands
of different species of annuals (corresponding to the different soil types)
a vegetation of perennial forbs developed, dominated by Solidago
canadensis. It was only in the sand plots that after less than one decade a
shrubby vegetation was established which was dominated by Sarothamnus
scoparius.

The sequential transition from bare soil to woody (or at least shrubby)
vegetation has been established by direct visual evidence on permanent
plots in only a few cases. Many investigations start with a stabilized
vegetation type and the stage does not change during the period of
observation. The transition from the perennial to the woody stage is,
consequently, usually concluded from a comparison of plots of different
known age. The change from the annual to the perennial stage is relatively
well represented by direct data. This transition was already recorded in
one of the earliest observations of this type: the conversion of a former
garden into a road during the years 1908-1910 (Hildebrand 1911; see
Table 2).

The differentiation of the ‘annual’ life-form, which in fact comprises a
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Table 2. Number of species of various life-forms in a former garden changed into a road
construction area (according to Hildebrand 1911)

Spec 1908 1909 1910*
Therophyta 9 19 9
Hemicryptophyta 6 23 12
Geophyta 1 1 1
Phanerophyta - 1 1

*Incomplete because road work was finished.

number of varying potential life-forms (Sissingh 1952) enables us to look
closer at this first change. Schmidt (1981) presented data from old fields
where such a differentiation was made. It can be seen (Table 3A) that
summer annuals (TA) decrease very rapidly whereas wintergreen annuals
overwintering in a juvenile phase (TH) remain longer in the succession,
taking advantage of their earlier growth. Annuals overwintering in their
fully developed (summer) habit until they are stopped and occasionally
killed by frost (TE), and bi-annuals (TB) do not play an important role.
Later in succession the autumn germinating species decrease: Borstel
(1974) investigated the offspring of seedlings in soil cores taken either in
spring or in autumn from old fields bearing different succession phases; he
observed a decrease of seedlings in the autumn samples as compared with
the spring samples. This is not necessarily so under other conditions, as
indicated by Table 3B which contains data from a dry grassland only 2 km
away from Schmidt’s plots (Bornkamm 1961, 1974).

The variation of annual life cycles is more important for the develop-
ment of vegetation if open space is available during different seasons. In
the experimental plots on different soils in Berlin (Bornkamm and Hennig
1982; see also Table 1) succession started in spring 1968. From year to
year a number of plots were harvested and were allowed to start a new
succession. Between the first series (that started growth in April) and the
second series (starting growth in August, after harvesting) a distinct
floristic difference was recognizable. As far as annuals were concerned the
harvested plots showed increased cover values of Apera spica-venti,
Bromus hordeaceus, Bromus sterilis, Vicia sativa ssp. angustifolia and Vicia
tetrasperma, all of them winter annuals. A great number of species showed
‘a decrease: most of them were summer annuals (Anagallis arvensis,
Euphorbia helioscopia, Galinsoga parviflora, Myosotis stricta, Sisymbrium
officinale, Atriplex patula, Chenopodium album, Digitaria ischaemum and
Gnaphalium uliginosum) or Therophyta epeteia (Poa annua, Senecio
vulgaris and Capsella bursa-pastoris). There was one biennial plant which
preferred the harvested plots (Oenothera biennis) and three others pre-
ferred the non-harvested plots (Conyza canadensis, Daucus carota,
Verbascum lychnitis). Differences remained over a number of years in the
perennial vegetation also.
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THE SEQUENCE OF PLANT COMMUNITIES

In spite of the fact that the study of succession was one of the first research
topics of early phytosociology, as it was for other branches of vegetation
science, it should not be overlooked that it raises considerable theoretical
problems. Let us recall that the phytosociological method (see Westhoff
and van der Maarel 1973) is based on relevés which must contain three
basic elements: a chosen area, a complete list of species, and an estimation
of the quantity of each species. At least the first two are absolutely
necessary. In syntaxonomy vegetation types are defined as abstract units
in a hierarchical system chiefly by floristic similarity (Braun-Blanquet
1964). It is assumed that floristic similarities and differences are caused by
environmental factors, including human management. The many observa-
tions of the correlations between floristic composition and the quantity of
a given environmental factor justify this assumption. The relation between
vegetation unit and habitat is one of the crucial problems in phytosociology:
not surprisingly, vegetation mapping is one of its widespread applications.

During succession in a given habitat, on the other hand, different stages
of one stand follow each other in time. The stages can be described as
vegetation types because of their floristic similarities with phytosociologi-
cal units. But they also bear floristic similarities to each other, caused by
their own history, by their own successional connections. It is well known
that a number of vegetation systems are based on these syndynamic
connections. This holds true even for some branches of phytosociology
(Aichinger 1951, 1974), but this is an exception. Both views shall be
combined in analysing a number of succession experiments listed in
Table 1.

As an example we can consider first the Berlin experiment outlined
earlier (details in Bornkamm & Hennig 1982). The sociological status of
the species according to Oberdorfer (1979) shows that on sand (Fig. 1a)
the vegetation started with a dry type of Sisymbrion community (first and

Fig. la. Change of sociological groups during the first years of a succession on sand in Berlin.
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Fig. 1b. Change of sociological groups during the first years of succession on loam in Berlin.
I, Sisymbrion and Sisymbrietalia; I1, Polygono-Chenopodion and Polygono-Chenopodietalia;
111, Chenopodietea class; 1V, differentiating species of drier subunits of Chenopodietea
communities; V, Arction and Artemisietea class; VI, Sarothamnion and Querco-Fagetea,
VII, Plantaginetea class; VIII, Agropyretea class; X, others.

second year, transition in the third year) changing into an Arction com-
munity by the fourth and fifth year. In the sixth year shrubs became
dominant, notably Sarothamnus scoparius, an indicator of the Sarothamnion
alliance. On loam (Fig. 1b) the vegetation started with a Polygono-
Chenopodion community, changing in the second year into an Arction
community that turned out to be dominant for a number of years. In the
first years species of trodden habitats (Plantaginetea class) were present in
considerable amounts, whereas species of ruderal grassland communities
(Agropyretea class) invaded and remained constant throughout the
experiment.

In the Gottingen experiment on limestone outlined earlier (details in
Bornkamm 1974, 1975) a Caucalido-Adonidetum (alliance Caucalidion)
very quickly changed into a Gentiano-Koelerietum (alliance Meso-
bromion). In this case the correspondence of sociological indicators with
changes of life forms (Table 1) is evident. In the small plot C transplanted
from a mesic meadow into the dry grassland the use of sociological
indicators allows a more detailed view than the use of the life forms only.
The mechanism of this change is not merely the replacement of one group
of characteristic species by another, but a series of events (Fig. 2). The
dominance of the mesic meadow plants (III) continues to the third year.
Some of them die out rather quickly, other ones fade out or keep on
growing as tiny individuals. In the next phase those species which typically
grow in moist meadows, but which may also occur in dry grasslands,
increase: they can here be used as indicators (differentiating species) for the
more mesophilous types of the dry grassland (IV). Most of these species
were already present at the beginning. At the same time species charac-
teristic of dry grassland (V1) invade and spread considerably. Groups IV
and VI match each other after 7 years, followed by a steady dominance of



97

‘SSB[O BOJOWIOIG-00N}S3,] PUB WNISLID[A0HN-OUBNUID) ‘[A ‘WNIDISYIBUSYLIY-09NEB(] Y} JO SHUNQNS ISUP Y]
Jo sarads SunenualoyIp Yiim W dwes 3Y) 1. Inq JA I ‘A ‘WNISLR0Y-OUrNUID 3y} Jo spungns snojrydosaw 3y} Jo sa103ds SUNBIUSISYIP Yiim swn
awres 3y} 18 Inq ‘II] 3] ‘A ‘SSBIO BI)IIYIBUSYLIY-OIUI[O]A] PUE WINJAISYIBUSYLIY-00ne(] ‘II] ‘IA—III 10 [ sdnoJ3 ut papnpout jou sa10ads ‘[ ‘SSB[O BIJOUI[BIOS
pUE WN)SPIUOPY-OpIeone) ‘I ‘ualuniQn Ieau eare suojsawy e ur adoys Sude)-yInos € uo uoissaoons e Fuunp sdnoid [eoigojowos jo sduey) 7 Sif

SL 0L S9 09 SS EGEL
L L L ), L L 1 1 —.I.I L A |rr_ 1 1 1 1 |—rrr _|].I_ 1 L A L 1 D
ANV )\
.ff:.r.lrr
I/ roe
Fov




98

Fig. 3. Cover changes of dominant species of a small succession plot (plot C = 0.56 m?)
transplanted from a moist meadow into a dry meadow near Gottingen. Abbreviations:
Ae, Arrhenatherum elatius; Be, Bromus erectus; Dg, Dactylis glomerata, Fr, Festuca rupicola;
Mf, Medicago falcata; Pa, Poa pratensis ssp. angustifolia; Tr, Trifolium repens.

group VI. Other species with (V) or without (II) special affinity to the two
types of grassland show irregular changes. During the most dramatic
changes (first years) free space becomes available for some Caucalidion
species (I).

In these examples we can detect plant communities linked together
through different phases defined by the change of sociological indicator
species. The picture becomes still more complicated when we move to
the population level and look at individual species (Fig. 3). We can see
the maximum of Dactylis glomerata in the first phase, in the second phase
a maximum of Trifolium repens followed by a maximum of Festuca
rupicola with Arrhenatherum elatius as codominant. During ten years of
increasing dominance of Bromus erectus two other species (Medicago
Jalcata and Poa pratensis ssp. augustifolia) pass through lower maxima.
The position of Bromus as the sole exclusive dominant is established after
21 years.
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A very similar sequence of plant populations with increasing dominance
has been found during succession of salt marshes (Beeftink et al. 1971,
Hogeweg et al. 1985). After frequent changes in the first years, a rather
stable phase of Poa pratensis grassland is reached.

These series of population changes raise the question of the mech-
anisms in action during these processes. In the present paper attention will
be paid to the change from the short-lived species to the perennials, and
to changes between the herbaceous perennials. The change from her-
baceous perennials to woody plants will not be discussed.

THE TRANSITION FROM SHORT-LIVED TO
PERENNIAL PLANTS

It is very well established that the first vegetation cover by annuals in a
succession is regulated by the immigration of seeds or by the soil seed
bank, and by the special characteristics of germination and growth
(Knapp 1967, Raynal and Bazzaz 1973, Harper 1977, Bazzaz 1979). The
initial steps of the succession in the first year are primarily brought about
by the life cycles of the short-lived plants. This agrees with the earlier
findings of Keever (1950).

In our Berlin experiment annuals and biennials germinated in the first
year. The annuals mostly showed maximum cover and frequency in the
first year, except for Vicia sativa ssp. angustifolia and Bromus sterilis which
exhibited maxima after c. 6 years. Both these species produce very large
seeds that permit germination within established perennial vegetation.
In the case of Bromus longevity of seed caused by light-induced dormancy
(Pollard 1982) may also play a role. In the first year the most important.
perennials like Solidago canadensis and Artemisia vulgaris were present in
a minority (c. 30%) of the plots only (Table 4). In most plots they invaded
in the course of the following years. For this reason the dominance of
short-lived plants, especially biennials, lasted more than one year in a
number of plots. Within the experiment the most important annuals were
Senecio vulgaris (on sand and loam) and Sonchus asper (more on loam);
the most important biennials were Conyza canadensis and Oenothera
biennis; the most important perennials were Artemisia vulgaris and Solidago
canadensis. The behaviour of these six species is clearly reflected in the
figures in Table 4. There is an obvious parallelism between Senecio and
Sonchus: in the first year both species exhibited high frequency and
biomass as well as considerable mean cover and number of individuals.
From the first to the second year mean cover and biomass decreased by
nine-tenths of the former values; the species were still rather frequent but
showed smaller individual size. The shoot:root ratio remained high. In
the harvested plots these species do not occur any more in the third year.

Conyza canadensis is usually supposed to be a biennial plant but is well
able to flower in the first year. Its occurrence was more extended than that
of the first two species. Mean cover, frequency and biomass did not
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alter from the first to the second year. The number of individuals and
shoot : root ratio reached a maximum in the second year. This indicates
a greater number of flowering plants in the second year, because the
shoot : root ratio is much higher in reproductive specimens than in non-
flowering rosettes (6.1 vs. 3.3 in a sample where the ratios have been
determined separately). The individual size decreased rapidly from the first
to the second year. Evidently germination and growth become more and
more difficult for the short-lived plants.

Oenothera biennis as a true biennial holds an intermediate position
between annuals and perennials. It increased its cover, frequency, number
of individuals and biomass up to the fourth year. But the size of the plants
and their shoot:root ratio decreased. In the second year it was most
frequently the highest plant among the vegetation of its plot. It showed
maximum cover values around the years 4-6 and decreased after that
(Bornkamm and Hennig 1982). Artemisia vulgaris and Solidago canadensis
differed in the more irregular distribution of Artemisia and its shorter
duration in the succession. They both started with a frequency of about
30%, but a cover of only 2%, and both parameters increased rapidly with
time. With Solidago the biomass, number of shoots size and increased simul-
taneously. This stands in direct contrast to the behaviour of the annuals.

Bornkamm and Schrade (1981) carried out experiments with Galinsoga
parviflora as an annual, Oenothera biennis as a biennial and Solidago
canadensis as a perennial in pure and mixed cultivations through one
vegetation period. The annual plant dominated with respect to cover and
biomass until summer, when it flowered. In autumn the biennial plant
exhibited the greatest amount of biomass with large rosettes, whereas the
perennial plant was rather inconspicuous. The shoot : root ratio was high
in QOenothera, intermediate in Galinsoga and declined from 2 to <1 in
Solidago over 12 weeks. This means that the perennial plant stored most
of the photosynthetic products in the underground parts, thus preparing
for its success in the next growing season. This is known for a number of
perennial plants like Tussilago farfara and Agropyron repens (Hahn et al.
1979), Chamaenerion angustifolium (van Andel et al. 1979, van Andel and
Nelissen 1979), and Solidago canadensis itself (Schiafer and Werner 1979).
A number of Oenothera plants flowered in the first year and behaved like
annuals. This observation points to the fact that our knowledge of the
multiplicity of short life-cycles is very incomplete.

TRANSITIONS BETWEEN HERBACEOUS PERENNIALS

The invasion of perennials is regulated in the same way as annuals by the
supply of seeds. In addition invasion by rhizomes or other types of clonal
growth play a role. Once established, the perennials form a rather
irregularly dispersed pattern (microfacies, Knapp 1967, 1974) changing by
numerous small steps (microsuccession, Bornkhamm 1962) to a more
complex community structure. For the first phases it is very important
which species invade first or are present from the beginning. Perennial
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Fig. 4. Spread of Arrhenatherum elatius in the experimental plots in Berlin. Numbers indicate
the year of the first appearance in each plot (year 1 = 1968). The lines enclose plots
colonized by Arrhenatherum within periods of 5, 8 and 12 years. Plots without number are
devoid of Arrhenatherum.

plant communities are ‘founder controlled’ (Yodzis 1978) to a great
extent. Experimental data for this assertion have been given by
Arens (1962) and others. With the vigorous spread of a small number of
dominant plants, types of herbaceous vegetation can rather quickly reach
a considerable structural stability (Bornkamm 1981a), but internal
changes are nevertheless occurring. Both processes, invasion and repar-
tition of species already existing in the plot, shall be discussed in more
detail.

Figure 4 shows the invasion of Arrhenatherum elatius in the Berlin
experiment. Its fruits were probably present in the seed bank at the
beginning of the experiment in some plots at the southern end (right hand
side of Fig. 4). It spread slowly during the next few years. In the vicinity
of the northern part of the plots a new seed source became available in
1975 by setting up a separate experiment containing Arrhenatherum. After
the very dry year in 1976, the grass invaded several new plots: two distinct
waves in the moist years 1977 (year 10) and 1980 (year 13) can be observed
in several plots.

The change and replacement of species already existing in the plots is
accomplished by clonal growth rather than by seed reproduction. In the
transition from the rough pattern of microfacies to a more finely patterned
community structure, Knapp (1967) formally discerned the following
‘processes: overgrowing (e.g., high forb over small grass), undergrowing
(the reverse), penetration (e.g., mixing up of rhizome systems), lateral
crowding, outliving. These all are means of interference of the shoots;
considerably less is known about the interference of roots. Early suc-
cessional plants show a large overlap of their root systems, whereas later
successional species exhibit a stronger niche separation (Parrish and Bazzaz
1976). For example, the interaction of roots of the perennial grass Poa -
pratensis led to a restricted root growth and especially to lower lateral
growth of the annual grass Bromus tectorum (Bookman and Mack 1982).
An important factor for the year-to-year fluctuation of both roots and
shoots is supposed to be the distribution of available soil space in spring.
Early root growth seems to be an advantage in this process (Bornkamm
1961). Important too is the fact that roots (or rhizomes) as truly perennial
organs are accumulated to a higher extent than the predominantly
summergreen shoots (Bornkamm 1981b). It has been shown (Bornkamm
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Fig. 5. Changes in shoot:root ratios during succession. Berlin experiment: ®, whole her-
baceous plots; O, whole shrubby plots; O, Solidago canadensis alone. Cologne experiment:
x , whole plots. Plot size was 1 m”. Ratios are shown on the ordinate and time in years on
the abscissa.

1981b) that this accumulation can be responsible for the accumulation of
carbon and nitrogen in a succession (Major 1974b, ¢). In our Berlin
experiment (Table 4) Solidago canadensis increased its biomass during the
first 4 years. This increase kept on until the ninth year (Bornkamm 1984).
At the same time it decreased its shoot:root ratio to <1 (Fig. 5). The
shoot : root ratio of the whole vegetation on the plots decreased from 6 to
1 in the Berlin experiment, and from 3 to less than 1 in the Cologne
experiment, where Urtica dioica was the dominant species. In two of the
Berlin plots, where shrubby vegetation had developed the ratio increased
again (Fig. 5). Thus the perennial herbaceous communities pass through
a phase of very low shoot : root ratios before the ratio is raised again by
the woody plants.

Comparing the two stages discussed so far the conclusion can be drawn
that the annual stage is regulated primarily by the seed bank (Raynal and
Bazzaz 1973) and by the germination and growth characteristics (Bazzaz
1979) of the given species, whereas plant interactions become more and
more important with the establishment of the perennial vegetation. This
agrees with the opinions expressed by Keever (1950) and by Parrish and
Bazzaz (1976). The different kinds of interactions (Malcolm 1966) may
lead to niche separation and avoidance of interference. If niche separation
becomes progressively more distinct during succession a more and more
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Fig. 7. Distribution of several plant species within succession plot A at Gottingen (plot size
=2m?) at intervals of 5 years.

finely-grained structure of the vegetation will result, leading to an increas-
ing species number in small areas. As a demonstration of this process we
can take the data from the Géttingen grassland experiment where one 4 m?
plot (=total of the two plots A and B) was divided in 400 subplots
(Bornkamm 1975). In spite of two changes in the method of field recording
the shape of the curve in Fig. 6 is clear. The total species number increases
continuously over 30 years from c. 20 at the beginning to c. 40 at the end.
The percentage of total species occurring on the average in smaller
portions of this plot is nearly stable in the long first phase (1954-1973) but
increases in the short second phase (1974-1983); this is evident when
related to the two smallest areas. In the 0.2m?, 0.04m? and 0.01 m?
subplots the percentages were 35 + 6%, 17 + 2% and 9 + 1% respec-
tively in the first phase but 44 + 3%, 24 + 3% and 14 + 2% respectively
in the second phase.

