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Abstract: Small wetlands in East Africa are increasingly converted into sites for agricultural production. The resulting changes in land
use and cropping systems will impact on the wetlands’ vegetation. We characterized the plant communities in four wetlands of Kenya
and Tanzania, each comprising four types of land use differentiated by the degree of anthropogenic disturbance (cropland, fallow,
grazing land and unused). Since no syntaxonomical scheme was available as a reference, a first classification of vegetation units and
the identification of diagnostic species is proposed. We collected 207 relevés in the representative wetlands in relation to the current
land uses. The plant communities were determined using a modified TWINSPAN classification. For each vegetation unit, diagnostic
species were selected according to their fidelity index (phi coefficient). Floristic relationships between vegetation units were surveyed
by nMDS ordination analyses. We identified 15 plant communities and selected 147 diagnostic species. The communities were differ-
entiated into (1) semi-natural wetland vegetation (associated with less disturbed environments), (2) grassland and fallow vegetation,
and (3) weed communities (associated with eu-hemerobic, drained and cultivated cropland). While the semi-natural vegetation was
distinctly matched with unused fields, the differential matching of the other plant communities with land use types was less clear. Ac-
cording to the floristic similarity, the weed communities associated with cropland tended to be aggregated in the nMDS configuration
while the semi-natural vegetation was dispersed. The results of the ordination did not differ when involving all species or only the se-
lected diagnostic ones. As the plant communities described are rankless syntaxa, the establishment of a comprehensive syntaxonomic
classification for African wetlands will require further vegetation surveys as well as their comparison with published data.
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Introduction

Wetlands are important landscape ele-
ments as they fulfil a diverse set of eco-
logical and social and economic func-
tions. In East Africa, reported wetland
services include preservation of biodiver-
sity, pollutant buffering, water supply for
consumption and irrigation, sites for hunt-
ing and gathering, collection of thatching
material and medicinal plants and sites for
agricultural production, including cattle
grazing and various cropping strategies
(Chapman et al. 2001, Denny & de Ruyter
van Steveninck 2001, Junk 2002). Pro-
longed periods of water (or soil moisture)
availability and higher soil fertility in
comparison to the surrounding uplands

provide a large potential for the expansion
and intensification of agricultural produc-
tion (van der Heyden & New 2003).
However, the conversion of wetlands into
sites of agricultural production is threat-
ening their ecological functions, particu-
larly, when conversion is associated with
large-scale drainage. Other factors associ-
ated with anthropogenic disturbances and
driving changes in the plant ecosystems
involve eutrophication, pollution and
salinization through agrochemicals and
waste from settlements, and hydrological
changes due to excessive water extraction
for industrial or household purposes
(Kalinga & Shayo 1998, Kiai & Mailu
1998, Junk 2002). These disturbance fac-
tors and the associated vegetation forms

and species compositions are seen to be
used to assess ecosystem health and the
wetlands' ability to fulfil ecological func-
tions.

While large wetlands like those of Lake
Victoria (Gaudet 1977, Harper et al.
1995) or Lake Naivasha (Kassenga 1997,
Kairu 2001) have been the focus of many
reviews on the impacts of the land use on
their ecological functions, little attention
has been paid to the study of vegetation
and ecology of East African wetlands
with sizes smaller than 10 km2. Such
small wetlands show a continuous and
seasonally variable transition between
aquatic and terrestrial ecosystems and
may be permanently or temporary flooded
(Aselmann & Crutzen 1989). Conversion
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of semi-natural wetlands into sites of pro-
duction will alter the hydrological regime
and the trophic level of soils and water,
which in turn is likely to affect the vegeta-
tion. For a better understanding of the ef-
fects of land uses in East African wet-
lands, it is necessary to characterize the
current state of the vegetation in terms of
species composition of the phytocoenoses
and its relation with different forms of
land uses.