Similar data are given by Londo (1980: Fig. 5) or can be computed by
using the graphs of Mahn (1966) and others. All these data are consistent
with the hypothesis that both direct interference and niche separation
share in creating the conditions for coexistence of a great number of
species within a small area.

This complex pattern is achieved by the different reactions of all the
plants within the community. As an example, the distribution of a number
of species of contrasting behaviour in plot A of the Gottingen experiment
is plotted in Fig. 7 at 5 year intervals. As mentioned earlier, the vegetation
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was removed on this plot in 1953, except for the two dominating grasses
Bromus erectus and Brachypodium pinnatum. Bromus is a ‘stress-tolerant
competitor’ according to Grime (1979) and after 5 years it covers the
whole area and remains dominant. Brachypodium shows considerable
changes of cover within a short time. This variability is even more distinct
in Convolvulus arvensis: in dry years (like 1973 and 1983) it is scarcely
visible above the surface but becomes widespread in moist years (1958,
1968, 1978). Linum catharticum (an annual) shows low frequency in most
years but an outburst of specimens occurred in the moist year 1978.
Plantago media is included in Fig. 7 as an example of a settlement of
constant locality and slow spread. Unfortunately the below-ground
dynamics of these species are not known, but with regard to the above-
ground dynamics, it is obvious that both environmental factors and
life-cycles of species play a role in the distribution and abundance of each
species. Bornkamm (1974) found that cover changes in a grassland
succession (Gottingen plots A + B) were correlated only to a small extent
with climatological factors (like precipitation and temperature) but to a
large extent with the duration of succession.
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RESEARCH ON PERMANENT QUADRATS IN THE USSR

MICHAEL V. MARKOV

ABSTRACT

Some of the early researches on permanent quadrats in the USSR are
reviewed. The long tradition established by L.G. Ramenskii about 1910
has continued to the present day, and has received new impetus since the
publication of the classical studies of T.A. Rabotnov in 1950.

PHYTOCOENOLOGY: THE CONTRIBUTION OF
L.G. RAMENSKI

Phytocoenology, generally defined as the science of plant communities,
has a long history in the USSR. L.G. Ramenskii (1925) introduced the
term to replace the name ‘phytosociology’ which he considered to be
undesirably anthropocentric. According to Ramenskii (1934) phytocoen-
ology consists of two parts: (a) the description of the species composition,
types and structures of vegetation and (b) the study of interactions
between components of the community, and patterns of development and
succession (dynamic phytocoenology). Causal experimental phytocoen-
ology is linked to dynamic phytocoenology, since the processes of interac-
tions between populations as components of a plant community can be
properly investigated only by a combination of descriptive and experi-
mental methods.

The plant cover of any region is not rigid and stable; each plant
community changes from year to year and from season to season. This
phenomenon is especially pronounced in steppe and grassland com-
munities. The seasonal changes of steppe communities were described in
detail many years ago by Alekhin (1909). For the northern steppes he
attempted to distinguish 10-12 phases or aspects in vegetation develop-
ment, each exhibiting a different character through the physiognomical
dominance of some species group. The nonsynchronous development of
species in steppe communities is of great importance, as a way to more
rational utilization of the resources; Markov (1962) named this
phenomenon ‘layering in time’. Alekhin’s ideas were derived by observing

White, J. (ed.), The Population Structure of Vegetation.
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Fig. 1. The projective cover (relative scale) of species along a gradient (indicated by the
arrow) from a swamp meadow to a plateau of mesoxerophytic grassland along the Oskol
River.

Fs, Festuca sulcata; Kd, Koeleria delavignei; Tp, Trifolium pratense; Tr, Trifolium repens;
Tv, Taraxacum vulgare; Ra, Ranunculus acer; Pt, Poa trivialis; Rr, Ranunculus repens; Cp,
Caltha palustris, Gf, Glyceria fluitans; Cg, Carex gracilis, Hp, Heleocharis palustris, Am,
Alisma michaletii; Ga, Glyceria aquatica; S\, Scirpus lacustris (Ramenskii 1925).

the same plots from time to time but he did not use any quantitative
methods.

Many interesting and important phytocoenological ideas were put for-
ward by Ramenskii. He was the first Soviet researcher to use long-term
observations on permanent quadrats by recording the behaviour of dif-
ferent species: he was the first to understand the necessity to apply objec-
tive methods to study the complex relationship between vegetation and
habitat. From 1913 onwards Ramenskii conducted his investigations of
meadow, fen and steppe vegetation for many years. He employed a
method of ‘projective abundance’ or ‘projective cover’ estimation which
he used to determine the status of each species in a community. The
extensive data collected during 10 years of observation (70,000 estima-
tions) allowed him to draw a number of interesting phytocoenological
conclusions. These confirmed his earlier ideas which he had enunciated in
1910 in a report to XIIth Congress of Russian naturalists and doctors.
Ramenskii (1910) wrote that each plant species has its own performance
curve on the co-ordinates of a synecological diagram in consequence of its
ecological individuality, and that the set of curves for different species in
a community represents gradual spatial changes of vegetation according
to changes in environmental factors. The distribution of each plant species
in, for example, a meadow community along an environmental gradient
was considered to be unrelated to distributions of others: the peaks of
curves do not coincide, as the example in Fig. 1 demonstrates. A natural
outcome of his postulate of the individuality of plant species was Ramen-
skii’s recognition of a continuity (continuum) of plant cover. By recording
the proportion of species on permanent quadrats he believed that process-
es of succession in meadow communities undermined statements about
stable vegetation units: “There is no stable groups of plants. Everything
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flows, breaking all the conditional borders. The laws of formation of
species groups but not the groups themselves are stable and these former
must be investigated’ (Ramenskii 1925: 20). His observations on per-
manent plots (4 m?) were carried out in various communities and showed
clearly that a mere list of species however complete was insufficient to
determine the full composition and structure of a herbaceous community;
it was necessary to observe a community over a period of several years
under different weather conditions. Quantitative relations between species
may be significantly altered from year to year, as the example in Table 1
indicates even though the species composition may remain relatively
constant. Ramenskii believed that a community resists the penetration of
alien species.

Ramenskii (1938) later introduced the term ‘phytocoenotypes’ for the
groups of plant species showing certain life-history patterns. He differen-
tiated three phytocoenotypes: ‘violents’ — species of high competitive
ability, related to their high level of resource utilization (high absorption
capacity of the roots, heavily shading foliage etc.); ‘patients’ — species of
high tolerance to adverse conditions; ‘explerents’ — species with the
ability to invade rapidly into disturbed vacant habitats where competition
was reduced. It is not difficult to see a correlation between the coenotypes
of Ramenskii and the ‘strategies’ characterized by Grime (1979).

RESEARCH ON PERMANENT QUADRATS

Some investigators interested in seed reproduction in natural meadows
began to use permanent quadrats from an early date. The periodic
registrations on 1 square foot (=0.09 m?) quadrats in grassland com-
munities in 1917-1918 showed that many seedlings appeared during the
spring (Shennikov and Baratynskaya 1924). These seedlings represented
only 13 species (although the total number of species in the communities
investigated was as high as 86) and were found mainly in microsites where
the natural cover had been disturbed by cattle. Most seedlings were
recorded during the first dates of observation but then their number
decreased abruptly as rapid canopy formation and overshading became
obstacles for seedlings to develop. Seedlings of species that were in small
numbers in a community (Geum rivale, Ranunculus acer) demonstrated a
high tolerance to shade. However, the majority of species, even those
widely distributed in the vegetation, were not represented by seedlings.
The conclusion was drawn that seed renewal in two grassland com-
munities was of low significance and only took place when there was
disturbance.

For two years (1923-1924) Bogdanovskaya-Gienef (1926, 1954) exam-
ined the seed renewal process in three types of meadow communities
(Mixto-herbetum humidum, Nardeto-succisetum and Deschampsietum).
As she stated herself, she used the Clementsian method of permanent
quadrats, with a frame of 4 dm’ being divided into 16 quadrats (each
25 cm?) by strings. All seedlings and young individuals were mapped, and
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Table 2. The number of seedlings and juvenile plants on four permanent quadrats in
Mixto-herbetum humidum (Bogdanovskaya-Gienef 1926, 1954).

Quadrat No. 1923 1924
1 105 104
2 66 61
3 166 183
4 152 175

stage of development and size (leaf number and width of largest leaf) of
each seedling were recorded. These very detailed observations were
repeated every two weeks but the initial number of ten quadrats in each
community had to be reduced to four each. Bogdanovskaya-Gienef show-
ed there were significant differences in the seed renewal processes in the
various meadow communities. The number of seedlings and juvenile
plants differed, as well as their viability and survivorship. The number of
seedlings emerging from year to year in a given community was main-
tained fairly constant in spite of different meteorological conditions and
different rates of propagule production from year to year (Table 2). The
mortality rate of seedlings and juvenile individuals in the meadows was
high (29-90%). The majority of young plants died as a result of alterations
in environmental factors by adult plants.

Seed renewal processes in the three meadow communities were com-
pared in relation to the degree of space occupied aboveground and below-
ground by adult plants. The total volume of dominant plants was nega-
tively correlated with the maximum number of seedlings emerged and
number of juvenile plants, but positively correlated with mortality among
young plants (Table 3). The development of seedlings under grassland
canopy was extremely slow: phytocoenotic conditions ‘cause the pro-
longation of the juvenile phase in perennial herbs for several years’
(Bogdanovskaya-Gienef 1926: 252).

Table 3. The relation between total volume of dominant species and the number and
mortality of young plants in three meadow communities (Bogdanovskaya-Gienef 1926).

Mixto-herbetum Nardeto-succisetum  Deschampsietum

humidum
Total volume (cm?) 1085 1465 1485
of dominant species
per 16 sq. dm
Total number of 523 118 112
seedlings and
juvenile plants
per 16 sq. dm
Mortality of young 67 80 90

plants emerging in 1923
at the end of summer
of 1924 (per cent)
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The difficulties of long-term observations on the mapping and drawing
of numbers of individuals led to a restriction in the number of species
chosen for observation rather than to a rejection of the method. One may
observe such a trend in the fact that some authors choose to investigate
natural communities with a small number of species, ¢.g., communities
of halophytes. Zakaryan (1930, 1934) studied the seedling emergence,
growth, intra- and interspecific relationships of species of solonchak halo-
phytes (Salsola crassa, Suaeda splendens, S. altissima, Bassia hyssopifolia,
Petrosimonia brachiata, Atriplex incisa) on 47 permanent quadrats (1 dm?)
in Mugan steppe. The growth dynamics of all these species is presented in
general outline in Table 4. Species differed in the time taken for transition
to dormancy or semi-dormancy, in their time of seedling emergence and
in their rhythm of development. Many quadrats supported individuals of
a single species only. By weekly mapping of plants on permanent quadrats
it became possible for Zakaryan to show that the probability of death of
individuals increased with density: in overcrowded stands of S. splendens
91.5% of individuals died within 5 months; from 867 individuals of B.
hyssopifolia only 41 remained alive in autumn and only 5 were fertile. He
also found that severe elimination occurs during periods of rapid growth
and that the rate of elimination slowed sharply as individuals came into
a dormant state: 50% of individuals of S. crassa died during times of rapid
growth and only 8% during dormancy. The light requirements of seedlings
also changed with age. During the first period of growth seedlings were
suppressed by the intense light but later the strong insolation became a
necessary factor for their good development. On some quadrats which
were placed on open areas, a high number of seedlings perished during the
first phase of growth, and only few survived. On the contrary, shaded
seedlings did not perish until the second period of growth, when severe
mortality suddenly began. Surviving individuals of different species
showed varied reproductive ability. On two quadrats 238 of 256 seedlings
of P. brachiata and B. hyssopifolia survived: these were small and
approximately of equal height (5 cm). A large group of the latter species
remained sterile while all the individuals of the former developed fruits.

A.A. Shakov (1947) studied the population dynamics of two-, three-
and four-species communities of halophytes on the bottom of dried lakes
in Northern Kazakhstan. Data were obtained from detailed long-term
quantitative investigation of Aster tripolium, Chenopodium chenopo-
dioides, Suaeda maritima and Atriplex litoralis during the season and
through several generations. For example, the population dynamics in a
two-species community of halophytes was studied for three years: besides
the yearly recorded decrease in number of individuals in both species an
obvious trend could be seen in the gradual replacement of Salicornia by
Suaeda (Table 5). In a few of his investigations Shakhov removed some
chosen species to create single- or two-species stands. He found, for
example, that (a) mortality of C. chenopodioides was higher in two-species
than in monospecific stands (Table 6) and (b) S. maritima caused a greater
suppression of C. chenopodioides than did A. tripolium. Investigations such
as these in which straightforward observations on permanent quadrats are
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Table 6. The number dynamics of halophytes in artificially created mono- and two-specific
communities (Shakhov 1947).

No. of Species Dates of observation Mortality
permanent (%)
plot 10.VI 9.IX
1 Chenopodium
chenopodioides 342 36 89.5
Aster tripolium 15 12 20.0
2 Suaeda maritima 205 93 54.7
Aster tripolium 12 7 49.2
3 Chenopodium
chenopodioides 470 71 83.7
4 Suaeda maritima 138 30 79.3
Chenopodium
chenopodioides 233 17 92.7

combined with experimental manipulations are important in understand-
ing the dynamics of vegetation. The number of species chosen for such
investigations is, however, usually small.

T.A. Rabotnov’s paper of 1950 is now recognized as a classical one on
permanent quadrat research. His painstaking observations on permanent
quadrats of the population biology of some perennials in subalpine mead-
ows of Northern Caucasus initiated a new direction in Soviet phytocoenol-
ogy. The results of his extensive work are now well known and widely
appreciated. Among the most important conclusions of his research is the
understanding that variation in population composition is typical for
plants that grow in meadow communities. This variation is closely connec-
ted with their ability to establish different morphological states depending
on their age and growth conditions. In the process of population structure
formation the ability of seeds to germinate gradually and sustain their
viability for a long time, the ability of young plants to persist for a long
time in the juvenile or semi-mature state, and the ability of mature plants
to endure severe growth conditions (without mortality) for a long time are
especially important. The analysis of species behaviour must be based
upon the estimation of numbers of individuals. Rabotnov considers the
long-term observation of marked individuals on permanent quadrats to be
of especial importance in the study of plant communities (Rabotnov
1951).
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DYNAMICS OF PLANT COENOTIC POPULATIONS

T.A. RABOTNOV

ABSTRACT

A coneopopulation is the collective term for the sum of the individuals of
a species in a plant community. It is typically composed of varying
numbers of individuals in particular age-states, which are defined on
morphological and ontogenetical criteria. Since the coenopopulation
structure of a species reflects the conditions of the biocoenosis in which it
lives, the age-state spectrum of a species varies in space and in time. Some
of the varieties of coenopopulation composition and dynamics are dis-
cussed in this paper.

THE CONCEPT OF A COENOTIC POPULATION

The concept of a population as the sum of the individuals of a species,
differing in their age and vitality state, in a plant community was estab-
lished for the first time in studies of subalpine meadow plants in the North
Caucasus (Rabotnov 1945, 1950a, 1950b). Such populations were con-
sidered as structural elements of phytocoenoses. It was, therefore, sugges-
ted to name them ‘coenotic populations’ or coenopopulations (Petrovskii
1961, Korchagin 1964).* It was recognized that any species in a phyto-
coenosis is represented by a coenopopulation special to that phytocoenosis
and characterized by the number of individuals belonging to different
age-states (Rabotnov 1945, 1950a). For this purpose a classification of
four main periods of the life (age-states) of plants reproducing by seeds
was used (traditional abbreviations are indicated in brackets): (1) Latent
period (period of primary dormancy when individuals exist as viable
dormant seeds) (se); (2) Virginile period, from germination of seeds to
formation of generative shoots; (3) Generative period of reproducing by
seeds: (4) Senile period, when plants lose their ability to reproduce by seeds
because of senescence (Rabotnov 1945, 1950a).

*Development of the concept of coenopopulation was influenced by studies of plant
reproduction by seeds in meadow phytocoenoses by Bogdanovskaya-Gienef (1926, 1941),
Linkola (1930, 1936) and Perttula (1941).

White, J. (ed.), The Population Structure of Vegeiation.
© 1985, Dr W. Junk Publishers, Dordrecht. ISBN 978-94-010-8927-2



122

Within the virginile period the following groups are distinguished:
seedlings (pl), juveniles (j), transitional forms from juveniles to matures
(immatures (im) according to Uranov 1960), and mature virginile (v)
individuals. The generative period can, if it is prolonged, be divided into
three subperiods (Rabotnov 1949, Trulevich 1960): a subperiod of increas-
ing generative and vegetative vigour of individuals (g;); a subperiod of
maximal generative and vegetative vigour of individuals (subperiod of life
culmination) (g, ); a subperiod of senescence (g;). Individuals of polycarpic
species, having attained the ability to flower, often develop generative
organs not every year but at intervals of one or several years. Thus the
group of generative individuals can consist of individuals both with and
without generative shoots at any given time. Furthermore adult indi-
viduals of several species in unfavourable conditions can turn into a
dormant state persisting in unfavourable periods in the form of dormant
underground organs. Senile individuals (s) are, by definition, absent in
coenopopulations of monocarpic species. They are usually absent also in
coenopopulations of species with short duration of life, and in coeno-
populations of trees. The existence of individuals in the postgenerative
state can be determined both by their senescence and the influence of
unfavourable environmental conditions. The group of such ‘quasisenile’
individuals is apparently widespread, particularly among herbaceous
species of broad-leaved forests (Smirnova 1983).

The structure of a particular coenopopulation of a species is determined
by counting the number of individuals per unit area belonging to each
age-state group. This entails a careful and detailed analysis of the mor-
phology and morphological changes of individual genets as they grow
older. Coenopopulation age-state spectrum is investigated usually either
by observing all individuals of a species on permanent plots over a period
of several years, or by a single inventory of all individuals of a species
within plots situated in different environments and their classification into
age-state groups. In all cases a morphological study of ontogenesis is an
essential preliminary step.

According to the biomorphological properties of species and the aim of
investigation different age-state groups of individuals are distinguished in
coenopopulations. It is often expedient to unite into one group seedlings
and juveniles; it is sometimes impossible to demarcate a boundary between
juveniles and immatures. It is usually necessary to unite in the one group
of adult vegetative individuals both mature virginile and those ‘generative’
individuals which in the particular season of investigation did not develop
generative shoots: it is impossible to distinguish them sufficiently accu-
rately on their aboveground organs.

In Tables 1, 2 and 3 data on the coenopopulations of four meadow
species are presented. These are selected species, typical for different types
of meadows: Anemone fasciculata is a species distributed widely on sub-
alpine meadows of the North Caucasus; Potentilla erecta is a species
typical of upland (not flooded) meadows of the forest zone; Ranunculus
acris and R. auricomus are species typical both of upland and of some
types of flooded valley meadows. Both numbers of individuals and
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age-state spectrum in the coenopopulations of these species vary from one
type of phytocoenosis to another, and from year to year. Table 3 shows
the different directions of change of coenopopulations of the two species
of buttercups on the same plot during a ten-year period.

Coenopopulations are subject to changes: they arise, reach maximal
development and then can degrade to the point of disappearance. In the
first paper devoted to the elaboration of the coenopopulation concept
three types were distinguished according to the stages of their development
(Rabotnov 1945):

(1) invasive, in which the age-state groups characteristic of early onto-
genesis are predominant;

(2) normal, in which all age-state groups are represented to varying

., degrees;

(3) regressive, in which age-state groups characteristic of later ontogenesis
are predominant.

Within these groups many variants have been distinguished and more

comprehensive classifications have been proposed (Rabotnov 1950b;

Rysin and Rysina 1965; Rysin and Kazantseva 1975; Uranov and

Smirnova 1969).

The coenopopulation represents the existence of a species in a particular
phytocoenosis and reflects its coexistence with other plant species and with
other organisms. The composition and dynamics of coenopopulations
reflect ‘the totality of adaptations ensuring the possibility for species to
coexist with other organisms and to occupy definite positions in bio-
coenoses” (Rabotnov 1975).

The sum of successive coenopopulations in the one place is sometimes
referred to as the ‘coenopopulation flow’ (Uranov and Smirnova 1969) or
the ‘great cycle of coenopopulations’ (Rabotnov 1969). This includes the
subcycles of successive (temporal) coenopopulations and comprises the
periods of formation, persistence and decline, corresponding to invasive,
normal and regressive age-state spectra sequentially.

The scheme outlined above of the age-state spectrum of coenopopula-
tions (sometimes with minor alterations) is widely used in the USSR. The
bibliography of papers on the problem of coenopopulations (Rabotnov
1980, 1981) gives an idea of the large volume of work expended in the
studies on coenopopulations in the USSR. An especially large contri-
bution has been made by A.A. Uranov and his collaborators (¢.g., Uranov
and Serebryakova 1976).

THE IMPORTANCE OF LIFE HISTORY PATTERNS FOR
DETERMINING COENOPOPULATION COMPOSITION

As a basis for distinguishing the types of life history patterns of species the
three phytocoenotypes proposed by Ramenskii (1935, 1938) are useful.
These are violents, patients and explerents characterized in the following
way. Violents (Latin: violentum = tend to violence) develop vigorously,
occupy territory and retain it, and suppress their rivals by the energy of
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their vital activity and by their thoroughness in the utilization of the
environmental resources (high absorption capacity of the roots, heavily
shading foliage, etc). Patients (latin: patiens = endurance) succeed in the
struggle for existence not by virtue of vigorous vital activity and growth
but by their tolerance for extreme environmental conditions at all times or
temporarily. Explerents (latin: expleo = to fill up) have a low competitive
capacity but are able to invade vacant territory, quickly filling the gaps
between strong plants, although being as easily displaced by them. It is a
pity that the remarkable papers by Ramenskii and some other Soviet
phytocoenologists (including V.N. Sukachev and A.P. Shennikov) pub-
lished in Russian have remained unknown to plant ecologists outside the
USSR. Grime (1979) distinguished, as did Ramenskii, three main types of
plant ‘strategies’, but he named them not quite correctly. The ‘violents’ of
Ramenskii he named ‘competitors‘, but any species regardless of its ‘strat-
egy’ competes in a plant community with other plants and is thus a
competitor. Instead of ‘explerents’ Grime used the term ‘ruderals’, but in
botany for a long time this term has been used for so-called ‘plants of
waste places’.

Among the main types of life-history pattern distinguished by
Ramenskii and Grime there are transitions. This question was discussed
by Ramenskii (1938) but it has been considered especially thoroughly by
Grime (1978). Furthermore, violents in unfavourable environmental con-
ditions tend to become patients. The ability to be patient (‘patiency’), that
is, for individuals to persist for a long time in juvenile, immature or mature
virginile age-states, is inherent in virginile individuals of many typical
violents. The transition of individuals into the secondary dormant state
can be considered as a manifestation of their ability to be patient. A
temporary existence in the patient state is typical of many explerents.
Consequently, patiency is a widespread phenomenon. The ability of plant
species to be violents, patients and explerents (constantly or temporarily)
are important coenotic properties which change according to the environ-
ment and age-state of individuals. This is of importance for the study of
coenopopulations.

One can understand explerents more widely than did Ramenskii and
distinguish among them seasonal, demutational and fluctuational types
which differ both in the composition and in the dynamics of their coeno-
populations.

Spring ephemeroids of broadleaved forests (for example Corydalis
solida) are seasonal explerents. They are characterised by an ability to
respond to a short term decrease of competition (especially for light) early
in spring. This is responsible for pronounced seasonal alterations in the
composition of their coenopopulations: in early spring coenopopulations
consist chiefly of individuals in an active state (virginile, generative) and
probably of some dormant individuals (seeds, tubers), while later in the
year there are only individuals in seasonal or long term dormant states.
According to observations in the forest of Quercus robur in the reserve
“Les on the Vorskla”, coenopopulations of Corydalis solida consist chiefly
of virginile individuals. The following is a typical age-state spectrum:
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seedlings 88, juveniles 99, generatives 61 — in total 248/m* (Goryshina
1969). Maximal development of aboveground organs occurs at the end of
April and beginning of May; by the middle of May a visible decrease of
aboveground/organs of Corydalis was observed and by 1-7 June they had
died completely (Neshataev et al. 1974).

Chamaenerion angustifolium (fireweed) is a typical demutational*
explerent. It dominates phytocoenoses of the first stage of secondary
succession, after forest destruction by fire or felling. In this period its
coenopopulations arise as a result of mass germination of seeds carried by
wind from other places. In the first 2--3 years after fire favourable con-
ditions (abundance of nutrients especially nitrogen, and an absence of
competition with other species) are created for establishment of seedlings
and their rapid transformation into mature individuals.

By rapid vegetative propagation a dense sward (200-300 shoots/m?),
chiefly of generative shoots, is formed within three or four years. In spite
of its enormous seed productivity (up to 10,000 seeds per shoot) reproduc-
tion by seeds under the parental cover is absent. Vegetative reproduction
slowly declines in an increasingly unfavorable environment and the stands
of fireweed slowly die out. Only some dormant underground organs are
preserved for a long time (Danilov 1938).

Species of Betula, which form groves on the sites of coniferous forests
after fire or felling, can also be considered as demutational explerents. In
a fully developed state they form coenopopulations exclusively of genera-
tive individuals, fruiting abundantly every year. The reserve of viable seeds
is annually renewed. This is of no importance however for the stability of
birch coenopopulations since there is no regeneration by seed under
mature trees. Prunus pensylvanica is a special type of demutational
explerent, since its coenopopulations in the natural forest consist for long
periods of dormant seeds only (a cryptic period of coenopopulation
existence). After destruction of the forest these dormant seeds germinate
and the coenopopulation passes into an active state consisting of genera-
tive, abundantly fruiting individuals. However coenopopulations of
Prunus pensylvanica exist in this state for a relatively short time, and
during this period a considerable reserve of dormant seeds is accumulated
in the soil (Marks 1974).

Some pyrophytes are also demutational explerents. They are charac-
terised by fast formation of all-component coenopopulations, as a result
of germination of dormant seeds after fire followed by quick degradation
of coenopopulations to the cryptic state. They are exemplified by many
species of Adenostoma fasciculatum chapparal (Haines 1971).

Thus, among demutational explerents there are both species with auton-
omous provision of their coenopopulations by seeds and species which
depend for initial formation of their populations on an immigrant supply
of seeds. The latter in their turn produce a great quantity of seeds for
establishment of their coenopopulations in new places.

*The term demutation was proposed by Vysotzkii (1915) for changes of disturbed vegeta-

tion in the direction of its initial state; it is widely used in Russian phytocoenological
publications.



129

Ranunculus repens is a typical fluctuational explerent. In years of mass
death of the principal meadow plants (as a result of temporary water-
logging) it spreads widely and becomes a dominant plant. Its dominance
lasts for a short period and as soon as the conditions become favourable
again for the other species its importance in the plant community suddenly
decreases. However during the period of its dominance a considerable
reserve of its viable seeds is accumulated in the soil. In undisturbed
meadow communities coenopopulations of Ranunculus repens consist of
dormant seeds and of few adult, chiefly vegetative, individuals. For exam-
ple in the central part of the flood valley of the Oka river near Dedinovo
(Moscow region), meadows with dominance of Alopecurus pratensis and
Phalaris arundinacea are found. As a result of long term spring flooding
in 1951-1953 mass death of both these species occurred, and Ranun-
culus repens became dominant. Its dominance lasted for three years
(1952-1954). Already in the second half of the growth season in 1954
favourable conditions for regrowth of grasses caused a rapid decline in the
participation of Ranunculus in the sward. Grasses again became domi-
nants: in 1956 participation of grasses had increased 3.6 times in com-
parison with 1953, whereas buttercup had decreased 100-fold. During the
period of buttercup dominance many of its seeds were incorporated in the
soil. Just after cutting of herbage in 1954 there were about 5000 seeds/m?
on the surface of the meadow (Rabotnov 1958, 1974).

As indicated above, the content of dormant seeds in coenopopulations
is of considerable importance for the stability of both demutational
(Prunus pensylvanica) and fluctuational (Ranunculus repens) explerents:
when phytocoenoses are disturbed conditions arise which are favourable
for germination of dormant seeds and development of seedlings into adult
individuals. Dormant seeds are of importance for many species of the
forest understory. They germinate en masse on felling sites and form
coenopopulations of numerous abundantly fruiting generative indi-
viduals. This is typical for species of the herbaceous stage of secondary
succession after forest destruction (Deschampsia caespitosa, Agrostis
tenuis and others). During the short period of their abundant participation
in phytocoenoses a considerable reserve of their seeds can be accumulated
in the soil. Then after formation of the tree layer the coenopopulations
of such species gradually degrade to the intitial state: they consist of
dormant seeds and some quasi-senile adult individuals. There are two
phases in the dynamics of such coenopopulations: a patient phase under
forest cover and an explerent phase after disturbance of the forest. Such
species can be considered as demutational explerents. Viable seeds are of
importance not only for recovery of vegetation after total disturbance but
also after small local ones (such as the activity of rodents). A considerable
quantity of stunted virginile (chiefly immature) individuals is typical of
coenopopulations of many violents and patients (but not of explerents),
including trees of climax forests (Picea, Quercus, etc.) and herbaceous
species of steppes and meadows. Immature individuals are able to turn
into mature ones as soon as appropriate ecological circumstances permit,
usually as a result of dying of neighbouring adult individuals. This type
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of life history pattern (which is also distinguished by Grime 1979) occurs
in phytocoenoses where gaps of different sizes often develop as a result of
a local disturbance (for example as a result of windfall in forests).

Individuals in the state of secondary dormancy are of importance only
for some species, chiefly those growing in sites of unstable water supply
(i.e., changing greatly from year to year or from one period to another).
In the years of deficient environmental resources (eg. water) mass tran-
sition of mature individuals from an active into dormant state occurs.
However as soon as environmental conditions become more favourable
these dormant individuals again turn into active ones. Such populations
are characterised by alternation of two phases: dominance of mature
individuals in an active state and prevalence of mature individuals in a
dormant state (with different content of dormant seeds). Such a life history
pattern often occurs among species growing in depressions of semiarid
regions, for example in the Baraba of West Siberia (Kurkin 1976). Among
species of this type are Alopecurus arundinaceus, Hordeum brevisubulatum,
Puccinellia dolicholepis, Eleocharis palustris, E. uniglumis, Scirpus mariti-
mus, Butomus umbellatus, etc. (Kurkin 1976, Rabotnov 1978a).

THE MAIN TYPES OF COENOPOPULATION DYNAMICS

In any coenopopulation death and transition from one age-state into
another occur among every age group of individuals. This process can be
traced by longterm observations of marked individuals on permanent
plots. Such observations reveal the heterogeneity of their age-state groups.
For example, in the meadow in the flood valley of the Oka river in 1950
all individuals of Ranunculus acris on a 10m? plot were marked: 178
juveniles, 122 immatures, 122 adult vegetative and 25 generative speci-
mens. The observations made during the next ten-year period (1951-1960)
showed that on the basis of the subsequent behaviour of individuals
during this period juveniles could be classified into 24 groups (Table 4),
immatures into 31 groups (Table 5), adult vegetative into 57 categories
(Rabotnov 1978c) and generative individuals into 17 groups (Rabotnov
1978c). Similar data were obtained from longterm observations of
Anemone fasciculata in a subalpine meadow (Table 6). Longterm observa-
tions of marked individuals can also give an idea of the different behaviour
in the past of individuals of the same age-state group in a contemporary
coenopopulation. For example, 22 adult individuals of Ranunculus acris
which were in a vegetative state in 1960 could be classified into 19 groups
based on their behaviour in the previous 10 years (Table 7).

In coenopopulations of some species considerable changes occur from
year to year in the distribution of individuals of different age-state groups,
including changes which depend on the alteration of their vitality state
with age (Watt 1947). Coenopopulations vary according with seasonal,
fluctuational and successional changes of phytocoenoses.
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Table 6. Changes of age-states of mature individuals of Anemone fasciculata in a subalpine
meadow during the period 1943-1947 (Rabotnov 1950b).

Years of observations Number of
individuals

1943 1944 1945 1946 1947
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g, generative state; v, vegetative state; j, secondary immature state; 0, dead.
Seasonal changes

Seasonal changes consist both of variations of the numbers of individuals
(by birth or death) and transitions of individuals from one age-state to
another. An especially significant variation occurs in the number of viable
seeds. There is a great quantity of them just after seeding of plants and
their number gradually or suddenly decreases, sometimes to the point of
total disappearance as a result of germination, destruction or loss of
viability.

Based on seasonal variations three types of coenopopulations can be
distinguished: coenopopulations of annual plants, coenopopulations of
perennial plants with a seasonally dormant state (e.g., spring ephem-
eroids), and coenopopulations of perennial plants without a seasonal
period of dormancy, charactised by a relative stability in number of
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mature individuals but by changes in the numbers of viable seeds, seed-
lings and juveniles.

Fluctuations

Fluctuations (alterations from year to year) are especially pronounced in
herbaceous phytocoenoses. There are three main types: oscillations, cyclic
fluctuations and digressive-demutational fluctuations.

Oscillations occur in connection with the changes of environmental
conditions which do not result in a disturbance of phytocoenoses, for
example the alternation of moist and dry years. This is responsible for
changes in the abundance of species to the extent of a change of domi-
nants. Consequently the composition of coenopopulations changes from
year to year in either direction from the average. Usually this is followed
by changes in the vitality state of mature individuals: by their more
luxuriant development (with abundant formation of generative shoots) in
favourable years and by decrease of vitality (including transition from
generative to vegetative state) in less favourable years for certain species.
At the same time the composition of the virginile group (especially seed-
lings and juveniles) changes. For example Shennikov (1930) described the
alternation of dominants from year to year on some types of meadows in
the flood valley of the Volga river near Ulyanovsk. In moist years the
dominant species was Alopecurus pratensis, in the dry ones Elytrigia repens
and Bromus intermis dominated. In the moist years 4lopecurus developed
many generative tillers while populations of Bromus and Elytrigia con-
sisted chiefly of vegetative ones. On the contrary in the dry years, popu-
lations of Bromus and Elytrigia were characterized by abundance of
generative tillers, but populations of Alopecurus by vegetative ones.

Cyclic changes of coenopopulations are typical of Trifolium pratense
and T. hybridum. The cycles consist of two periods: (1) the gradual
formation of a group of actively growing individuals by germination of
seeds buried in the soil — the population consists mainly of virginile
individuals together with a few specimens of weakly developed generative
ones; and (2) the mass transition of virginile individuals into luxuriantly
developed generative ones (‘clover year’), followed by their mass death in
the same or in the following year. The cycle is then repeated (Rabotnov
1961). The recurrence of cycles is caused by competition between clovers
and other components of phytocoenoses, chiefly grasses. It is probable
that the relationship of clovers with the clover nematode (Heterodera
trifolii) is of significance, since this species of nematode consumes clover
roots and may cause the death of plants (Krall and Ryisnere 1966).

The germination of seeds of some annuals occurs only when there is a
fair probability of the seedlings developing to reproductive maturity. This
adaptive property has evolved in many desert annuals. For several years
their coenopopulations may consist only of dormant seeds, which ger-
minate when the conditions are favourable for development of seedlings
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into mature individuals (Went 1948, 1949, Walter 1973). In such years
coenopopulations consist of actively growing individuals and the dormant
seed reserve is replenished. Analogous changes were observed in coeno-
populations of some annual legumes (Vicia hirstua, V. tetrasperma, V.
villosa) in steppe and steppe meadows. For long periods their coenopopu-
lations consist only of dormant seeds, which germinate in years of high
precipitation or as a result of flooding, when transition of populations
from cryptic into an active state and replenishment of seed reserves occur
(Smirnov 1958, Kurkin 1966).

Digressive-demutational fluctuations, following temporary disturb-
ances of phytocoenoses, are caused by significant deviations of meteor-
ological or hydrological conditions from the usual ones or by mass
reproduction of some animals. During the period of disturbance coeno-
populations of violents and patients undergo mass death of individuals
and a decrease in their vitality state and reproduction. In contrast, in
coenopopulations of explerents the number, vitality state and reproduc-
tive capacity of growing individuals increase considerably. During the
period of demutation phytocoenoses return to a state near to that of
the initial one, as changes in coenopopulations occur. An example of
digressive-demutational fluctuation has been described above for the
periodical changes between Alopecurus pratensis and Ranunculus repens in
the flood valley of the Oka river.

One may suggest that periodic disturbances of phytocoenoses may
result in a specific life cycle and special type of fluctuation of the coeno-
populations of some species. An illustrative example is the monocarpic
species Chaerophyllum prescottii. In its life cycle there are three stages: (1)
Growth of tap-rooted virginile individuals from seeds; they exist like this
for several years before the tap root dies and the caudex is transformed
into a spherical dormant organ; (2) persistence in a dormant state; (3) mass
transformation of dormant organs into luxuriantly developed and abun-
dantly seeding generative individuals. Usually this last stage is connected
with a disturbance of phytocoenoses which occurred in the past, evidently
in years of mass reproduction of burrowing rodents. The first two phases
can be rather prolonged, the third phase is short. Dormant seeds are
absent. Observations on the dry (but occasionally flooded) meadows in the
flood valley of the Oka river have confirmed this life history pattern of
Chaerophyllum prescottii. Viable seeds in soil were absent here. Oversow-
ing of its seeds on the surface of the meadow for two years was unsuccess-
ful in establishing plants. There were only negligible numbers of virginile
individuals and only in some years a single weakly-developed generative
individual appeared. There were, however, about one hundred dormant
individuals per m* which were transformed into luxuriantly developed
generative ones by disturbance of the meadow as a result of ploughing. It
is very probable that the life history pattern of Chaerophyllum prescottii
was coevolved with rodents (probably voles) in the steppe regions. Voles
in the years of their mass reproduction greatly disturbed steppe soil and
vegetation as a result of burrowing activity, creating a ‘fallow regime’, as
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Table 8. Changes of age-state spectra (%) of Filifolium sibiricum and Festuca lenensis as
influenced by grazing of increasing intensity (Gorshkova and Grineva 1977).

Age-state groups Stages of increasing grazing intensity
I I I1I v I II 111 v
Filifolium sibiricum Festuca lenensis
Seedlings 5.1 0.4
Juveniles 4.0 3.0 1.1 1.5 43
Immatures 5.5 4.5 6.5 11.9 10.7 39 43
Mature vegetative 75.1 828 919 8.6 753 534 468 654
Generative 10.3 9.3 0.5 - 9.7 427 489 346
Total number on tm? 727 558 519 429 465 515 470 405
Cover (%) 30 25 10 3 8 9 6 4

it was described by Lavrenko and Yunatov (1952) in the Mongolian
steppes. Dormant spherical organs of Chaerophyllum are not damaged, or
only weakly damaged, by the burrowing activity of voles, which in fact
creates very favourable conditions for their transformation into genera-
tive, abundantly-seeded individuals, and for establishment of seedlings
from these seeds (Rabotnov 1964).