While responses of single species to al-
logenic changes can be used as indicators
of disturbance (Gleasonian approach; van
der Valk 1981), the first step must involve
the characterization of vegetation units
(Clemensian approach), which can poten-
tially provide vegetation groups associ-
ated with the level of anthropogenic dis-
turbances as well as their interactions with
geographical and environmental factors.
Assessing the current state of wetland
vegetation thus requires the characteriza-
tion of both the structure and the species
composition. One of the most comprehen-
sive methodologies for vegetation classi-
fication is offered by phytosociology
(Dengler et al. 2008). Resembling tradi-
tional subjective procedures, new statisti-
cal approaches have been developed to
make phytosociological classifications
more objective. These may involve the
implementation of statistical fidelity
measures (Bruelheide 2000, Chytry et al.
2002, Tichy & Chytry 2006, Willner et al.
2009), the improvement of the TWIN-
SPAN algorithm (Rolecek et al. 2009),
and the development of a specialised
software like Juice (Tichy 2002), which
executes all mentioned statistical analy-
ses. Additionally Willner (2006) and
Dengler et al. (2008) offer conceptual re-
views on the association concept and phy-
tosociology, respectively.

In contrast to the situation in Europe
where both an established syntaxonomical
scheme (Rodwell et al. 2002) and a large
number of relevés are available (Schami-
née et al. 2009, Dengler et al. 2011),

vegetation surveys in Kenya and Tanzania
have been mainly carried out in dry eco-
systems such as savannas, bushlands and
grasslands (Barkham & Rainy 1976,
Bronner 1990, Cornelius & Schultka
1997). More detailed floristic information
is only available for papyrus swamps
(Gaudet 1977, Kassenga 1997, Kairu
2001, Owino & Ryan 2007). However,
these studies are based only on a simple
listing of plant species or general descrip-
tions of plant formations. The first pro-
posal for a general classification of East
African vegetation was made by Phillips
(1930). This classification, however, did
not follow the criteria of phytosociology,
and it is currently outdated. This is par-
ticularly true for the small wetlands that
are subject to most intense land use dy-
namics. The integrated research project
“Agricultural Use and Vulnerability of
Small Wetlands in East Africa” (SWEA)
provided the opportunity to improve our
knowledge about species commonly en-
countered in wetlands with different at-
tributes and under various types of land
use in Kenya and Tanzania. The main aim
of this work was the development of a
floristic classification of small wetland
vegetation under different land uses and
use intensities based on relevés with the
aims (1) to derive a vegetation classifica-
tion according to species composition, (2)
to establish the relationships between
vegetation units and wetland uses, and (3)
to determine the distribution of vegetation
communities in different wetlands.

Materials and methods
Study site

According to a first survey on geophysi-
cal, socio-economical and vegetation at-
tributes of small wetlands in East Africa
(Sakané et al. 2011), we selected four
contrasting wetlands to cover the prevail-
ing diversity of attributes such as wetland

type (floodplain vs. inland valley swamp),
altitude (lowland vs. highland), demogra-
phy (high vs. low population density in
the surroundings), and market accessibil-
ity (Table 1). Rumuruti is located in the
Ewaso Narok floodplain on the Laikipia
plateau at 1,811 m a.s.l. and is character-
ized by a semi-arid climate. Tegu repre-
sents an inland valley wetland of the hu-
mid highlands and is located close to
Mount Kenya at 1,722 m a.s.l. The two
Tanzanian wetlands are Malinda located
in the sub-humid Mkomazi floodplain at
357 m a.s.l., and Lukozi, an inland valley
in the humid Usambara highlands at
1,765 m a.s.l. (Fig. 1).

As no long-term meteorological regis-
ters are available for the study sites, we
described the respective climate on the
basis of data from the interpolation model
offered by the International Water Man-
agement Institute at http://www.iwmi.
cgiar.org/WAtlas (New et al. 2002), com-
bined with own data collected during the
field works and registers of meteorologi-
cal stations located in physical proximity
to the study sites. Rainfall in Malinda is
concentrated in one rainy season between
March and June (Kamiri 2010). Annual
rainfall reaches 1,000 mm, while mean
monthly temperatures oscillate between
23°C in July and 31°C in February
(mean temperature 25.2 °C). The other
localities are characterized by a bimodal
rainfall pattern, with a long rainy season
between March and June and a short rainy
season between September and Novem-
ber. In Rumuruti the mean monthly tem-
peratures range between 16 °C and 20 °C
and the annual precipitation is about 500
mm (Thenya 2001). Monthly tempera-
tures in Tegu are very similar to those in
Rumuruti, but the annual precipitation is
higher (between 1,000 and 1,500 mm). In
Lukozi the monthly temperatures oscillate
between 15 °C and 21 °C (mean 18.6 °C)
with an annual precipitation of approxi-
mately 1,000 mm (Kamiri 2010).