Successional changes

Successional changes of coenopopulations (particularly those caused by
different forms of human activity) are widespread: they are a normal
expression of the dynamics of coenopopulations. Therefore there are no
grounds to consider such states of coenopopulations as populations of the
secondary type (Uranov and Smirnova 1969). They are stages of degrada-
tion or, in constrast, of further development of coenopopulations occur-
ring during successions.

Unfortunately there is very little quantitative information on the
successional changes of coenopopulations. Some data are given in Table 8
on the changes of coenopopulations of Filifolium sibiricum and Festuca
lenensis under increasing intensity of grazing in one type of Trans-
Baikalian steppe pasture. In coenopopulation of Filifolium sibiricum
increased grazing results in a decrease of cover, total number of indi-
viduals, and quantities of generative individuals and seedlings. The
average size of individuals is also decreased greatly, as is evident from the
greater decrease of cover than of total number of individuals. Festuca
lenensis is more tolerant to an increase of grazing intensity than Filifolium
sibiricum: the age-state spectrum of its coenopopulations changes less than
that of Filifolium.

In an experiment with different times of cutting of subalpine meadow
herbage during the period 1943-1947, the age-states of the mature indi-
viduals of Anemone fasciculata were changed differently, according to time
of cutting (Table 9). The earlier the time of cutting the more oppressive
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was its influence on the vitality state of Anemone. In 1947 at the early cut-
ting there were no individuals in the generative state and most individuals
developed leaves of immature type instead of mature ones (they were
accordingly in the secondarily immature age-state). There was a difference
in the reaction to time of cutting between individuals which were genera-
tive or vegetative in 1943: the vegetative individuals responded to earlier
cutting more adversely than generative ones. This is an indication of the
higher vitality state of generative individuals than of vegetative ones. As
a result of cutting at different times the age-state spectrum of the group of
mature individuals was greatly changed. The high percentage of dead
individuals in all variants of the experiment was related to the burrowing
activity of water voles, since 1943-1947 was a period of its mass reproduc-
tion.

Different changes occur as a result of the ‘catastrophic successions’
(Alexandrova 1964) which are especially widespread in forests after fires
or felling. Cuttings of climax forests involve destruction of adult trees.
Consequently in coenopopulations of climax tree species only virginile
suppressed individuals are preserved, since viable seeds are usually absent.
The new populations are formed either as a result of the development of
new individuals from seeds transported from outside (for example Picea
abies) or by sprouting from the remnant stool as in Quercus. In climax
forests in the boreal and temperate zones gaps appearing on the sites where
single adult trees die off are filled by rapid growth of virginile individuals
which are usually present in the understory in considerable quantities.

After destruction of tree layers the growth conditions for forest shrubs,
dwarfshrubs and herbaceous plants change. Some species respond to this
alteration positively, others negatively. As soon as the initial tree layer is
restored the composition of their coenopopulations usually returns to the
initial state (Korchagin 1954). Increasing importance of species after
cutting of forests can be attained by different pathways, including an
increase of the vigor of adult individuals without an increase in their
number. A positive response can be exemplified by Corylus avellana which
begins to grow luxuriantly when trees are removed. However, reproduc-
tion of hazel by seeds is absent as establishment of its seedlings is possible
only in the conditions of forest environment where the upper soil horizon
is only poorly penetrated by roots of herbaceous plants. Observations near
Moscow indicated that a stable coenopopulation of Corylus avellana with
adult individuals only is formed in open habitats with meadow-like vegeta-
tion between the shrubs. As soon as the tree layer is restored they can be
transformed into coenopopulations of normal type. Among forest herba-
ceous plants and dwarf shrubs the positive responses to destruction of the
tree layer result in increase of both the quantity of individuals and their
vigour. Increase of the number of individuals in the active state of species
which reproduce exclusively or chiefly by seeds depends on germination of
dormant seeds and sometimes on transformation of dormant under-
ground organs into active states (Deschampsia caespitosa, Carex spp.)
Moreover, the vitality state of many individuals, formerly suppressed in
the forest, rises and they acquire the ability to flower and fruit; from their
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seeds new growing individuals develop (e.g. Calamagrostis arundinacea).
As a result coenopopulations of normal type are formed.

A special type of coenopopulation dynamics is exemplified by a demuta-
tional explerent, Prunus pensylvanica. The following stages can be distin-
guished: (1) formation of a many-component coenopopulation as a result
of mass germination of dormant seeds after destruction of the forest; (2)
development of the most complete coenopopulation, together with accu-
mulation of a new reserve of dormant viable seed; (3) degradation of the
population after restoration of the forest, and its transformation into a
cryptic state consisting only of dormant seeds. Some species of explerents
of this group of demutational explerents, for example Rubus ideus, are
characterised by germination of dormant seeds both after complete
destruction of forests and in locally disturbed areas (sites of uprooted
trees, etc.). After destruction of forests favourable conditions arise for the
formation of populations of such demutational explerents as Chamae-
nerion angustifolium and Betula spp., from seeds transported from other
sites.

Some herbaceous forest species (Oxalis acetosella, Trientalis europea,
Maianthemum bifolia and others) respond negatively to the destruction of
the tree layer chiefly as a result of their inability to compete with the
species spreading in felling areas whose roots form a rather dense turf.
Both the number and the vitality of individuals in coenopopulations of
such species gradually or quickly decrease and they ‘disappear’ from
phytocoenoses, though in some cases they survive as cryptic populations
for long periods as dormant seeds and/or dormant underground organs.

The important parameter for characterisation of coenopopulations is
the number of individuals in an active state. There are populations both
with great and negligible numbers of individuals; the latter are not clearly
understood yet. Coenopopulations of nondominant species are likely to be
both normal and regressive. Depending on the fluctuations of phytoco-
enoses in some periods they can be transformed from normal to regressive
or vice versa from regressive to normal.

The dynamics of coenopopulations are, so far, imperfectly understood.
To date attention has been focused on the study of coenopopulations of
species with different life forms, but in future, more consideration should
be given to the study of coenopopulations of species of different coenotic
importance.
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POPULATION BIOLOGY OF STEPPE PLANTS

L.I. VORONTZOVA and L.B. ZAUGOLNOVA

ABSTRACT

Five types of life history are distinguished among herbaceous species
growing in steppe grasslands in Kazakhstan: they include tussock plants,
tap-rooted plants of various kinds and long-rhizome herbs. They vary in
the structure and dynamics of their coenopopulations and in the extent to
which they are maintained in coenoses by seed or by vegetative growth. An
understanding of the morphology and ontogenetic development of plants
in natural coenoses is an indispensible prerequisite for describing their
coenopopulation characteristics. These in turn reveal how plant com-
munities are organised as dynamic systems.

INTRODUCTION

The existence of multispecies communities is possible because the species
of the community are ecologically and biologically unique (Ramenskii
1925, Golubev 1959, 1970). The demographic characteristics of species
ensure the segregation of their ecological attributes in time and space
(Harper 1977, Grubb 1977), so that individual plants use the environment-
al resources in a complementary fashion (Ramenskii 1925). Although the
totality of life history characters of populations is unique in each species,
a considerable similarity and overlap of several features among different
species cannot be ruled out. Such differences and similarities allow us to
differentiate several types of life history attributes (see review by Harper
1977). These are commonly based on the reproductive biology of species
and on the division of resources between reproductive and vegetative
organs. Ramenskii (1938) seems to have been the first to initiate a func-
tional typology of plant behaviour and to specify three phytocoenotypes
known as ‘patients’, ‘violents’ and ‘explerents’. The contemporary con-
cepts of types of plant ‘strategy’ (Grime 1978), correspond on the whole
to Ramenskii’s ideas.

Studies of coenopopulations of perennial herbs in different coenoses
(Smirnova et al. 1976, Uranov et al. 1977) and the review of literature by

White, J. (ed.), The Population Structure of Vegetation.
© 1985, Dr W. Junk Publishers, Dordrecht. ISBN 978-94-010-8927-2
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Harper (1977) seem to suggest that a behavioural typology of perennial
herbs is possible. The main characters used for differentiation of various
types must be relevant to and decisive for the continued existence of a
species in a coenosis and help to identify and determine its role in the
community. In our opinion, such characters are: 1. The life-form and the
course of plant ontogenesis; 2. The manner of species self-maintenance in
a coenosis, that is, the relationship between the type of vegetative propaga-
tion and the frequency of seed reproduction; 3. Duration of ontogenesis;
4. Intensity of plant mortality during ontogeny.

In this paper we confine our attention to steppe plants and according to
the characteristics listed above, we differentiate the following types of life
history in these plants: (I) tussock plants, (II) tap-rooted perennial plants
with seed self-maintenance, (I11) tap-rooted perennial plants with ‘mixed’
self-maintenance, (IV) tap-rooted plants with a short duration of onto-
geny, (V) long-rhizome herbs.

STEPPE GRASSLANDS
The steppe environment

Our material was collected in Naurzum Preserve (North Kazakhstan),
located in the subzone of dry steppes. The dry steppes (‘tussock-grass-
lands’ of Lavrenko 1954) stretch in latitude from the Black Sea to the
Baikal Region. They are confined to southern chernozems and chestnut
soils with a very deep underground water table. The dry steppe region is
characterized by a continental climate with hot dry summer and cold
winter. The average annual rainfall is 260-300 mm. Although maximum
precipitation falls in summer, air humidity and soil moisture content
decrease significantly in this period because of higher temperature and
evaporation. The dry period falls between June and September, but in
some years it is less pronounced. The arid climate is the basic factor
determining plant characteristics in this zone. In spite of the considerable
geographical extent and ecological heterogeneity of dry steppes they have
a number of common characteristics: predominance of tussock grasses of
the genera Stipa, Festuca, Koeleria, Agropyron (Lavrenko 1940); low
floristic diversity of communities; discontinuous overground plant cover;
atmospheric water supply; lack of forests.

In Naurzum Preserve the investigations were conducted on sandy soils.
These psammophyte variants of zonal steppes are reported in different
regions of North Kazakhstan (Karamysheva and Rachkovskaya 1973).

Vegetation

Stipa pennata, Festuca beckeri and in places F. valesiaca (subsp. sulcata)
provide the predominant cover; Koeleria glauca, K. macrantha, Phleum
phleoides occur continuously but in low abundance. Of the various peren-
nial herbs, Potentilla cinerea, Centaurea sibirica, Artemisia campestris,
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Onosma simplicissimum occur most continuously. Annual plants are
limited to Bassia sedoides, Coryspermum hyssopifolium, Polygonum ar-
enarium. The number of species reaches 4044 per 100m” The total
projective cover varies from 50% to 80%. The plants were studied in one
particular phytocoenosis; all individuals of each species in that phytoco-
enosis were collectively regarded as a ‘coenopopulation’.

AGE-STATE ANALYSIS OF COENOPOPULATIONS

Numbers and age structure are the most essential coenopopulation para-

meters. The investigation of age structure in perennial herbs is rather

difficult since the calendar age can be determined in only few cases. In our
studies we used the concept of age-states developed by T.A. Rabotov and
other Soviet botanists. Age-states are the successive stages of ontogeny of

a genetic individual (see Gatsuk et al. 1980 for a review). The individual

plant is characterized by morphological integrity and it may be of seed or

vegetative origin. A vegetatively derived individual is given the name

‘particule’. On the basis of morphological characters the following age

states and corresponding groups of individuals are differentiated (with

their standardised abbreviation): seeds (se); seedlings (pl); juvenile (j);

immature (im); virginile (v); reproductive, young (g, ), mature (g,), and old

(g;); subsenile (ss) and senile (s). Investigations of age-state structure must

be based on a clear understanding of plant morphology, to enable one to

recognize the individual unit and the changes during its ontogeny.

The following four systems of ‘calculation units’ are used for enumer-
ing of plants in coenopopulation studies (with the age-state categories in
brackets), illustrated in Fig. 1.

I Individuals of seed origin during the whole ontogeny;

IT Individuals derived from seeds (j-g,), compact clones (g,, g5, SS) or
single particules (s). Since a single particule may be considered as a
residue of a formerly existing clone, this second system of calculation
units corresponds to the enumeration of genets in Harper’s (1977)
sense;

IIT Individuals of seed origin (j-g,), clones (g,), particules within the
clones (g, ss, s) or single particules (s).

IV ‘Partial tufts’ or shoots within one or different individuals. A partial
tuft (Serebryakov 1962) is a cluster of shoots with its own roots,
connected with the same tuft by long rhizomes. Particules and partial
tufts and shoots seem to correspond to ramets (Harper 1977).

The different types of calculation units reflect the various degrees of
shoot concentration in plants of different life-forms. The autonomy of
shoots and the morphological integrity of the plant as a whole change
during ontogeny. The shoots may all be concentrated in one place, or they
may be dispersed in several clusters linked to one another. The centre of
shoot concentration is regarded as the source of a plant’s phytocoenotic
influence. As a consequence two types of calculation unit are distinguished
by us, a morphological unit and a phytocoenotic unit. The former corre-
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Fig. 1. Calculation systems used in studies of plant coenopopulations. Two types of units are
distinguished, phytocoenotic (1) and morphological (2) (see text). I: Both types are coinci-
dent during the entire ontogeny and are of seed origin ( genets). II and III: The units are
distinct at later stages of ontogeny; morphological units may remain closely united to give
a single phytocoenotic unit (II) or may fragment to give separate particules, each of which
becomes an independent phytocoenotic unit (IIT). IV: A morphological unit, while retaining
physical integrity may behave as multiple phytocoenotic units, each consisting of a partial
tuft (3) or shoot (4).

sponds to the individual as a morphological and physical entity, the latter
to the centre of shoot and root concentration. The correlation between
the two units is different for various life forms and is determined by careful
mapping and excavation of plants in natural phytocoenoses (Fig. 1).

System I is used for tap-rooted perennials, systems II and III for tussock
grasses and species with short-rhizomes and system IV for species with
long-rhizomes and those with root suckers.

The total plant number (in terms of calculation units) and the percent-
age of calculation units of different age-state groups (age spectra accord-
ing to Uranov 1967) are determined usually on small plots (0.25-1 m?)
placed by a random-regular method (Vasilevich 1969) within a uniform
area of a phytocoenosis. In our studies the number of such plots ranged
from 20 to 160 for each species. Most observations were carried out at
permanent transects (0.5 x 10m?) where the positions of plants were
mapped annually, once a season in June.
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The seed and fruit numbers of all flowering individuals were estimated
on permanent 1 x 10m? transects. The number of seedlings was deter-
mined not less than twice a season on either permanent or nonpermanent
plots, forming a 0.2 x 10 m? transect. Seedlings are usually not recorded
in the estimations of age-state spectra because of their ephemeral exist-
ence: a great number of seedlings die off in the first months of life, and
those that survive pass on to the next age-state.

TYPE I — TUSSOCK PLANTS

The life history features discussed in this section are typical of:

(a) firm and loose tussock grasses, for example, Stipa lessingiana, S.
sareptana, S. pennata, S. rubens, S. capillata, Festuca valesiaca, subsp.
sulcata, F. beckeri, Cleistogenes squarrosa, Koeleria macrantha, K.
glauca, Phleum phleoides, and

(b) herbs with short-rhizomes, for example, Potentialla cinerea,
Centaurea sibirica, Arenaria procera.

The species of Stipa and Festuca are usually the dominants of steppe
communities. The rest of the grasses are, as a rule, in a subordinate
position although they may become dominants in some geographical and
ecological steppe types: for example, there are steppes with predominance
of Cleistogenes squarrosa in the Transbaikal Region and in Mongolia. In
the arid steppes herbs with short-rhizomes are, as a rule, only moderately
abundant, but are permanently present in the community.

Self-maintenance of coenopopulations of these species is by seed. At a
certain stage of ontogeny the seedling transforms itself to a clone by
vegetative propagation. An adult individual of seed origin is a more or less
compact shoot system with regeneration buds at the base of shoots, and
each shoot has its own root system. The death of shoots in the centre of
the individual fragments it into particules. However, the particules are not
rejuvenated after separation, as a rule, and ageing processes result in their
death. This vegetative growth cannot provide prolonged existence of the
species in a given habitat in the absence of regeneration by seeds, although
the longevity of seed-derived individuals and of clones in these species may
be considerable, from 30 to 80 years. More detailed life-history charac-
teristics are given separately for the two groups of species.

Firm-tussock grasses
Seeds and seedlings

Steppe tussock grasses are characterised by seed regeneration whose effi-
ciency depends on (a) potential and actual seed productivity, (b) seed
germination capacity, (¢} seed bank in the soil and (d) survival of seedlings
and juvenile plants. ‘Potential seed productivity’ is defined as the number
of ovules formed per plant; ‘potential seed yield’ is the number of ovules
per 1 m?. ‘Actual seed productivity’ is defined as the number of healthy
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see(zs per plant; ‘actual seed yield’ is the number of healthy seeds per
Im*.

The limits of potential seed productivity are genetically fixed, and
specific for each species and habitat. In sandy steppes the value is 10-30
ovules per plant in Stipa pennata, 60-120 in Festuca beckeri, 180-200 in
Koeleria macrantha. The number of healthy (intact) seeds formed depends
on pollination conditions and the degree of ovary damage caused by
phytophagous insects. Firm-tussock grasses are all wind-pollinated. For
many species of Stipa and Festuca different rates of cleistogamy have been
reported: it is unevenly pronounced in different species and varies within
one species in different years (Ponomarev and Zvorygina 1949, Solntseva
1968). Cleistogamy increases under poor flowering conditions (excessive
rain or drought for example). Many species of Stipa are characterised by
rapid ripening of seeds in pollinated flowers and by non-simultaneous
ripening in different parts of the inflorescence, which prolongs flowering
and seed ripening (Solntseva 1968). These seed development characteris-
tics may be considered as adaptations to the rather changeable spring
conditions in the subzone of dry steppes.

The development of phytophagous insects and parasitic fungi in the
reproductive parts of steppe grases is a typical phenomenon. The repro-
ductive shoots of Stipa pennata are damaged by rust fungi; the ovaries are
eaten by gallfly larvae, tripsids and aphids. Tripsids are significant pests in
Festuca beckeri and Koeleria species. Inflorescence predation and poor
pollination may result in extremely poor actual seed yield, from 4 to 60%
of the potential level; this varies considerably from year to year (Table 1).
~ The seed yield depends not only on the level of potential seed produc-
tivity but also on the number of flowering plants in the coenopopulation
and the number of reproductive shoots on each flowering individual; the
fluctuations of these parameters will be mentioned later. In Stipa pennata
coenopopulations a rather high actual seed yield is developed, in spite of
the relatively low potential seed productivity (Table 1). In this species the
percentage of healthy seeds was highest compared to other grass species.
It seems to be one of the reasons ensuring the predominant role of Stipa
pennata. The subordinated position of Koeleria macrantha in the com-
munity investigated is primarily related to the fact that an insignificant
number of healthy seeds is formed on the plant (Table 1), although the
species showed high levels of potential seed productivity. The potential
seed productivity of steppe grasses is, as a rule, stable, while the actual
productivity changes considerably according to the phytocoenotic con-
ditions and regime of economic activcities (Osychnyuk and Shupranov
1978).

Caryopsis dispersion of most steppe grasses (Festuca, Koeleria, Agro-
pyron) is by barochory (Levina 1956). In Stipa the seeds are wind dis-
persed, but even with strong wind they are not usually carried further than
3-4 (rarely 11) m (Ponomarev and Zvorygina 1949). The fate of the fallen
fruits is different: some caryopses are retained in the litter and a great
number of them are eaten by rodents or damaged by phytophagous
insects. Less than 3% of Stipa caryopses falling on the ground are
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Table 2. Seed bank of some grasses in the soil of Central Kazakhstan steppes in vegetation
of Stipa lessingiana + Festuca valesiaca + Artemisia gracilescens (Borissova and Popova
1972).