Table 1: Geographic and physical attributes of the studied wetlands in Kenya and Tanzania. Climate type according to the clas-

sification of Kdppen.

Wetland Rumuruti Tegu Malinda Lukozi
country KE KE TZ TZ

. 0°17'18"N 0°28' 26" S 5°06' 20" S 4°39'29"S
coordinates 36°33' 57" E 37°06' 08" E 38°20'29"E 38°15'11"E
Altitude (m a.s.l.) 1,811 1,722 357 1,765
landform flood plain inland valley flood plain inland valley
area (ha) 917.27 19.71 792.20 103.08
sampled plots 53 42 49 63
climate type Cwb Cwb Aw Cwb
population dense sparse sparse dense
market access high low low high
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Fig. 1: Location of the studied wetlands (yellow circles) in Kenya and Tanzania. Digital elevation model obtained from the
CGIAR-CSI SRTM 90 m Database (Jarvis et al. 2008). Shape files of lakes, streams, and country borders downloaded from the
Digital Chart of the World (URL: http://www.maproom.psu.edu/dcw).

In the Malinda and Rumuruti flood-
plains, the dominant soil types are Fluvi-
sols and Vertisols, while the inland valley
swamps of Tegu and Lukozi are charac-
terized by Gleysols and Histosols, and, in
the case of Lukozi, with some colluvial
over-lay of gneiss and granite material
originating from adjacent steep valley
slopes (ARl Mlingano 2006, Kamiri
2010).

While all land use types are encoun-
tered at each wetland site, agricultural
land use differs between sites with a pre-
dominance of intense horticultural pro-
duction in the peri-urban setting of Lu-
kozi, small-scale subsistence food crop-
ping in the rural setting of Tegu, and cat-
tle grazing in the sub-humid and semi-arid
savanna environments of Rumuruti and
Malinda. Also the type of flood-tolerant
crops differs by altitude with lowland rice
(Oryza sativa) in Malinda and Taro
(Colocasia esculenta) in Tegu (Sakané et
al. 2011).
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Data collection

To cover the prevailing diversity of vege-
tation and land uses in each wetland, the
vegetation was sampled in 207 rectangu-
lar plots, each measuring 10 m?. The plots
were located in areas of homogeneous
vegetation, and in the case of cropped
fields, were managed by one farmer
(preferential sampling; Dengler et al.
2008). The land use of each plot was as-
sessed according to field observations and
interviews with the owners and was clas-
sified into four main types: (1) crops (cul-
tivated plots), (2) grazing areas, (3) tem-
porarily abandoned fallows, and (4) un-
used plots dominated by semi-natural
vegetation. The species composition of
each plot was assessed through relevés
according to the Braun-Blanquet method
(Wikum & Shanholtzer 1978, Dengler et
al. 2008). All vascular plant species pre-
sent in each plot were listed and their
abundance was recorded following visual
estimates of the respective percentage
cover. Cover ratings of 6 to 100% were
scaled in 10% steps, while cover ratings

of 1 to 5% were scaled in 1% steps. Cover
values below 1% were registered either as
sparse (+: more than one individual) or
rare (r: only one individual). In farmland
plots, the crop species itself was not con-
sidered in the estimation of cover. Un-
known specimens were collected and
identified at the East African Herbarium
of the National Museums of Kenya in
Nairobi (EA) and at the Herbarium of the
University of Daar es Salam in Tanzania
(DSM), and using the determination keys
of the Flora of Tropical East Africa (Pol-
hill 1949-2010). For sedges and rushes
the key of Haines & Lye (1983) was used.
Bryophytes, algae and lichens were not
included in the sampling. The relevés
were stored in SWEA-Dataveg, a vegeta-
tion database in TURBOVEG format (Al-
varez et al. 2012). This database is regis-
tered with ID AF-00-06 in the Global In-
dex of Vegetation-Plot Databases (GIVD;
Dengler et al. 2011).
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Statistical analysis

For a floristic classification of the relevés
stored in SWEA-Dataveg, a vegetation
matrix including the original cover values
was exported into the Juice software
(Tichy 2002) to use the modified TWIN-
SPAN algorithm (Rolecek et al. 2009).
The minimum group size was set at 3 and
the threshold levels of cover were set at
0%, 5% and 50%. Whittaker’s beta diver-
sity index (Whittaker 1972) was used for
the analysis of heterogeneity of groups, as
it provides balanced classifications, re-
specting group size and heterogeneity, but
also because of its robustness (Rolecek et
al. 2009). The phi coefficient of associa-
tion was calculated after standardizing the
size of the groups according to Tichy &
Chytry (2006) to compile the lists of di-
agnostic species for each relevé group
derived from the TWINSPAN analysis.
To select diagnostic species, we set an
arbitrary threshold value of 0.32, which
provided a list of diagnostic species for
more than one group that allows the de-
tection of species that link related relevé
groups. Only those species were consid-
ered as diagnostic that showed a signifi-
cant concentration in the respective vege-
tation unit at « = 0.05 according to
Fisher’s exact test (Chytry et al. 2002).

To analyse floristic similarities between
the vegetation units, relevés were pooled
within groups and the mean value of the
percentage cover (absences not consid-
ered) and the percentage constancy of
each species in each vegetation unit was
calculated (importance value; Wikum &
Shanholtzer 1978). The resulting matrix
was analyzed using a non-metric multi-
dimensional scaling (nMDS) restricted to
two dimensions, to allow an easy visual
interpretation of the scatter plot (Lep§ &
Smilauer 2003, Leyer & Wesche 2007),
and measuring the distance between
groups according to the Bray-Curtis index
(Bray & Curtis 1957). This index was se-
lected because of its usual robustness
when ecological factors are measured
(Faith et al. 1987). The same procedure
was applied by using only the diagnostic
species. Both ordinations (considering all
species and only diagnostic ones) were
compared using procrustes rotation
(Peres-Neto & Jackson 2001, Olden &
Jackson 2001). The software Juice (Tichy
2002) was applied for the classification
analysis, the calculation of the phi coeffi-
cient of association, the testing of signifi-
cance levels, and the edition of the sum-
mary tables. Non-metric multidimensional
scaling (nMDS) and the procrustes rota-
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tion were performed in the computing
environment R (R Development Core
Team 2009), using the package “vegan”
(Oksanen et al. 2009).

Results and discussion

Vegetation units and diagnostic
species

We recorded 400 plant species in the 207
relevés. Of those species, 266 occur in
Kenya and 286 in Tanzania. Considering
the single localities, 206 species were re-
corded in Rumuruti (highland floodplain
in a semi-arid environment), 188 in Ma-
linda (lowland floodplain in a sub-humid
environment), 180 in Tegu, and 152 in
Lukozi (both highland inland valley sites).
Some 315 species were present in cropped
fields, 301 in fallow land, 116 in grazing
areas, and 111 in the unused wetland ar-
eas. According to the TWINSPAN classi-
fication, we obtained 15 relevé groups.
Ten of those groups include plots of a
single locality with its specific land use,
while the other groups cut across several
localities or land uses (Table 2). Consid-
ering a threshold value of 0.32 for the phi
coefficient, 147 diagnostic species were
selected for the different vegetation units
(Table 3). The number of diagnostic spe-
cies per vegetation unit ranged from 2
(groups 1 and 3) to 31 (group 5). The
relevé groups are described as follows:

Group 1: Typha capensis community
This group occurred in seven plots and
contained two diagnostic species: Epilo-
bium hirsutum and Typha capensis. This
is the only cluster containing exclusively
unused plots, distributed in both Tanza-
nian wetland types, the floodplain in Ma-
linda and the inland valleys in Lukozi
(Plate D). This vegetation unit has very
low species diversity, dominated by T.
capensis as the common pioneer for eu-
trophic wetland vegetation.