Species Year Seed stock (no. m~2) in soil layers

0-2cm 2-4cm 4-6cm 6-8cm 8-10cm

Stipa lessingiana 1960 140 80 0 0 0

1961 50 19 14 0 0
Festuca valesiaca 1960 300 100 80 80 0
subsp. sulcata 1961 1133 128 50 43 11

transformed into viable seedlings (Ponomarev and Zvorygina 1949).
Evidently at this stage of ontogeny the death rate is the highest. Stipa
caryopses become submerged in the soil to a depth of 24 cm owing to its
‘screwing-in” mechanism. In Festuca and Koeleria the caryopses germinate
directly on the soil suface: this factor increases the risk of death in
seedlings of these species in the first stages of development and determines
the subsequent tussock position. The seeds of many species of Stipa are
characterised by inherent dormancy of different duration: some may
germinate after nine or even 16-17 years dormancy in laboratory con-
ditions (Bespalova and Borissova 1979). The germination capacity and the
onset of germination in caryopses change according to the time of ripen-
ing, depending on the meteorological conditions in the year of fruit
ripening (Bespalova and Borissova 1979). Because of the long retention of
viability a seed bank can be developed in the soil. In grasses growing in
communities on loamy soils the seed bank is rather large and can vary
significantly from year to year (Table 2). Of the total seed number found
in soil, the live caryopses of Stipa lessingiana and Festuca valesiaca
represented 7% and 58% respectively (Borisova and Popova 1971).
According to our observations, there is practically no seed reserve of most
species in sandy steppe soil. The seeds of the current or previous year are
the basic source of regeneration. In some years seedlings appear only on
account of the seed reserves in the loamy soil of the steppes.

Steppe plant seedlings appear rather sporadically (not annually) accord-
ing to moisture conditions. The seeds of most grass species germinate both
in spring and autumn, but Stipa only in spring. Seedling number reaches
6-8 per 1 m? in sandy steppes. If the seedlings appear in spring most of
them (50-84%) die in the course of the summer. Thus even in the domi-
nant grasses the number of juvenile plants is rather low (2-6 per 1 m?).

Age-state ontogeny

Ontogenetic development and morphological changes of individuals
reflect the plant’s life form. Ontogeny is rather similar in different species
of firm-tussock grasses (Fig. 2, see also Gatsuk et al. 1980). The uniaxial
juvenile plant passes into the virginile state, as a result of shoot tillering
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Fig. 2. Age-states in firm-tussock grasses (for example Festuca beckeri from Mikhailova
(1977)). 1, schematic diagram of tussock ontogeny; II, horizontal tussock projection. 1,
vegetative first year shoot with leaves; 2, vegetative perennial shoot; 3, dead shoot, 4,
reproductive shoot; 5, dead part of a tussock; 6, soil level; 7, boundary of an individual of
seed origin or of the clone (genet); 8, boundary of the particules, the individuals of vegetative
origin (ramets).

and forms a tussock. Then it begins to flower (g,). Shoot tillering becomes
more intensive, the tussock increases, but simultaneously dead shoots
accumulate (g,). The tussock divides into particules which together com-
pose a clone. The ageing processes in shoot and root systems are intensi-
fied, the frequency of shoot formation is reduced, the number of live
shoots declines (g;, ss). Tussock ageing results in a reduction of live shoot
number to 2-3, and eventually only one particule remains from the clone
(s).

The difference in ontogeny between the species of dense-tussock grasses
is due primarily to the different durations of each age-state: these can be
established approximately by using the methods of calendar age deter-
mination (Persikova 1959, Bedanokova et al. 1975). Life-span varies
under different conditions (Table 3), increasing usually in unfavourable
conditions. In some species (Koeleria glauca, K. macrantha) the longevity
of clones in Naurzum Preserve may reach 100 years. In firm tussock
grasses the old age period (g; + ss + s) is the longest. In many natural
communities the age-state structure of coenopopulations is determined by
this peculiarity. There are cases, however, when the old age period is
greatly reduced, and the senile state is less evident, as reported for
Stipa lessingiana and Festuca valesiaca in Central Kazakhstan steppes
(Borissova and Popova 1971). The pre-reproductive period is usually
extended in grasses of natural communities. It is significantly reduced in
culture, where Stipa species for example flower in the second year of life
(Ivashin and Chuprina 1976).

Firm-tussock grasses are generally characterised by a considerable life-
span which can be considered as an adaptive character. In subarid and
arid conditions this guarantees a stable species position even with rela-
tively low actual seed productivity. In many species the tussock constitutes
a clone in the mature state and with ageing the particules becomes more
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and more isolated. However, little rejuvenation occurs, the particules age
and die off. Such vegetative propagation cannot ensure prolonged exis-
tence of the coenopopulation in the absence of reproduction of seeds.

Survival of age-states

The individuals of different age-states are characterised by uneven rates of
annual survival which increase in the first part of ontogeny and reach
100% in the mature state. This mature period is associated with active
shoot formation in the tussock and growth of the root system which may
reach depths of 100-150 cm and diameters of 60-80 (up to 100) cm in
Stipa pennata and Festuca valesiaca. The plants become weaker when they
reach the senile state, a considerable number of shoots and roots die off
and the survival rate is consequently reduced.

To characterise the death of coenopopulations of different steppe grass
species depletion curves (Harper 1977) were drawn. They correspond to
the negative exponential (Fig. 3A), indicating a relatively constant death
rate; even an abrupt fluctuation of conditions (such as a drought in 1975)
did not affect the depletion rate of plants. The half-life period was 20.5
years in Stipa pennata and 13.7 years in Festuca beckeri. In steppe firm-
tussock grasses the decay of the coenopopulation is, as a rule, rather slow;
this is due both to the stability of individuals and to the considerable
duration of age-state ontogeny. Using the data on the death rate of plants
of different age-states in Stipa pennata coenopopulations (se = 90-97%j;
pl = 84,j = 66,im = 40, v—g, = 0, g; = 26, ss = 76, s = 73, on the
basis of genet number) we attempted to plot a survival curve for one
generation of seedlings (pl = 100) (Fig. 3B). Biological rather than
chronological time (that is, using age-states) is plotted on the horizontal
axis. As might be expected, the curve shape approximates type III of
Deevey (Harper 1977). This however is not necessarily contradictory to
the exponential type of depletion (Fig. 3A) curves. Survival seems to
correspond frequently to the exponential within different age-stages
during ontogeny, whereas the total survivorship curve may be represented
as a combination of a few such curves, with different inclination angles,
each of them corresponding to a certain age-stage. Sarukhan (1978)
reached a similar conclusion.

The number of plants in coenopopulations of tussock grass species does
not change greatly in time (Fig. 3C). The stability is related to scanty seed
reproduction, adult plant stability and considerable life span of particules
and whole clones.

Reproduction

In coenopopulationis of tussock grasses inflorescences are not formed by
all individuals having reproductive capacity. Intermittent flowering,
reported for many plant species (Rabotnov 1978) is rather typical of the
dense-tussock steppe grasses. The intervals are particularly long in old
plants: some individuals form 1 or 2 generative shoots only once in 7 or
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Fig. 3. Survival and dynamics of grass coenopopulations.

A. Depletion curves for coenopopulations: 1, Stipa pennata; 2, Festuca beckeri; 3, Koeleria
glauca, 4, Stipa capillata; S, Koeleria macrantha. The numbers of individuals on a
10 x 0.5m? transect from the population of {970 are shown on the ordinate.

B. Calculated survival curve of Stipa pennata individuals during ontogeny; age-states are
indicated on the abscissa and the number of surviving individuals on the ordinate.

C. Dynamics of plant numbers (system II calculation units) for 10 years on a 10 x 0.5m>
transect: 1, Stipa pennata; 2, Festuca beckeri; 3, Koeleria glauca; 4, Stipa capillata; S, Koeleria
macrantha. The number of calculation units is shown on the ordinate.

8 years. The rise and fall of reproductive activity in different grass species
may not coincide; for example, Stipa pennata and Festuca beckeri have
different periods of inflorescence initiation and development. The par-
ticules of some grass species (Festuca beckerii, Koeleria macrantha, XK.
glauca, Phleum phleoides) retain the ability to flower almost until they die
and can be observed in particules with 1-2 vegetative shoots. While the
efficiency of such flowering is very low, there is still the possibility of seed
formation. Furthermore, the presence of temporarily sterile individuals
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Fig. 4. Age-state spectra of coenopopulations of some grasses in sandy steppes on a preserve
area (data of 1972). (a) Stipa pennata. The proportion of each age-state group in a coeno-
population (%) is shown on the ordinate: 1, % of total genet number; 2, % of the total
number of individuals of seed and of vegetative origin (genets + ramets); 3, % of clones
within genets. (b) Stipa capillata (1), Festuca beckeri (2), Cleistogenes squarrosa (3); (c)
Koeleria glauca (1), Koeleria macrantha (2), Phleum phleoides (3). The proportions of each
age-state group as a % of total genet number is shown for (b) and (c).

in a coenopopulation pre-empts space from occupation by other indi-
viduals and results in the maintenance of genetic diversity in the coenopo-
pulation.

Age-state spectra

The age-state spectra of coenopopulations in many firm-tussock grasses
growing in a particular community are rather similar (Fig. 4): the absolute
maximum in the spectrum occurs in'g; + ss specimens, and the minimum
in those of g,. Some years are characterised by local maxima in the group
of young individuals. If system III calculation units are used (that is,
including particules within clones) the predominance of old plants proves
to be still more notable (Fig. 4a).

A review of age-state spectra (Fig. 5) of some firm-tussock grass species
in different communities suggests that in some habitats a species is charac-
terised by a particular relationship between plants of different age-states
in the stable part of the population (g, + g, + g3 + ss + s). Festuca
valesiaca is, as a rule, characterised by total predominance of young
individuals (j + v + g,) over the old ones (g; + ss + s) or their more or
less equal relationship. In Stipa lessingiana two types of spectra are distin-
guished — with maxima on g, in the stable part (Fig. 5BI) or on old
individuals (Fig. 5BII). It should be noted that the maximum on old
individuals of Festuca valesiaca subsp. sulcata and Stipa lessingiana is
typical of non-grazed localities while the maximum on g, — g, is usually
observed on continuously grazed plots. In Stipa pennata, the age-state
spectrum in most of the habitats investigated is characterised by a pre-
dominance of old plants (Fig. 5C); the northern steppe (Kursk Region) is
characterised by the predominance of reproductive plants (g,) among
the old ones and higher participatation of mature plants (g,); in the
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Fig. 5. The age-state spectra of coenopopulations of some firm tussock grasses. The propor-
tions of various age-state groups in coenopopulations are shown on the ordinate. 1, j; 2, im;
3,v;4, 85,86, 835 7,58; 8, s.

(A) Festuca valesiaca subsp. sulcata growing in (I) steppes of Central Kazakhstan (Borissova
and Popova 1972), (II) semidesert of North Caspian area under low and moderate grazing
(Vorontzova and Zhukova 1976), (I11) arid steppes of Inland Tian-Shan (Kozhevnikova and
Trulevich 1977) and microsinks in the semidesert of North Caspian area (Vorontzova and
Zhukova 1976), (IV) arid steppes of Naurzum Preserve without grazing.

(B) Stipa lessingiana growing in (I) arid steppes of Central Kazakhstan (Borissova and
Popova 1972), (II) arid steppes of Naurzum Preserve without grazing.

(C) Stipa pennata growing in (I) sandy steppes of Naurzum Preserve, (II) northern steppes
of the European part of the USSR. Each symbol on the vertical lines corresponds to a
particular coenopopulation.

sandy steppes (Kustanai Region) subsenile plants (ss) are predominant
(Fig. 5CI).

The following indices were used to characterise the dynamic processes
in grass coenopopulations (Table 4). (On permanent grass plots system TII
calculation units were used.)
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1. Death rate of plants, determined as f.100/N,, where fis the number of
plants dying in the period between two successive observations and N,
is the plant number at the first of the two observations.

2. The rate of coenopopulation growth (In N, — In N,)/(¢, — t,), where
N, is the number of plants during the second of two successive
observations,

3. The rate of ontogenetic change ¢.100/N,, where ¢ is the number of
plants that changed their age-state between ¢, and ¢,.

4. Coenopopulation age-state index A (Uranov 1975), which estimates

the coenopopulation age-state level on the basis of age-state group

relationship: A = X k;m;/% k;, where k; is the number in each age-
state group and m; is the age ‘value’ of one individual of the corres-
ponding group. The values of m; are calculated on the basis of
the logistic curve and expressed as follows: j = 0.018; im =

0.047; v = 0.119; g, = 0.270, g, = 0.500, g; = 0.731; ss = 0.880;

s = 0.953. This index A changes from 0 to 1 and increases with

coenopopulation ageing; A for two successive time intervals is shown

as a fraction in Table 4. The theoretical basis of this calculation is

discussed by Uranov (1975).

The number of juvenile individuals of the first year of life.

The number of particules arising from previously existing plants, that

is, the number of individuals that appeared vegetatively.

Sw

The dynamic processes in coenopopulations of dense-tussock grasses
can be characterised as follows (Table 4):

1. The death rate of seed individuals and particules varied from year to
year. The maximum indices do not always coincide with the most
unfavourable years: for example, after the drought in 1975-1976 the
death rate of Festuca beckeri was no higher than in the previous years.

2. The death rate increased during the middle of the observation period
and fell again by the end of it.

3. The differences between such indices as the death rate of the initial
coenopopulation (or depletion rate) and the death rate of the whole
coenopopulation are related to the fact that in the second index the
death of all newly formed individuals is taken into account, which
causes fluctuations of this index from year to year.

4. The rate of coenopopulation growth was low; coenopopulation
numbers increased mostly on account of particule formation. If seed
recruitment to the coenopopulation is considered alone, the growth
rate becomes negative.

5. The ontogenetic development was uneven. Considerable changes in

age-state composition occurred in the years after drought

(1976-1977), when the plants were subjected to intensive ageing,

resulting from the death of a great number of shoots in tussocks.

The recruitment of seed progeny was uneven.

The coenopopulations of Festuca beckeri revealed a somewhat higher

death rate than those of Stipa pennata.

8. The rate of coenopopulation growth (assessed by number of genets)

~o
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Fig. 6. Changes of some age-state spectra of coenopopulations of Stipa pennata (A) and
Festuca beckeri (B). The proportions of age-state groups (% of the total number of
individuals) are shown on the ordinate.

was higher in Stipa pennata than in Festuca beckeri; this reflects the
more plentiful regeneration in Stipa.

9. The ontogenetic changes are more variable and evident in Festuca
beckeri than in Stipa pennata.

The basic processes occurring in the course of time in the coenopopula-
tion (the appearance of new individuals, their ontogenetic development,
and the death rate which is specific for different age-state groups) deter-
mine the dynamics of coenopopulation age spectra. Although the main
characteristics of the spectra during eight years of observations were
retained in the grasses, some changes in age-state group relationships did
occur (Fig. 6). The share of j and im became reduced to zero in Festuca
beckeri. The relationships in the young part of the coenopopulation
underwent wave-like changes caused by death and ontogenetic develop-
ment of individuals. The share of ss individuals and s age-states increased,
particularly after the drought of 1975. The consequences of drought were
manifested in a reduced number of vegetative and reproductive shoots in
1975, by increased formation of particules and by particule ageing. Thus,
the changes in age-state spectrum are related to the population charac-
teristics of species and the effect of the environmental variations through
time. In 1979 many seedlings (22) and juvenile individuals (17) of Stipa
pennata were recorded on the transect, suggesting that grass coenopopula-
tions are replenished periodically by small portions of new seed
individuals, roughly after 9-10 years.

In coenopopulations of the grasses investigated the permanent indi-
viduals (that is, those retained during the whole observation period) make
up not less than 50 percent of all recorded individuals: the flow of deaths
and regenerations is stabilised by the permanent part of the coenopopula-
tion. We tried to estimate these relationships quantitatively using a para-
meter which we call ‘balance lability’, calculated as 1 — (N’/N), where N’
is the number of plants permanently retained during the whole
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observation period and N is total number of recorded plants (using system
IIT calculation units). The index can be used to estimate the degree of
population flux. The higher the balance lability, the more dynamic the
coenopopulation. In steppe grasses the index is equal to about 0.53.

Phytomass and phenology

While the numbers and age-state composition of grass coenopopulations
are characterised by relative stability, the phytomass is a more dynamic
index and can change annually (Gordeyeva 1976). This is due primarily to
changes in the degree of shoot formation in tussock grasses. From our
observations some particules do not form shoots at all in dry years, that
is, they are in a state of secondary dormancy. This characteristic is par-
ticularly abruptly manifested in grasses under very adverse conditions for
growth, where the period of dormancy may last up to 3 years (Steshenko
1976, Borissova et al. 1976).

One of the essential aspects of the population biology of a species is its
development rhythm throughout the year, or phenology. Most species of
steppe grasses form a rather integral group with regard to the rhythm of
seasonal development. The leaves start growing in April-May, reach
maximum development in mid-June, while at the end of June-July the leaf
tips begin to dry. In years of drought leaves start to dry earlier and more
rapidly; even in less extreme years up to 80% of total leaf area may dry
out by the end of the summer. The grasses can survive the warmest and
driest period of the summer in a state of temporary dormancy. New leaves
appear in autumn and remain green under snow. The reproductive shoots
of Stipa pennata are initiated in autumn, those of other species are estab-
blished in spring prior to flowering (Festuca, Koeleria and others). The
species of Stipa usually flower in the middle and at the end of May, those
of Festuca and Koeleria at the beginning of June. In some species (Stipa
capillata, Cleistogenes squarrosa) flowering is delayed until mid-summer.

Physiological characteristics

The considerable similarity of the population biology of steppe grasses is
based on their common ecological characteristics. The narrow-leaved
steppe grasses were classified by Kolpikov (1960) in an ecological group
which he named ‘stipaxerophytes’. Their ecological and physiological
characteristics explain to a considerable extent the stability of steppe
grasses in arid conditions. These species are characterised by a high
threshold of protoplasm coagulation (55-63°C); low water content (down
to 38% of plant fresh weight, Grigoryev and Razumova 1974) 79% of
which is bound water (Zhuravleva 1977), retained after water extraction
by a 30% glucose solution; high protoplasm viscosity and relatively
high (maximum up to 3540 atm) osmotic pressure (Sveshnikova and
Bobrovskaya 1973); the latter determines the considerable root suction in
steppe grasses. The stipaxerophytes have relatively low {ranspiration rates
(usuvally less than 1-5g.g~'hr™') particularly in the drought period
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(Gorshkova and Kopytova 1977), enabling them to resist dehydration.
Because of their low content of free water the stipaxerophytes have a
relatively low photosynthetic rate (Spivak 1977). The rate and regulation
mechanisms of water balance determine the distribution of grasses in
nature and their role in coenoses (Sveshnikova 1979). Stipa sareptana
dominates in the most xeromorphic conditions of desert steppes. Its water
balance is regulated by variations of water regime indices (transpiration
rate, water content in leaves, osmotic pressure), by the rhythm of stomatal
functioning and by rolling and unrolling of leaf blades. Stipa rubens and
S. pennata are characterised by higher transpiration rates, lower vari-
ability of water regime indices, and by absence of leaf rolling: these species
are typical of more northern steppes. In the south of the steppe zone they
occur either on light-textured soils or under high moisture conditions.
Festuca valesiaca subsp. sulcata has a very plastic water balance that
permits it to survive in a wide range of conditions (Sveshnikova 1979).