Group 2: Cyperus papyrus-Cyperus ex-
altatus community

The group was encountered in ten plots
and contained nine diagnostic species,
namely Cyperus exaltatus, C. papyrus,
Grangea maderaspatana, Heliotropium
indicum, H. steudneri, Ipomoea aquatica,
Mimosa pigra, Phragmites australis, and
Trianthema portulacastrum. This group
included bhoth fallow plots and unused
areas and was mainly associated with
oligotrophic permanently flooded sections
of floodplains (Plate E). The most impor-

tant diagnostic species C. papyrus reached
highest cover percentages in undisturbed
areas. Despite a low fidelity, Typha cap-
ensis was also occasionally encountered
in this community, mainly in areas ex-
periencing eutrophication. Other hydro-
phytes in this group include Ph. australis,
M. pigra, C. exaltatus and |. aquatica.
From the list of common species associ-
ated with papyrus swamps in Lake Na-
ivasha (Gaudet 1977), sole C. papyrus
was encountered in the present survey.
The occurrence of group 2 in fallow areas
of the lowland floodplain in Malinda was
associated with areas formerly used for
paddy rice production.

Group 3: Cyperus exaltatus-Callitriche
oreophila community

This group was encountered in five plots
and contained only two diagnostic spe-
cies: Callitriche oreophila and Cyperus
exaltatus. The group is dominated by
grazing areas, all located on the fringe of
the highland floodplain of Rumuruti. In
general, all species are representing strong
anthropogenic disturbances as indicated
by the dominance of C. exaltatus and the
ubiquitous perennial grass Cynodon dac-
tylon.

Group 4: Pennisetum mezianum-
Sporobolus pyramidalis community

This group occurred in ten plots with 13
diagnostic  species, namely Cycnium
adonense, C. tubulosum, Heliotropium
steudneri, Hyphaene compressa, Pennise-
tum mezianum, Pluchea dioscoridis, Sida
acuta, Sphaeranthus steetzii, Sporobolus
pyramidalis, Tragia furialis, Vernonia
amygdalina, V. colorata, and V. glabra.
The group includes plots that were either
used as grazing lands or left to fallow and
occurred mainly at the two floodplain
sites (Malinda and Rumuruti, see Plate C)
in semi-arid or sub-humid environments
and high densities of grazing cattle. The
presence of S. pyramidalis and some
woody species like S. acuta and H. steud-
neri are indicative of the heavy grazing
pressure. As in group 3, Cynodon dacty-
lon was frequently associated and some-
times dominating the plots.

Group 5: Pentodon pentandrus-Leersia
hexandra community

Group 5 was encountered in 29 plots.
With 31 diagnostic species, this group
was the most diverse vegetation unit
(mean species richness of 29). Diagnostic
species comprised Abildgaardia bu-
chananii, Acmella uliginosa, Asystasia
gangetica, Azolla pinnata, Basilicum

Biodiversity & Ecology 4 2012



polystachyon, Cyperus distans, C. lati-
folius, C. laxus, Dryopteris inaequalis,
Eclipta prostrata, Enicostema axillare,
Ethulia conyzoides, Euphorbia hirta, Fi-
cus sur, Fuirena umbellata, Hibiscus
cannabinus, Ipomoea aquatica, I. sinen-
sis, Leersia hexandra, Ludwigia oc-
tovalvis, Melanthera scandens, Melochia
corchorifolia, Panicum maximum, Pento-
don pentandrus, Pluchea dioscoridis,
Rhus pyroides, Sesbania speciosa, Sor-
ghum arundinaceum, Torulinium odora-
tum subsp. auriculatum, Vigna vexillata,
and Zehneria scabra. This large species
diversity was also reflected in the diverse
land uses encountered here comprising
fallow plots, croplands, and unused areas.
However, all plots occurred in the low-
land floodplain of Malinda (Plate F),
characterized by a strong seasonality of
flooding. Consequently, diagnostic spe-
cies represented plants typical of an
aquatic habitats in the wet season (e.g. A.
pinnata, I. aquatica, L. octovalvis and
Cyperus spp.) as well as plants of dryer
environments typical during the dry sea-
son or located on the floodplain fringe
(e.g. I. sinensis, a savanna species accord-
ing to Bronner 1990). This group also in-
cludes diverse weed species typically as-
sociated with lowland rice (e.g. Leersia
hexandra) or occurring in small drainage
canals between field plots.

Group 6: Trifolium semipilosum-Sida
schimperiana community

This group occurred in seven plots and
comprised 13 diagnostic species: Aes-
chynomene schimperi, Cyathula uncinu-
lata, Crotalaria juncea, Croton megalo-
carpus, Echinochloa colona, E. haplo-
clada, Eragrostis tenuifolia, Panicum
coloratum, Sida schimperiana, Solanum
incanum, Sphaeranthus suaveolens, Tri-
folium  semipilosum, and Vernonia
poskeana. While this group was associ-
ated with all land uses, it dominated in
very wet fallow and grazing areas and
was restricted to the highland floodplain
site of Rumuruti. The vegetation unit is
dominated by grass species of humid en-
vironments and Trifolium. semipilosum.
Among the typical indicators for high soil
moisture are Echinochloa haploclada
(mentioned by Phillips 1930 as a typical
pioneer grass on moist alluvium) and
Sphaeranthus suaveolens (Gaudet 1977).
In addition, Croton megalocarpus is a
species of the Croton forest (Muasya et al.
1994), which together with other woody
species like A. schimperi, S. schimperi-
ana, and S. incanum are indicative of
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Table 2: Composition of the relevé groups according to the localities (a) and main

land uses (b).

Groups (a) Localities Plots per
Rumuruti Tegu Malinda Lukozi group
1 - - 3 4 7
2 2 - 8 - 10
3 5 - - - 5
4 2 - 8 - 10
5 - - 29 - 29
6 7 - - - 7
7 - 4 - - 4
8 22 - - - 22
9 2 38 - - 40
10 8 - 1 - 9
11 1 - 16 17
12 4 - - - 4
13 - - - 4 4
14 - - - 3 3
15 - - - 36 36
Total of plots 53 42 49 63 207
(b) Main land uses Plots per
Groups Cropping Fallows Grazing Unused group
lands lands fields
1 - - - 7 7
2 - 6 - 4 10
3 - 1 3 1 5
4 - 6 4 - 10
5 12 14 - 3 29
6 2 3 1 1 7
7 4 - - - 4
8 22 - - - 22
9 20 9 3 40
10 1 4 4 - 9
11 13 4 - - 17
12 4 - - - 4
13 - 1 - 4
14 1 2 - - 3
15 24 12 - - 36
Total of plots 103 62 18 24 207

overgrazing in wet environments (Bron-
ner 1990).

Group 7:  Sacciolepis  africana-
Oxygonum sinuatum community

Goup 7 was restricted to only four plots,
however with 22 diagnostic species: Aca-
cia mearnsii, Ageratum conyzoides, Ama-
ranthus blitoides, Bidens biternatus,
Commelina erecta, Crotalaria agatiflora,
C. lebrunii, Eragrostis tenuifolia, Galin-
soga quadriradiata, Haplosciadium abys-
sinicum, Justicia betonica, J. flava, Oxalis
corniculata, O. latifolia, Oxygonum sinu-
atum, Melinis repens, Phyllanthus ama-
rus, Physalis peruviana, Sacciolepis afri-
cana, Stellaria sennii, Tagetes minuta,
and Tephrosia villosa. While group 7
represents a very diverse vegetation unit
(mean species richness of 32) it is only
associated with maize or vegetable fields
in completely drained highland inland
valleys. The majority of the diagnostic
species in this cluster are typical upland
weeds, most of them classified as dry
bushland species (Bronner 1990), and

many originating from North and South
America (e.g. G. quadriradiata, P. peru-
viana and T. minuta).