Grazing

The steppe tussock grasses make up the basis of climax communities and
are subject to intensive grazing. While in the pre-agricultural period the
grazing of wild animals in natural conditions was necessary for equi-
librium maintenance (Semenova-Tyan—Shanskaya 1978), with modern
agricultural management the development of many steppe plants is
influenced by intensive grazing. The effect of grazing, however, is versatile
and not unequivocal. With steppe grasses grazing affects the vitality and
numbers of plants in coenopopulations and their age-state spectrum
(Zaugolnova 1977). The response of species to grazing is to a great extent
specific and depends on grazing intensity. Thus in some species (Festuca
valesiaca subsp. sulcata, F. beckeri) the first stages of grazing can be
associated with improved vitality of individuals and clones, an increase in
the number of vegetative and reproductive shoots and their height. The
basic reason for such behaviour lies evidently in the attenuation of the
dominant Stipa species that are strong competitors. With increased graz-
ing the vitality of the Festuca spp. is worsened. In Stipa caucasia and
Agropyron pectiniforme even slight grazing is associated with a decrease in
tussock diameter, as well as shoot number and height (Kozhevnikova and
Trulevich 1971).

Intensive grazing affects not only plant vigour and number but also leads
to rearrangement of the age-state spectrum (Kozhevnikova and Trulevich
1971): the number of old plants is reduced because of their high death rate;
there is also a ‘false rejuvenation’ of coenopopulations, related to the
accumulation of young plants, the impossibility of complete ontogeny and
the death of plants that have not reached the natural limits of life.

Conclusion

The above review makes it possible to distinguish the most common
coenopopulation characteristics of steppe tussock grasses.
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1. The formation of compact tussocks with strong root systems leads to
high survival of adult individuals;

2. The considerable length of tussock life allows old individuals to
accumulate in a coenopopulation;

3. The numbers and age-state composition of coenopopulations are
stable;

4. Both the numbers of reproductive shoots and the vegetative mass are
dynamic.

These characteristics determine the dominating and edificator role of
tussock grasses. Even grass species with low abundance in steppes are
extremely stable components, retaining their positions in the coenosis for
a long time.

Short-rhizome herbs

In sandy steppes this group is represented by Potentilla cinerea, Centaurea
sibirica, Arenaria procera, Hieracium echioides, H. virosum. Our observa-
tions of Potentilla cinerea and Centaurea sibirica may be used to exemplify
the group. While each species has its own specific characteristics of coeno-
population growth and dynamics, they are all similar in many points.

The potential seed yield in these species is rather different (Table 5); the
actual yield is similar. The latter index varies slightly over time, whereas
the potential yield may vary rather strongly. The fluctuations in potential
yield are related primarily to the number of reproductive shoots formed on
a plant. The reproductive organs are initiated in these species in the
previous summer, and the drought occurring in this period may have a
negative effect on the number of reproductive shoots (as for example in
1976, see Table 5). These two species flower at the end of May, and are
insect pollinated. It is possible that with a small number of reproductive
shoots and flowers pollination may be more efficient. Many seeds of
Potentilla and Centaurea are damaged by weevil larvae. If flowering is
poor, the number of phytophagous insects may drop abruptly and the seed
damage is reduced in these years.

Table 5. Seed yield and its components (per 1 m?) in short-rhizome plants on Naurzum
Preserve.

Species Year Number of Number of Potential Actual
reproductive flowers yield yield
shoots (inflorescences)

Potentilla 1973 27.2 61.8 1876.8 64.7

cinerea 1974 14.6 34.6 1051.2 49.8

1976 3.4 9.3 275.4 58.7

Centaurea 1974 6.9 161.4(6.9) 161.4 56.3

sibirica 1977 11.0 249.0(11) 249.0 75.8

The seeds of Potentilla cinerea usually germinate in close proximity to
maternal plants, giving rise to groups of 20-40 seedlings. The fruits of
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Fig. 7. Age-states and clone structure in Potentilla cinerea. The individuals of seed origin are
shown as: I, seedling; I1, juvenile; ITI, immature; IV, virginile; V, young; and VI, mature
reproductive. Individuals of vegetative origin are: VII, mature; VIII, old strong; IX, old
weak; X, senile. 1, vegetative shoot; 2, reproductive shoot; 3, dead shoot. Individuals of
vegetative origin are: 4, mature; 5, old strong; 6, old weak; 7, senile. A, B, C, the stages of
clone development.

Centaurea sibirica may be carried away by beetles picking the fleshy
tendrils; the seedlings of this species are, as a rule, randomly distributed.
The number of seedlings of Potentilla cinerea is rather high in some years;
Centaurea sibirica seedlings are always sporadic. However the survival of
small Potentilla seedlings is rather low, and by the end of summer fewer
than 1-2 per 5m? persist. Seedling density of Centaurea sibirica by the end
of summer is the same.

The coenopopulations are replenished extremely slowly: during the
whole observation period (1970-1979) on a transect (0.5 x 10 m?) only
one juvenile individual of P. cinerea became established but not a single
one of C. sibirica. These species are characterised by clone formation in
mature and old age-states (Fig. 7) and the clones spread rather slowly.
Some particules do not undergo rejuvenation and age gradually. When
they die the vacant site is taken by the same or by other species. The
dimensions of clones and the number of particules in each are different in
these species: clone diameter in P. cinerea is 20-70 cm, in C. sibirica
10-20 cm; the average particule number per clones is 8.1-13.2 and 3.2-3.5
respectively. The differences affect the position of the species in a coenosis:
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as a rule, the cover of P. cinerea is higher than that of C. sibirica. The
clones of these species exist for a rather long period of time. An estimate
of their life-span can be indirectly obtained by determining the particules’
‘provisory age’ (Gatsuk et al. 1980): the life-span of a Potentilla clone is
not less than 50 years.

Coenopopulations of these species are composed of (a) individuals of
seed origin, (b) clones consisting of particules (that is, individuals of
vegetative origin) and (c) single particules, being the last fragments
of clones. Together these give the total genet number. In short-rhizome
plants different patches of a coenopopulation have different genet
numbers, caused by differences in seed regeneration and in the death rates
of isolated particules and of particules within clones. The number of
ramets in a coenopopulation reflects the intensity of individual disintegra-
tion and the average ramet number in a clone; the latter varies from species
to species. The numbers of genets and ramets for different coenopopula-
tions of Potentilla cinerea and Centaurea sibirica are given in Table 6. The
number of genets of P. cinerea varies within a small range and is only
slightly reduced by grazing, whereas ramet number falls rather signifi-
cantly. Haymaking and grazing cause the numbers to change within the
same ranges as may be found on different coenosis patches on the
Naurzum Preserve. For P. cinerea coenopopulations no serious effect of
haymaking and grazing on the number of genets can be established but the
number of ramets is higher on hay-fields and pastures, that is, there are
more particules in the clone (on average) than on a preserve plot (without
mowing or grazing). The coenopopulations of these species are charac-
terised by the prevalence of old (g; + ss + s) particules (Fig. 8); the role
of old particules is even higher in spectra calculated on the basis of ramet
number. Seed regeneration is not abundant but it ensures the permanent
presence of young individuals in the coenopopulation. This spectrum is
rather stable and can last for a long period of time. The number of juvenile
individuals can change both in time and space.

It is practically impossible to investigate the dynamics of individuals in
short-rhizome species since their boundaries cannot be established without
excavation. Thus in observations on permanent plots only the number of
shoots was estimated. The numbers of vegetative shoots in P. cinerea and
C. sibirica varied slightly during 8 years of observations: 334-380 in P.
cinerea and 75-93 in C. sibirica on a 0.5 x 10 m’ transect, indicating
coenopopulation stability. These plants are characterised by well-
branched, deep (160-200 cm), adventitious and fleshy roots with water
reserves in them. The compound leaves of P. cinerea are rather hairy and
leaflets can fold along the midrib when air and soil dryness increase. These
features of plant texture contribute to an increase in stability of the
coenopopulations in arid conditions. P. cinerea and C. sibirica are typical
of psammophytic and petrophytic variants of steppes, occurring in pine
forests on sandy soils, as well as in the steppe and forest-steppe zone of the
European part of the USSR, Kazakhstan and Siberia. They are scarcely
eaten by cattle and withstand grazing. The vitality of individuals improves
in the first stages of pasture deterioration and with heavy overgrazing,



165

9¢8 vie LE 68L L61 08 L6l amjsed
659 19T 99 £65 144! IS (421! PIPYAeH
9LT Lel ve we IL [43 L6l dAI3S3l] poLqIs
0€s :143 ELT LSE 101 12 1L61 JAI3S214 DNDIUI))
1LS €0¢ - ILs S8 811 cLel amised
(4% 9TC - CI8 S6 1€l L6l plPyAeH
vLel 90¢ - vLEL vl $91 [4231! QAIaSald D243uL>
8pe 34 - 123 ve (44 161 SAI3S3Id pjjiua1od
ss[nonred Leli el o) urduo
(ssnonred 9[8urs jo ul JequInu poss jo
10) sjowrey sjouan) JaquInN. s[nonIed sauo[) s[enplaIpuy Tes g SISOU20)) sa10adg

AU G0 yoea ‘s10[d (0] UO paseq ‘sasous09 Jus1dyIp ur siueld swoziyl-11oys swos jo suonemndodousos jo uonisodwos Y], ‘9 3]



166

Fig. 8. Age-state spectra of short-rhizome plants: Potentilla cinerea (1) and Centaurea sibirica
(II). The proportions of each age-state in a coenopopulation are shown on the ordinate; these
are calculated either on the basis of total number of individuals (1) or on the basis of genet
number (2). Data are shown for 1972.

when many species are eliminated from the grass stand, P. cinerea becomes
the dominant of the coenosis. Their projective cover is not high (2-5%,
maximum 12-15%), and because of their small height (5-7 cm) their
occupation of space is 2-5 times lower than dense-tussock grasses. The
foregoing population characteristics make them permanent components
of sandy steppes.

TYPE II — TAP-ROOTED PERENNIAL PLANTS WITH SEED
REGENERATION

This group is represented by species which regenerate in the climax com-
munity only by seed: Artemisia campestris (f.sericea and f.glabra; data
reported here refer only to f.sericea), Euphorbia seguieriana, Onosma
simplicissimum, Gypsophila paniculata. Root suckers can potentially be
formed in Euphorbia seguieriana but is not observed in the climax com-
munity of sandy steppes. Vegetative propagation is also absent in these
plants in the old age-state. The potential seed productivity varies in mature
individuals of these species within a wide range: it is highest in Artemisia
campestris (4,200-12,700 ovules per individual) and the lowest in Euphor-
bia seguieriana (24-95). Numerous seedlings are formed in favourable
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Fig. 9. Survival of tap-rooted plants in coenopopulations.

(A) Survival of seedlings during the vegetation period (May-September) on Naurzum
Preserve in 1971: 1, Artemisia campestris; 2, Euphorbia seguieriana. The number of seedlings
ona 10 x 0.2 m® transect is shown on the ordinate.

(B) Survival of juvenile individuals recorded in 1971, from 1971 to 1977. The number of
individuals on a 10 x 0.5 m? transect is shown on the ordinate. 1, Artemisia campestris; 2,
Euphorbia seguieriana.

(C) Depletion curves for all individuals recorded in 1971 on a 10 x 0.5 m? transect. 1,
Artemisia campestris; 2, Euphorbia seguieriana; 3, Onosma simplicissimum.

(D) Depletion curves of: 1, Scorzonera ensifolia; 2, Seseli ledebouri; 3, Helichrysum
arenarium.

years but most of them die off in the course of summer (Fig. 9A); the
survival of seedlings is related to seed size and this is higher in E. seguier-
iana. Juvenile plants may be numerous in the population but the death rate
is so high (Fig. 9B) that their participation in the coenopopulation
decreases abruptly in the first few years after their appearance. Thus seed
regeneration in these species is sporadic. The share of juvenile individuals
recorded in the coenopopulation is higher (on average 40-50%) than in
the groups of species discussed previously.

The underground part of these plants become branched with onto-
genetic development and the root system reaches a depth of 160-200 cm
in the mature state. In the first stages of ontogeny the stability of
individuals in coenoses increases somewhat and their death rate decreases
correspondingly. As plants age their shoots die and the tap root deterio-
rates, the depth of root penetration is reduced and plant stability declines.
Plant survival changes correspondingly during ontogeny. For example in
Artemisia campestris the % survival of each age-state changes in the
following way:j — 27,im — 44,vandg, — 72;g, — 100;g;and ss — 65;
s — 70. One of the essential differences between this type of population
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behaviour and that of bunch or tussock plants is the lower survival at the
beginning and the end of the ontogeny of the tap-rooted plants. In spite
of the higher number of juvenile individuals at some periods in a coeno-
population the total number (per 0.5m?) is not high in these species:
0.1-7.3 individuals in Artemisia campestris, 0.5-0.8 in Onosma simplicissi-
mum and 0.2-3.1 in Euphorbia seguieriana.

The species investigated in the sandy steppes are characterised by a
rather long life span of the pre-reproductive period (Table 7), one of the
reasons for an accumulation of this age-state. The ageing period
(g; + ss + s)is somewhat extended. The total life span is, on the whole,
shorter than in tussock plants of Type L.

The coenopopulation number varies considerably in time. In coeno-
population of Artemisia campestris an increase in number was recorded
only once in nine years of observations, and twice in coenopopulations of
Onosma simplicissimum and Euphorbia seguieriana. The rises are related to
the sporadic formation and rooting of seedlings. The depletion rate of
individuals in a coenopopulation (Fig. 9C) scarcely changes in different
years and seems to depend little on environmental fluctuations. The
depletion curves are in all cases close to the exponential relationship and
the species differ slightly in death rate. The population half-life is shortest
in 4. campestris (4.0 years), 4.7 years in E. seguieriana and 5.0 years in
O. simplicissimum.

The comparison with tussock plants reveals another essential charac-
teristic of the population behaviour of tap-rooted plants: their number is
much more dynamic, suggesting that they are relatively labile species:
balance lability is 0.81-0.87 in A. campestris and E. seguieriana and 0.69
in O. simplicissimum.

Although the depletion rates (of plants present from the first observa-
tion) do not change in time (Fig. 9) the death rate sometimes increases
greatly (Table 8). This was caused mainly by death of young plants that
appeared in 1971. The growth rate of a coenopopulation varies from year
to year, but negative indices prevail over positive ones: the coenopopula-
tion number decreases significantly during the nine-year period.

The age-state spectra of coenopopulations of the tap rooted species are
characterised by the following features (Fig. 10): the absolute maximum
occurs as a rule among the individuals of the pre-reproductive period, or
of g;; the position of the maximum is mobile and depends on the rate of
initial development of individuals, their death rate and on the sporadic
appearance of seedlings; the height of the maximum in the spectrum
depends on the intensity of species seed reproduction and on the time that
has passed since mass seedling appearance; local maxima may appear
among the old individuals, caused by a slightly extended ageing period; the
longer the plant ontogeny the more important and stable is the maximum
on g, (Table 7, Fig. 10).

The characteristics of ontogenetic development account for another
essential aspect of population behaviour of this group of specics, namely
the dynamism of the age-state spectra in time, as may be illustrated by
Artemisia campestris. During the whole observation period (Fig. 11) the
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Fig. 10. Age-state spectra of coenopopulations of tap-rooted plants. The proportion (%) of
the total genet number is shown on the ordinate. A, Artemisia campestris; B, Euphorbia
seguieriana;, C, Onosma simplicissimum. 1 and 2, Preserve area in 1971 and 1972; 3, hayland
in 1972.

participation of juvenile individuals decreased abruptly while old ones
increased. The share of im, v, g, individuals is marked by wave-like
changes: the absolute maximum moves from j to g,. These changes are a
result of the death of individuals and their age development. We did not
succeed in establishing any relationship between fluctuations in meteoro-
logical conditions and the degree of ontogenetic changes: such changes
seem to depend largely on population properties of the species. On the
whole, the rate of ontogenetic change is much higher in this species than
in dense-tussock grasses (compare Table 4), and is related to the shorter
life-span of Artemisia campestris individuals.

The abundance of tap-rooted species increases with coenosis distur-
bance. Artemisia campetris f. sericea becomes dominant in a pine forest on
disturbed sandy soils; A. campestris f. glabra reaches high numbers in the
first stages of old field disturbance (up to 3-8 specimens per 1 m?), but in

Fig. 11. Changes of the age-state spectrum of Artemisia campestris coenopopulation over
nine years. The proportions of age-state groups (% of total number) are shown on the
ordinate.
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the natural community the density decreases abruptly (0.8-0.1). The
numbers of Euphorbia sequieriana are increased by grazing 2.5-7 times,
compared to the maximum number on a preserved area. The attenuation
of interspecific plant interference results in their improved vegetative and
reproductive growth, increased seed productivity and a correspondingly
higher rate of coenopopulation growth.

The following are the most typical features of the population behaviour
of these species: (1) the absence of vegetative propagation; (2) relatively
high elimination of individuals; (3) a shorter ontogeny than that of tussock
plants and reduced duration of the senile state; (4) greater dynamism of
numbers and of age-state spectra.

TYPE III — TAP-ROOTED PERENNIALS WITH MIXED
REGENERATION

This group is represented by the following species in steppe communities:
Scorzonera ensifolia, Seseli ledebouri, Helichrysum arenarium. The poten-
tial seed productivity of species is extremety different: in S. ensifolia it is
2040 ovules per specimen and in S. ledebouri 1000-3000 (rarely up to
6500) ovules per specimen. The actual seed productivity is very low in S.
ensifolia (0.2-2.3% of the potential) and considerably higher in S. lede-
bouri (3040%, though in some years it is 0.2-1.2%). The number of
seedlings however is very low even in S. ledebouri: in favourable years, 2-4
per 10m?. Seedlings of S. ensifolia and H. arenarium are sparse.
Vegetative propagation was also recorded in these species. Buds on
roots give rise to shoots which then form their own root system and can
exist independently. According to their age-state, these plants may then be
equated with juvenile or with immature plants. In some species the connec-
tion between the root-suckers and the maternal plant may last for a long
time (S. ledebouri), while in others it is disturbed rapidly as a result of root
rot or breakage. Individuals of vegetative origin may retain traces of their
former connection with the maternal plant for a long time and in coeno-
population analysis such plants can be estimated separately. Plants origi-
nating from root suckers undergo age changes and therefore different age
groups can be distinguished among them, similar to those derived from
seed. The ratio between the individuals of seed and vegetative origin in a
population varies in different plant species: the percentage vegetative
progeny among the total number of individuals is 28-35% in S. ledebouri,
88-97% in H. arenarium and 99-100% in S. ensifolia. The vigour of
vegetative propagation in these species is different and this accounts for
observed variations in numbers of the species: the average number of
individuals per 0.5m? is 0.2-19.3 in Helichrysum arenarium, 0.4-1.3 in
Seseli ledebouri, 1.4-6.1 in Scorzonera ensifolia (Naurzum sand steppe). In
coenopopulations pre-reproductive plants are as a rule predominant.
Consequently the population number of these species is rather variable in
time; balance lability is 0.8-0.9. Their half-life is rather short: 3.3-2.5 years
in H. arenarium and 7.0 in S. ensifolia. S. ledebouri is different and
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coenopopulations of this species are more stable in time, with a balance
lability of 0.56 and half-life of 20.5 years. The root suckers of this species
are more viable and have a slower rate of development than the two other
species.

The calendar ages of these species are difficult to determine. Observa-
tions on permanent plots and morphological analyses have shown that the
life-span of individuals in sandy steppes is roughly 18-20 years in Helich-
rysum arenarium, 15-25 years in Scorzonera ensifolia, 20-30 years in Seseli
ledebouri.

Root suckers are formed actively in humid years. Newly formed indi-
viduals die off in a manner similar to those derived from seed (Fig. 9D),
showing an exponential relationship that does not reveal any dependence
on environmental fluctuations and plant age (H. arenarium is an excep-
tion). A higher death rate in populations of these species does not result
from active formation of vegetative propagules. For example in Scor-
zonera ensifolia (growing on a 0.5 x 10m? transect) the highest number
of dead plants was recorded in 1977-1979, but only two out of 19 were
young (age 2-3 years), the rest being perennial individuals; out of 11 plants
that died off in 1972-1973 five were 1-2 years old, the rest were older. The
death of vegetatively formed individuals seems to be primarily an endo-
genous process in this species, determined by the survival level of
individuals and the duration of their ontogeny. The survival of vegetative
progeny may possibly depend on attachment to the maternal plant: the
half-life is considerably greater in species where the connection is retained
for a longer period of time.

Plants of the species investigated have different means of survival in arid
conditions: in Scorzonera ensifolia the leaf bases are densely covered with
long hairs which coat the young growing parts like a blanket; in Helichrysum
arenarium both leaves and stems are hair-covered; in Seseli ledebouri the
finely dissected leaves are covered with cuticula. The thick and succulent
roots of S. ledebouri and Scorzonera ensifolia have water reserves in them
that enables them to tolerate drought periods. Vegetative propagation of
these species is intensified in areas where the plant cover is damaged by
digging animals. Sousliks and blind rat-moles often eat the sappy roots of
S. ensifolia, thus activating vegetative propagation: the density of this
species may rise abruptly in such sites. However, these tap-rooted species are
sensitive to grazing and are rapidly eliminated from the community by it.

The population behaviour of this species group reveals a considerable
similarity with the previous group of species: the coenopopulations are, as
a rule, characterised by a rather high lability of number and age-state
composition, sporadic regeneration and predominance of young plants.
The main difference lies in their dependence on vegetative propagation
rather than seed reproduction. Vegetative progeny are more viable than
seed progeny, and the death rates of juvenile and adult plants do not differ
as sharply as in species with seed regeneration.

The tap-rooted plants with mixed self-maintenance may be considered
as the relatively labile fillers of communities, rapidly colonizing disturbed
areas and retaining their place for varying periods of time.
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TYPEIV — TAP-ROOTED PLANTS WITH A SHORT ONTOGENY

In the steppes, this type is exemplified by Alyssum lenense, A. tortuosum,
Syrenia sessiliflora. The density of these species on undisturbed plots of a
community is usually low (approximately 0.4-1.4 specimens per 1 m*) but
it can grow abruptly after disturbance, reaching an average of 20 speci-
mens per 1 m? The life-span of plants is short, reaching 2-3 years in
Syrenia sessiliflora and under 7-9 years in Alyssum lenense. The senile
period is not pronounced in plant ontogeny. Most individuals in popula-
tions of Syrenia sessiliflora are monocarpic, with only some of them
flowering for a second time or vegetating one more year after flowering.

These species are marked by a high death rate of individuals: 95.4% of
the initial coenopopulation of A. lenense died in the period 1970-1979.
This is caused primarily by the thin and shallow root system which only
reaches a depth of 50 cm. Coenopopulations of these species decrease
catastrophically after droughts. Coenopopulation numbers and age-state
spectra are rather dynamic (Fig. 12) and subject to abrupt variations in
time and space (Zaugolnova 1976). Young plants are predominant.
Coenopopulation lability is due to the following factors: periodicity in

Fig. 12. Changes of the age-state spectra and the numbers of Alyssum lenense coenopopula-
tions over time.

(A) Age-state spectra, showing the proportions of different age-state groups (% of the total
number on a 15 x 0.5m? transect); years and months of observations are shown on the
abscissa.

(B) Changes in the total number of individuals on the same transect.
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seedling establishment (the number of seedlings per 1 m? varies from 1 to
70 annually), high death rate of individuals, and rapid ontogenetic
development. The balance lability of Alyssum lenense is about 1, that is,
during the observation period (1970-1979) almost all individuals in the
coenopopulation were replaced by others. The coenopopulation half-life
in A. lenense varies from 1.2 to 2.7 years depending on the environment:
death in these species is distinctly related to environmental fluctuations.

The species of this group are highly dynamic and marked by low
competitive capacity. They are close in behaviour to explerent species
(Ramenskii 1938): they can rapidly occupy disturbed areas but are rapidly
suppressed by other species as well.

TYPE V — LONG-RHIZOME PERENNIALS

In the sandy steppes this group is represented by Carex supina, Veronica
spuria and Galium ruthenicum. Coenopopulation maintenance is basically
by vegetative propagation and the species occur permanently in steppe
communities on sandy soils, although their cover is not large. The ratio
between progeny derived from seed and vegetative propagules varies:
Carex supina coenopopulations are fully vegetative, whereas in Galium
ruthenicum seed progeny are sparse but on some sites it may prevail over
vegetative progeny.

We shall consider the behaviour of Carex supina coenopopulations in
some detail. The plant is a system of partial tufts connected by rhizomes.
The partial tuft is formed in the apical part of the rhizome by tillering. Its
development can be divided into a few stages (Fig. 13): young, mature and
old which correspond on the whole to the development stages described by
Kershaw (1973) for clumps of other long-rhizome species. The tuft con-
sists of one, two and three year old vegetative shoots and di- or tricyclic
reproductive ones. Most tufts die at 4-5 years of age, but some of them can

Fig. 13. The phases of development of Carex supina partial tufts (I) and structure of
individuals. Tufts: A, young; B, mature; C, old. 1, Vegetative shoot; 2, reproductive shoot;
3, dead shoot; 4, dead tuft.
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live up to 7 or 8 years. The rhizome is rarely branched and an individual
has usually not more than 2-3 rhizome branches (Fig. 13, II). Although
reproductive shoots with fruits can usually be seen in a coenopopulation
we have never detected seedlings in natural conditions. The coenopopula-
tion dynamics of the species are entirely related to the degree of partial tuft
formation and death, both of which undergo changes in time. Sometimes
these depend mainly on the weather conditions: the highest number of new
tufts is formed in humid years (such as 1973), and these are years when
coenopopulation rejuvenation occurs. Young tufts develop rapidly and
correspondingly the number of this age-state rapidly decreases in subse-
quent year. Unless continual formation of young tufts occurs the popula-
tion undergoes gradual ageing. Most tufts (mainly the old ones) die off in
drought years (such as 1975). Since the life-span of tufts is not long the
half-life of coenopopulations is short, between 1.1 and 4.0 years depending

Fig. 14. Some quantitative and qualitative characteristics of the different types (I-V) of
population life-history discussed in this paper.

(A) Life-form: arrows, vegetative shoots; arrows with circles, reproductive shoots; heavy
black lines, dead shoots. Type of self-maintenance is shown in the upper right corner: s,
seminal; v, vegetative.

(B) Seed production per plant (genet), on a logarithmic scale: open columns indicate poten-
tial seed productivity, the closed columns, actual seed productivity.

(C) Coenopopulation provision for regrowth, indicated by the number of juvenile and
immature plants as a % of the total number; open columns indicate seed progeny and the
closed columns indicate vegetative progeny.

(D) Duration of the ontogeny (years).

(E) Balance lability.

(F) Half-life of coenopopulation (years).

1, Potentilla cinerea; 2, Centaurea sibirica; 3, Koeleria macrantha; 4, Festuca beckeri; 5, Stipa
pennata; 6, Artemisia campestris; 7, Onosma simpliccissimum; 8,Euphorbia seguieriana, 9,
Helychrysum arenarium; 10, Seseli ledebourt; 11, Scorzonera ensifolia; 12, Syrenia sessiliflora;
13, Alyssum tortuosum; 14, Alyssum lenense; 15, Carex supina.
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on environmental conditions. This factor accounts also for the observa-
tion that most partial tufts in coenopopulations were renewed during our
observation period (1970-1979): the balance lability was 0.94. The coeno-
populations of this species are characterised by a relatively high dynamics
of number and age-state composition of partial tufts. The main causes of
lability are: (a) sporadic formation of partial tufts, (b) their rather high
death rate and (c) their relatively rapid ontogenetic development. Coeno-
populations of Carex supina are extremely persistent because of their high
lability: the species has the ability to utilize rapidly the favourable con-
ditions that occur occasionally in the dry steppes.

CONCLUSIONS

The demographic analysis of steppe plants has shown that a plant com-
munity consists of coenopopulations with different types of dynamic
behaviour. Some quantitative and qualitative characteristics of the five
types considered in this paper are summarised in Fig. 14. In species whose
coenopopulations are maintained by seeds (Types I-1V), the following
parameters increase from Type I to Type IV: (a) potential and actual seed
productivity, (b) the participation of juveniles in the populations, (c) the
turnover rate (dynamics of numbers) and correspondingly plant death
rate. The duration of plant ontogeny is reduced in the same sequence.

In this paper we have attempted to review some representatives of the
diverse types of population biology that may be observed among species
living together in a plant community. Since, as we believe, plant mor-
phology and ontogenetic development largely account for the population
behaviour of species, the thorough investigation and description of plant
life cycles using the insights and techniques of plant morphology are
indispensible to population studies (Serebryakov 1962, White 1979). These
studies promise to reveal the manner in which plant communities are
structured as integrated living systems.
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STRUCTURE AND DYNAMICS OF
COENOPOPULATIONS OF SOME TEMPERATE GRASSES

L.A. ZHUKOVA and .M. ERMAKOVA

ABSTRACT

The coenopopulation age-state structure of five species of meadow grasses
in a variety of coenoses is described. The mode of coenopopulation
self-maintenance in different coenoses varied with each of the species,
Deschampsia caespitosa, D. flexuosa, Festuca pratensis, Agropyron repens
and Poa annua: seed reproduction alone, a combination of seed and
vegetation reproduction, or a predominance of vegetative reproduction.
The most persistent species are able to change their coenopopulation
age-state spectra in response to changing ecological conditions.

INTRODUCTION

The duration of any phytocoenosis is determined by the life time of its
constituent coenopopulations. This in turn depends on the potential
ontogeny and persistence of plants with different life-forms and on the
conditions which ensure self-maintenance of coenopopulations. Regular
grazing or mowing or flooding are the basis limiting factors hindering such
life forms as trees and shrubs in meadow phytocoenoses. Owing to anthro-
pogenic influences secondary meadows dominated by perennial her-
baceous mono- and polycarpic plants with a continuously renewable
overground shoot system may develop on flood-plain terraces. The mini-
“mum and maximum durations of their ontogeny are 1-10 and 50-80 years
respectively, that is, considerably shorter than most trees and many
shrubs. Meadow phytocoenoses develop more rapidly but are shorter-
lived than climax forest communities. They are also more dynamic, since
they respond quickly to abrupt fluctuations of various exogenous factors.
Grasses are typical of these coenoses in the temperate zone, and there have
been numerous studies on their ontogeny and on their biological and
ecological characteristics (Rozhevitz 1937, Smelov 1947, Larin 1950,
Serebryakova 1971, Tsvelev 1976, Arber 1934). However demographic
characteristics have been obtained for only a few species of grasses. The
object of this study is to show the diversity of coenopopulation structure
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and modes of self-maintenance for a number of grass species and to
describe the basic features of their life cycles which account for the
dynamic processes of phytocoenoses.

Individuals of a coenopopulation have various calendar ages, age-
states, sexual and other biological characteristics. Studies now completed
on over 200 species of flowering plants, including 60 meadow species, have
confirmed the method of age-state definition for different life-forms (Smir-
nova et al. 1976, Uranov et al. 1977).

MATERIALS

Grasses of different life-form, characterised by different types of growth
and coenopopulation self-maintenance were studied (Fig. 1): Deschampsia
caespitosa P.B. (tussock grass), a compact caespitose meadow weed;’
Festuca pratensis Huds. (meadow fescue), a loose caespitose grass of high
feed value; Deschampsia flexuosa Trin. (common hairgrass), a caespitose-
stoloniferous grass of medium feed value; Agropyron repens L. (couch
grass), a long-rhizome valuable meadow grass; Poa anna L. (annual
meadow grass), a short-lived pasture grass of medium feed value. Meadow
fescue was studied by Ermakova (1968), the other four species by Zhukova
(1961, 1979, 1980).

According to the accepted subdivision of age-state ontogeny (Rabotnov
1950a, Uranov 1975, Gatsuk et al. 1980), the species were classified into
9 or 10 age-states (full details in Serebryakova 1980). Coenopopulations
of the species were studied on the inundation and continental meadows in
the northern, north-western and central regions of the European part of
the USSR, and on the mountain meadows of the Trans-Carpathian area
and the Crimea. Details of the ecology and management of the various
habitats investigated are given in Tables 1-5. All the individuals collectively
of a species in a particular site (phytocoenosis) belong to one type of
coenopopulation, defined by its age-state spectrum. The variety of
coenopopulations encountered in various habitats is indicated on the
tables: their precise definition will be presented later. Over 70 coenopopu-
lations of D. caespitosa were examined, together with 44 of F.pratensis, 21
of D flexuosea, 12 of A.repens and 10 of P.annua.

In order to characterise each population 25-300 plots, each 0.25m? in
area, were established. For dynamic studies on the coenopopulations of
tussock-grass, common hairgrass, meadow fescue and annual meadow-
grass, the same coenoses were inspected for a number of years. The
age-states of individuals of each species were determined on temporary or
permanent plots. Absolute and relative participation of each age-state
group and the coenopopulations age-state spectrum were calculated for
each phytocoenosis. Averaged spectra for similar climatic conditions or
similar types of pasture utilization were also calculated. Detailed methods
are given in Smirnova et al. (1976).
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Fig. 1. Schematic diagram of age-states in the ontogeny of four grasses: (a) Deschampsia
caespitosa, (b) Deschampsia flexuosa, (c) Festuca pratensis, (d) Agropyron repens. The on-
togeny of Poa annua resembles (c). A horizontal projection of the tussocks is given in the
upper part of the diagram for D.caespitosa. 1, caryopsis; 2, coleoptile; 3, adventitious roots;
4, assimilating leaves; 5, rosette shoot; 6, reproductive semi-rosette shoot; 7, tussock live part;
8, partial shoot, 9, offshoot; 10, communication rhizomes; 11, dead shoot; 12, decayed part.
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AGE-STATE SPECTRA OF COENOPOPULATIONS

Coenopopulations of any species may be considered as continously
developing elements of the plant cover (Uranov 1975). The comparison of
age-state spectra of the same (single) species in different meadow phyto-
cenoses shows a wide range, caused primarily by different stages in their
development. Rabotnov (1969) proposed a classification of coenopopula-
tions into three types: invasive (I), normal (N) and regressive (R) to
correspond with their long term development from emergence to maturity
and to extinction. The unidirectional development of a coenopopulation
ranging from the invasive to regressive state constitutes the ‘large life cycle’
(Rabotnov 1969) of the coenopopulation or ‘big wave of population flow’
(Uranov and Smirnova 1969); the development of one diaspore generation
from invasion to death constitutes a ‘small or reproduction wave’ (Smirnova
et al. 1976).

The types of coenopopulations of the various grasses we have studied
are summarized in Tables 6—10 and will be discussed below in turn for each
species.

(a) Invasive coenopopulations

Invasive coenopopulations consist of plants of the pregenerative period
and are incapable of self-maintenance since they depend on continual
diaspore invasion. Coenopopulations of this type are rather rare in meadow
phytocoenoses and occur mainly on plots with a highly disturbed plant
cover (pastures, cattle tracks) or on primary substrates such as alluvial
deposits in flood-plains, spoil banks of irrigation or drainage systems, as
well as in the first stages of meadow agrophytocoenoses.

Invasive coenopopulations of D.caespitosa constituted 6.3% of all
coenopopulations of this species which we studied. They were found in
cattle camps of high-mountain meadows in the Trans-Carpathian area, on
cattle tracks of Oka pastures, and in the annual meadowed felling areas of
forests. These invasive coenopopulations emerge either in sites of old
overgrazed coenopopulations or on formerly unoccupied places such as
forest felling areas. They may develop from seed (caryopsis) reserves in the
soil or be dispersed from elsewhere. According to Rabotnov (1950b) the
number of caryopses in soil was 20-100m ™~ in the central flood-plain and
220m™? in terrace-side areas. The invasive coenopopulation density is
rather variable (Table 6). The first months are marked only by seedling
emergence, then come the juvenile plants and after 2-4 years the age-state
spectrum is represented by all groups of the pregenerative period. The
phytocoenotic significance of these coenopopulations is low since their
projected cover is only 1-5% (Table 1). The negative effects of various
exogenous factors result in continuous elimination of young D. caespitosa
plants and cause distinct fluctuations in the population density of all
age-states groups present, particularly the seedlings. The death of the
whole coenopopulation is not infrequent. Such doomed coenopopulations
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of tussock grass occur on alluvial deposits of the Oka and North Dvina
rivers, as well as on spoilbanks of drainage ditches.

Invasive populations of D.flexuosa are common in forest felling areas
and rare on sand dunes. Their population density ranges widely (Table 7)
with a cover of 5-8%. However their rate of individual development is
high and by the end of the first year the coenopopulation includes all
groups of the pregenerative period, and in the second year some of the
virginile plants proceed to flower.

The life time of Poa annua invasive coenopopulations is even shorter
than those of Deschampsia (Table 10). Their population density is 57-375
individuals per 0.25m?.

Invasive coenopopulations were not found either in couch grass or in
meadow fescue in natural phytocenoses. However, invasive populations of
Festuca pratensis lasting for less than one year have been described
(Ermakova and Mironova 1980) in meadow agrophytocoenoses in the
sowing year; their population density was 17-252 individuals per 0.25 m?.

(b) Normal coenopopulations

Normal coenopopulations do not depend on diaspore invasion and are
capable of self-maintenance by seed or vegetative propagation, either
simultaneously or in succession. This is the most frequent coenopopula-
tion type and may be described as ‘full-membered’ if all age-states are
present, or ‘incomplete-membered’ if one or several groups are absent. The
incomplete-membered type can be caused either by the effects of various
exogenous factors (climatic, zoogenic, anthropogenic, etc.) resulting in
interruption, elimination, delay or acceleration of individual development,
by the effects of endogenous factors such as the inhibition of development
of young growth by adult plants, or by specific characteristics of flowering
and fruit formation in different age-states. The incomplete-membered
coenopopulation spectrum can either be related to a natural absence of the
postgenerative period in the ontogeny, as in monocarpic plants, or to the
relatively young age of a coenopopulation if no plants have reached the ss
and s age-states. Spectra without young growth lack reproduction waves.
Polymodal spectral reflect different waves of reproduction, possibly due to
irregular, non-annual seedling establishment. Age-state spectra are shown
graphically with age-states ranked from pl to s in sequence along the
abscissa from left to right; the terms ‘left-handed’ and ‘right-handed’
spectra refer to the preponderance of young or of old individuals on such
a graph.

Following the concepts of Zhukova (1967) and of Uranov and Smirnova
(1969), we classified the normal coenopopulation into four versions
according to their successive development stages.