Group 8: Sonchus oleraceus-Galinsoga
quadriradiata community

Group 5 was encountered in 22 plots but
with only five diagnostic species, namely
Crotalaria lebrunii, Galinsoga quadrira-
diata, Schkuhria pinnata, Sonchus ol-
eraceus, and Trifolium lugardii. Similar
to group 7, this cluster included only
croplands, however not from an inland
valley but rather the highland floodplain
of Rumuruti (Plate B). Many of the diag-
nostic species are also typical upland
weeds and the two naming species of the
cluster (S. oleraceus and G. quadrira-
diata) are characteristic of weed commu-
nities in Europe (Oberdorfer 2001).

Group 9: Hydrocotyle sibthorpioides
community

This is the largest cluster group, encoun-
tered in 40 plots and comprising 23 diag-
nostic species: Acmella caulirhiza, Agera-
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tum conyzoides, Ammannia baccifera,
Lythrum rotundifolium, Coelachne afri-
cana, Crassocephalum vitellinum, Cype-
rus esculentus, Dichondra repens, Galium
aparinoides, Gymnanthemum  auricu-
liferum, Hydrocotyle sibthorpioides, Kyl-
linga brevifolia, K. pumila, Lantana
camara, Ludwigia abyssinica, Oxalis cor-
niculata, Panicum trichocladum, Pycreus

nigricans, Rorippa nasturtium-aquaticum,
Sida ovata, Stellaria sennii, Trifolium
rueppellianum, and Triumfetta flavescens.
This group occurs in all land uses, how-
ever with a predominance of upland field
crop plots located in inland valleys (Plate
A). Some of the diagnostic species are
typical upland or fallow weeds (e.g. A.
conyzoides), while the majority are repre-

sentative in wet grasslands (e.g. D. re-
pens, H. sibthorpioides, Kyllinga spp. and
L. rotundifolium) and Panicum trichocla-
dum is typical for pioneer grass communi-
ties in moist, oligotrophic alluvial soils
(Phillips  1930). In contrast, Panicum
maximum has a broader ecological spec-
trum ranging from the savanna to lower
forest regions (Bronner 1990).

Plate: Pictures of some of the sampled fields in the small wetlands from Kenya and Tanzania.

A: Landscape of the Tegu wetland showing in foreground ataro field (Colocasia esculenta), commonly colonized by the
Hydrocotyle sibthorpioides community (Photo M. Alvarez).

B: Field of maize (Zea mays) in Rumuruti with the weeds of the Sonchus oleraceus-Galinsoga quadriradiata community

(Photo M. Alvarez).

C: Grassland dominated by Sporobolus pyramidalis in Malinda. Characteristic of this wetland is the doum palm (Hyphaene
compressa) with branched trunks. In the background the Usambara Mountains are visible (Photo M. Alvarez).

D: Terrace on the fringe of a Typha capensis stand in Lukozi. In the foreground (left corner) Polygonum usambarensis with
its characteristic dark pink flowers can be seen (Photo M. Alvarez).

E: Cyperus papyrus stand in Rumuruti with signs of clearcut and trampling by grazing animals (here mainly cattle) (Photo

M. Alvarez).

F: Rice paddies in Malinda. In the background there are also individuals of bananas (Musa paradisiaca), coconut palms
(Cocos nucifera), and mangoes (Mangifera indica) (Photo M. Alvarez).
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Table 3: Summary table of the relevé groups showing the constancy (left) and the fidelity (right) of the plant species. Only posi-
tive fidelity values (phi coefficient) are shown. Also non-significant fidelity values (according to a Fisher’s exact test at a = 0.05)
are skipped. The table is shortened, excluding non-diagnostic species (companions). Diagnostic species (values grey-shaded)
were selected applying a threshold of phi 2 0.32.