(i) Young normal coenopopulations have the g, age-state group prevalent
among adult plants and show a relatively regular replenishment of the
adult population. The spectrum is, as a rule, left-handed; this is due to the
presence of most or all of the pregenerative age-states predominant over
the postgenerative ones.
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In D.caespitosa this version constitutes about 14% of all coenopopula-
tions studied and was found in 2-3 year old post-felling areas and in 8-10
year spruce plantations (Table 6). These coenopopulations emerged as a
result of recent species invasion to these areas and are primarily incom-
plete-membered, with the oldest ss and s groups being absent. The popula-
tion density is rather high. Flood pastures are characterized by young,
full-membered coenopopulations with a lower population density (3 or 4
individuals per '0.25m?) and continuous seed reproduction (Zhukova
1980). The number of young individuals averages about 2 per single
generative plant here. This results primarily from coenosis unsaturation
with a particular species and is due to the relatively small diameter of the
grass tussock (5-10cm) and area of its influence (‘phytogenic field’ sensu
Uranov 1965) (8.3-115cm?) under the prevalent young generative plants.
The openness of the vegetation ensures the persistence of new waves of
reproduction and intensive growth of the existing individuals. This results
in rapid development of young normal coenopopulations of D.caespitosa,
with a life-time no longer than about 2-5 years.

The young normal coenopopulations of D.flexuosa were described on
waste-land meadows and plots of burned forests (Table 7). The area
occupied by one individual in the prevalent g, age-state is 10-38 cm?. The
life-span of individuals is 1-2 years (Zhukova 1979).

The young normal coenopopulations of Agropyron repens are, as a rule,
incomplete-membered, being devoid of seedlings and juvenile plants: this
is due to the complete inhibition of seed reproduction (Table 9). Young
generative and virginile groups with numerous young rhizomes are
prevalent. The total number of communication rhizomes linking short
clusters or ‘partial tufts’ (Fig. 1d) is lower than that of the offshoots. The
mode of coenopopulation self-maintenance is vegetative and new off-
shoots are formed by the separate shoot clusters. Coenopopulation den-
sity is 5.2 shoot clusters per 0.25m?. The ageing of these coenopopulations
is manifested in the gradual accumulation of g, and ss age-states absent in
the earlier stages.

In Festuca pratensis the young normal coenopopulation was identified
in the second year of its occurrence in agrophytocoenoses (Table 8). The
coenopopulation was characterised by the prevalence of young generative
plants, the presence of virginile and sometimes immature plants, and the
emergence of a few medium-aged generative plants a month later; it is
quite short-lived.

The young normal coenopopulations of Poa annua have a rather high
population density (Table 10). Initially individuals of the pregenerative
period are prevalent. As the number of generative plants increases the
number of seedlings and juvenile plants is drastically reduced.

(ii) Mature normal coenopopulations are characterised by the
prevalence of the g, age-state group, cover the greatest area in coenoses
and produce the highest amount of biomass in these grasses. Their age
spectra are uni- or bimodal: the second peak is among the groups of
the pregenerative period whose population density is higher than the
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postgenerative fraction, and this indicates continual recruitment from seed
or vegetative reproduction.

In Deschampsia caespitosa mature coenopopulations are widespread
and constitute about 40% of all the coenopopulations of this species
studied. Medium-aged generative plants accumulate and result in con-
siderable duration of this age-state, for 5-15 years or longer (Table 6). The
stability of mature Deschampsia coenopopulations reflects the competitive
ability of g, individuals which have large tussocks (10-15 cm diameter) and
aggressive root systems (30—40cm diameter) leading to large phytogenic
fields, both under each individual (226-933 cm?) and under the group as
a whole. Deschampsia caepitosa is a strong edificator and produces an
inhibiting effect on other species and on its own young growth.

In D.flexuosa mature normal coenopopulations are less frequent
(about 10%). The tussock area in the g, age-state is 140-270cm?, the
phytomass is 6.9-7.3 g and seed reproduction is predominant.

In Festuca pratensis this coenopopulation type occurred only rarely in
natural phytocoenoses; in the flood-plain of the Ugra River, where it was
the dominant species, the projective coverage was about 50—60%. In the
adult part of the coenopopulation all groups of generative plants were
present with intensive seed reproduction. There were 3.2 group individuals
per generative individual. The total population density reached a level of
27 individuals per 0.25m’. In meadow fescue, as in most loose-caespitose
grasses, this coenopopulation version is short-lived and is replaced by the
ageing one after 1-4 years.

In Agropyron repens the mature coenopopulation was recorded on
fallow sites. It was devoid of seed reproduction and particules of vegeta-
tive origin were predominant in the g, age-state. As a rule the coenopopu-
lation is polycentric with a ratio of offshoots to communication rhizomes
close to 1. Separation of non-rejuvenated shoot clusters in the generative
state and of rejuvenated ones in the immature and virginile states is
possible. A high intensity of vegetative reproduction was recorded.

(iii) The ageing normal coenopopulations are characterised by constant
prevalence of age-state g;. This type may be subdivided into those with (a)
a prevalence of pregenerative plants over the postgenerative ones, and (b)
a prevalence of postgenerative plants over the pregenerative ones.

In Deschampsia caespitosa about a quarter of the coenopopulations
observed were ageing normal (Table 6). From north to south there is a
tendency towards a decrease in their occurrence: they make up 33%, 21%
and 16% of the coenopopulation in the northern, central and Trans-
Carpathian areas, respectively. Their relative frequency changes only
slightly with different modes of grassland utilization. Their generalized
spectrum is distinctly single-peaked, with the peak on the g, age-group.
Large tuft-clones are about 20-30 cm in diameter, consist of 2-5 particules
and form a single phytogenic field, 360-1040 cm? in area. Rather large
groups of dead shoots in tussock-grass tufts retain a high allelopathic
activity (Zhukova and Bogdanova 1977). Consequently, in spite of the
reduction in the population density (Table 6), the coenotic closure in the
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ageing tussock-grass coenopopulations becomes higher and seed repro-
duction decreases drastically. This is confirmed by the much lower par-
ticipation of pregenerative plants in coenopopulations (13.5%) and a ratio
of young plants per generative individual of 0.23:1. Nearly 50% of the
incomplete-membered ageing coenopopulations studied were devoid of
juvenile and/or virginile individuals. The postgenerative fraction is some-
what higher, although with intensive grazing senile plants may be absent.
Full-membered ageing coenopopulations with weakly manifested repro-
duction waves occur on hay meadow plots which have a lower level of
coenosis occupancy by tussock-grass.

The life time of the ageing tussock-grass coenopopulations is deter-
‘mined in the absence of reproduction waves by the duration of the old
generative age-state g;; it may last from 3 to 15 years and probably longer.
The species continues to be an edificator in the ageing tussock-grass
meadows in spite of the reduction in its projective coverage by as much as
30-40%.

In Festuca pratensis the ageing normal coenopopulations are widely
distributed in pastures and rarer in hay meadows. They are co-dominants
(in 65% of cases studied) and less frequently (35%) subordinate though
permanent members of the coenosis. If reproduction is annual then all age
states of the pregenerative period are present in the coenopopulation,
otherwise only some of them are present or pre-generative plants are
altogether absent. Young, medium-aged and senile plants are few or
absent and the ss-group is relatively abundant. Plant size, developmental
potential, productivity and projective coverage are lower than in the
previous coenopopulation version. The area occupied by the prevalent g,
individuals is 13.2-34.2 cm? each. The number of young individuals per
one generative individual ranges from 0.01 to 4.9.

In Deschampsia flexuosa four ageing coenopopulations were identified
in the meadowed 7-8 year-old felling areas. On the rough meadows of the
White Sea Islands they are usually full-membered, less frequently incom-
plete-membered, by the absence of a number of groups belonging to the
pregenerative period; age-state g; constitutes 30-56% of the coenopopula-
tion. They cover an area of 514cm?’. The total population density is
unstable, ranging from 2 to 16 specimens per 0.25m?’.

In Agropyron repens ageing coenopopulations are rare and represented
by old polycentric systems or single partial tufts in which the number of
communication rhizomes is considerably higher than that of the above-
ground shoots. As a rule, they occur on perennial old fallow fields.

(iv) The old normal coenopopulations are characterised by the
prevalence of subsenile plants and a distinct righthanded age-state spec-
trum; the population density of the generative plants is lower than that of
the postgenerative. Sometimes the co-prevalence of groups ss and g; is
possible in an intermediate version.

In Deschampsia caespitosa old normal coenopopulations occur far less
frequently than mature and ageing ones (Table 6): they constitute 5.3% in
pastures, 20.8% on haylands and are absent in forest felling areas. Such
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uneven occurrence of this type can be explained by the lower viability of
the ss group which is fully eliminated by grazing but preserved slightly
longer by hay-mowing management. Tussock-grass individuals do not
manage to reach the ss age-state in the 10-15 year old felling areas and
accumulate mainly after 20-30 years when the felling area is overgrown:
thus in forest phytocoenoses old normal coenopopulations occur far more
frequently (40%). The total population density of these coenopopulations
is low (Table 6). This is associated with a simultaneous decrease in clone-
tussock areas (to 112-136 cm?), primarily in the area under the living part
(to 19-70 cm?). By this stage there is a decrease in coenosis saturation with
tussock-grass, but at the same time there is fresh recruitment of seeds from
the seed reserves in the soil. Consquently the share of the pregenerative
fraction increases (to 22.6%) and two or three-peak age-state spectra
develop.

The old normal coenopopulations of D. flexuosa occur most frequently
on the island and continental rough meadows and on 12-16 year old
felling areas. Their total population density is low (Table 7) and the area
of one clone is 46-394 cm”. The coenopopulation is self-maintained by
vegetative reproduction; seed reproduction is inhibited.

In Festuca pratensis the old normal coenopopulations are widespread in
all the investigated geographical localities and habitats. Sporadic groups
of pregenerative individuals and g, and g, are either scarce or absent.
According to all indicators, this coenopopulation is rather similar to the
previous one (Table 8). The area under one individual is 0.7-1.6 cm?. The
old normal coenopopulations of meadow fescue are nearly equally fre-
quent as co-dominant and as subordinate components of the com-
munities. _

In Agropyron repens the old normal coenopopulations were reported for
old fallow fields, roadsides and artificial agrophytocoenoses. All or most
of the pregenerative groups are preserved in them, with immature or
virginile partial tufts occurring. The saturation of the upper soil layers
with communication rhizomes increases.

(c) Regressive coenopopulations

Regressive coenopopulations are those that are unable to maintain them-
selves either through seed or vegetative reproduction and are thus depen-
dent on immigrant diaspores. Three variants are recognised (Smirnova et
al. 1976);

R, is devoid of viable seed and individuals of the pregenerative period;
flowering (but not fruiting) individuals and groups of the postgenerative
period are present.

R, consists of sub-senile and senile plants.

R, consists of senile plants.

Regressive coenopopulations are extremely rare in nature and were not
identified in tufted hairgrass, meadow-fescue or couch grass. In common
hairgrass only one regressive coenopopulation was reported, near the
southern border of its range in a 15 year old pine tree plantation in the
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Moscow region. This indicates both the low vitality of regressive coeno-
populations and the fact that most coenopopulations do not survive to this
age.

THE LARGE LIFE CYCLE OF A COENOPOPULATION

These selected species of grasses indicate the high diversity in coeno-
population age-state structure and population density that may be observed
in nature. Each coenopopulation is in a particular stage of development
at any specific moment and is marked by a ‘specific age level’ according to
Uranov (1975). Uranov assumed that each age-state had a particular
numerical value, reflecting its developmental status: the closer the indi-
vidual came to completing its ontogeny, the larger its numerical value.
Denoting the value of individuals in the ith age-state by m; and the number
of individuals in the same group by k, the ‘coenopopulation age level’ (A)
was calculated as

A = Xkimi
Lk
The higher this weighted mean, the older the population. The following
values were assigned by Uranov (1975) to various age states: pl = 0.0067,
j = 0.018, im = 0.047, v = 0.119, g, = 0.27, g, = 0.50, g, = 0.731,

= 0.880,s = 0.953.

In the course of development, the coenopopulation of any species is
often subjected to unidirectional and irreversible changes in population
density, age-state composition and productivity; that is, it is unstable and
successive. The development may be reversible if a regressive coeno-
population is rejuvenated to the normal age-state spectrum; this may
occur if ecological conditions change abruptly during succession.

Many meadow plants including grasses may be in a state of dynamic
equilibrium with the habitat in one of the stages of their development: then
the coenopopulation density and age-state composition undergo fluctua-
tions only and the age-state structure remains relatively stable. According
to Uranov and Smirnova (1969), those are the ‘definitive coenopopula-
tions’. The combination of reversible and irreversible changes in popula-
tion density and age structure ensure cyclic coenopopulation develop-
ment, accomplished by the multiple regular or (more frequently) irregular
replication of reproduction waves throughout the large wave of the
population flow. Only a single manifestation of the large wave is observed
under extremely unfavourable conditions.

The full extent of a large coenopopulation wave can only be observed
extremely rarely in natural phytocoenoses: in fact, it has not been
previously described in literature for one and the same coenopopulation.
Here we describe it for Poa annua (Fig. 2) in an establishing marginal
meadow phytocoenosis in the Moscow region under conditions of inten-
sive anthropogenic disturbance. In May the Poa annua coenopopulations
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Fig. 2. Large wave of coenopopulation flux in (a) Poa annua, (b) Deschampsia flexuosa, (c)
Festuca pratensis, (d) D.caespitosa. The duration of the wave varies: 5 months in P.annua, 46
years in F.pratensis, 20 years or more in D flexuosa and 30-70 years in D.caespitosa. The
relative percentage in each age-state group is shown on the ordinate.

were invasive with a high population density of 125-175 seedling and
juvenile plants per 0.25m”. After two weeks some of these became imma-
ture and virginile and in mid-June about 30% of the individuals reached
flowering stage (g, and g,): the coenopopulation then passes into the
young normal state. In early July the coenopopulations were mature-
normal with a prevalent generative fraction, g, individuals constituting
more than a half (55%). In late July and August old generative individuals
were prevalent (45%) and the coenopopulations ageing; pregenerative
plants were completely absent. Coenopopulation development was associ-
ated with a regular decrease in density and a gradual transfer of young
individuals into the subsequent age-states. The large coenopopulation
wave was essentially completed in September. No new reproduction wave
was found in autumn. However a coenopopulation which included both
the end of an old wave and the beginning of a new wave was described for
an adjacent plot (Fig. 2a) in September 1981.

In the other species investigated only single stages of the large wave were
observed. Nevertheless, essentially all stages of the large wave were traced
in a spatio-temporal sequence of pasture degradation for Deschampsia
caespitosa (Fig. 2). As already mentioned, the 1-2 year old cattle tracks
and pastures are marked by the occurrence of invasive coenopopulations
of this species and the 6-8, 15-30, 40 and 50 year old plots used for grazing
are characterised by the young and mature, mature, ageing, old and
temporarily regressive coenopopulations, respectively. The regular coeno-
population ageing was confirmed by studies of Deschampsia in the Oka
flood-plain in 1960-1980. A mature coenopopulation on a 30-year old
pasture turned into an ageing coenopopulation after seven years in the
Oka meadows and an invasive coenopopulation reached a young normal
state and then a mature normal state after 11 and 18-20 years, respectively.



201

This large wave is not highly localized, since similar stages in development
of this species have been described for other parts of its range, in the north
of the European part of the USSR and in Carpathian regions. It covers a
period from 30 to 70 years.

A large coenopopulation wave of D flexuosa was described for the
meadowed felling areas (Fig. 2¢). It covers a total period of 30-70 years.
The old-normal coenopopulations occur in the ‘definitive state’ only in the
forests, while the rest of the stages are successive.

In Festuca pratensis the large coenopopulation wave was traced in
agrophytocoenoses and had a duration of 5-6 years (Fig. 2d). Therefore
the absence of a number of coenopopulation age structure versions of this
species in natural phytocoenoses seems to indicate the brevity of their
existence and apparent instability, with the exception of the definitive
ageing-normal and old-normal types. Numerous transitions of one of such
coenopopulations of Festuca pratensis from the old normal state to the
ageing state and vice versa, resulting from changes in the conditions of
meadow uses and its intensity, are shown in Fig. 3a. The spectrum type

Fig. 3. Fluctuation variability of Festuca pratensis coenopopulation age-state spectra on
flooded meadows: (a) frequent fluctuations, (b) rare fluctuations. Relative frequency of each
age-state group (% of the total population density) is shown on the ordinate.
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changed 5 times in 15 years. Fluctuational changes are as a rule less
frequent, occurring after 56 and even 13 years (Fig. 3b). Such fluctuations
are mainly caused by the changes in prevalence of the old generative and
subsenile plants. The distribution of the roles of these two age-states
depends on the death of their representatives and on the transition of
individual plants from g, to ss and vice versa, which occurs in cases of
drastic environmental changes. The third and perhaps the principal cause
of the changing roles of g, and ss plants is the senile decay of the old
generative and subsenile plants, resulting now and then in the prevalence
of either the secondary generative particules or secondary subsenile par-
ticules. The fluctuating changes in Festuca pratensis spectra were less
frequently caused by annual fluctuations in the young part of the coeno-
population. For example complete or nearly complete absence of seed
replenishment for many years on hay meadows was followed by an
extremely large reproduction wave, related to a strongly disturbed coenosis.
The majority of the emerged young plants died, however, and the old
normal coenopopulation was re-established (Fig. 3b).

According to Kurchenko (1974), the small wave lasts about S years in
Agrostis tenuis, while in Poa annua the large wave may occur within 1-1.5
years. In both cases all coenopopulations of these species are successive
and unstable.

Thus, the length of the large wave as a whole and the duration of the
definitive coenopopulation in different grass species are different, and
determined by the duration of individual ontogeny stages, reproductive
periodicity, viable seed reserves and the intensity of vegetative reproduc-
tion by non-rejuvenated or rejuvenated particules. (A non-rejuvenated
particule is a particule of the same age-state as the parent individual; the
rejuvenated particule is a particule that has passed into an earlier age-state).

MODES OF SELF MAINTENANCE

The comparison of these species indicates not only their different rates of
development, but also their different modes of coenopopulation self-
maintenance.

Poa annua is marked by seed reproduction and a new generation
develops in the same year as the parent individuals or in the following
year: there is a rapid replacement of reproduction waves, lasting as long
as the large wave. Deschampsia caespitosa and Festuca pratensis are also
characterised by seed reproduction. However, because of their longer
ontogeny, senile particulation to ensure retention of the species territory
by non-rejuvenating vegetative progeny is essential. It is of particular
importance if seed reproduction ceases: in Deschampsia caespitosa this
process starts after 8-20 years, while in Festuca pratensis it starts after 7-13
years (but in agrocoenoses after 3—4 years). The age of each particule is
also much larger in tussock-grass than in meadow fescue.

D flexuosa is characterised both by seed and vegetative reproduction
and the separating particules may either remain in g; or ss or become
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rejuvenated to j or im age-state. Seed reproduction is prevalent in young,
well-lit forest felling areas. Seed and vegetative reproduction is typical of
the old felling areas overgrown with trees and bushes, but particule
rejuvenescence does not occur in the initial stage. Seed reproduction is
inhibited as the coenosis becomes saturated with edificator species, and
then the separating individuals of vegetative origin become considerably
rejuvenated (Zhukova 1979). Seed reproduction is absent in forest phyto-
coenoses in spite of the low species occurrence. The seedlings and drasti-
cally rejuvenated particules can only emerge in well-lit patches of the
forest. Thus common hairgrass demonstrates one of the most stable
coenopopulations.

In Agropyron repens on fallow and meadow agrophytocoenoses vegeta-
tive reproduction with rejuvenated or non-rejuvenated partial tufts is
prevalent. Seed reproduction is essentially completely inhibited since no
seedlings or other age-states of the young growth of seed origin were found
in any of the coenopopulations described.

The concept of stable and unstable coenopopulations and of different
intermediate versions (Rabotnov 1978) is based on their density dynamics
and fluctuation ranges, and should be supplemented by concepts of coeno-
population age-state structure stability and lability. The stable coeno-
popul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>