(a) percentage frequency

Relevé group 1 2 3 4 5 6 7 8 9 10 11
Nr. of relevés 7 10 5 10 29 7 4 22 40 9 17
Mean nr. of species 3 12 8 18 29 27 32 27 32 13 16
Nr. of diagnostic species 2 9 2 13 31 13 22 5 23 3 7
Diagnostic species of single groups

Group 1: Typha capensis community

Epilobium hirsutum 43 . . . .
Typha capensis 100 60 10 38 24
Group 2: Cyperus papyrus -Cyperus exaltatus community

Cyperus papyrus 100 40 34 43 . 5 .
Trianthema portulacastrum 50 .10 . . .8
Phragmites australis 50 20 3

Heliotropium indicum 30 10 .

Mimosa pigra 30 0 7 .

Grangea maderaspatana 20 9

Group 3: Cyperus exaltatus -Callitriche oreophila community

Callitriche oreophila 20

Group 4: Pennisetum mezianum -Sporobolus pyramidalis community

Pennisetum mezianum . . 50

Vernonia colorata .10 50 .

Hyphaene compressa 50 10

Vernonia glabra . . 60 . . . . .
Sporobolus pyramidalis . 10 90 24 . 14 13 22 29
Cycnium tubulosum . . 40 14 .
Vernonia amygdalina . 10 40 5 11
Sida acuta . 20 . . . . .
Sphaeranthus steetzii 30 70 24 43 32 18 22 .
Tragia furialis 20 . 6
Cycnium adonense 20 11
Group 5: Pentodon pentandrus -Leersia hexandra community

Pentodon pentandrus 76

Melanthera scandens . 69

Ethulia conyzoides 30 69

Abildgaardia buchananii . 45

Basilicum polystachyon 10 52

Ipomoea sinensis 10 48

Ficus sur 31

Acmella uliginosa . . 28 . . . .

Azolla pinnata . 10 38 . . .8

Fuirena umbellata 24

Enicostema axillare . . .24 . . . .

Cyperus distans . 10 20 45 . . .3

Eclipta prostrata .28 . . . 5

Hibiscus cannabinus 10 31

Panicum maximum 20 38 . . .

Sorghum arundinaceum 20 38 . . 5

Sesbania speciosa 21

Melochia corchorifolia 21

Euphorbia hirta .21 . . . .
Asystasia gangetica 10 34 . . 5 5 .
Ludwigia octovalvis 38 14 5 11
Zehneria scabra . 38 29 5 .
Cyperus laxus 10 41 25 24
Tor_ul|n|um odoratum subsp. 10 24 3
auriculatum

Dryopteris inaequalis 10 24 . . . 5

Rhus pyroides 14 . . . . .
Vigna vexillata . 4 14 25 5 15 11 .
Cyperus latifolius . 20 28 . . . . . 6
Leersia hexandra 20 10 97 86 100 91 9 . 6
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Table 3 (continued).

(a) percentage frequency
9 10 11 12 13 14

Relevé group 1 2 3 4 5

Diagnostic species of single groups

6

Group 6: Trifolium semipilosum -Sida schimperiana community

Sida schimperiana .

Trifolium semipilosum 20 20
Solanum incanum 10
Panicum coloratum 40 .
Aeschynomene schimperi . 10 10
Sphaeranthus suaveolens 0 . . .
Vernonia poskeana 20 20 21
Cyathula uncinulata 20 . .
Echinochloa haploclada 40 10 7
Crotalaria juncea

Croton megalocarpus .
Echinochloa colona 10

43
100
43
57
43
29
86
29
57
14
14
43

Group 7: Sacciolepis africana-Oxygonum sinuatum community

Acacia meamnsii
Sacciolepis africana
Commelina erecta . . . . .
Tephrosia villosa . . . .7
Bidens biternatus
Phyllanthus amarus
Physalis peruviana
Justicia flava
Amaranthus blitoides . . . . .
Crotalaria agatiflora . . . .3
Oxalis latifolia

Melinis repens

Oxygonum sinuatum

Justicia betonica

20

20 52
34

10

Group 8: Sonchus oleraceus -Galinsoga ciliata community
Trifolium lugardii .
Sonchus oleraceus 20
Group 9: Hydrocotyle sibthorpioides community

Hydrocotyle sibthorpioides .
24

Panicum trichocladum

Dichondra repens .

Lythrum rotundifolium . . . .7
Trifolium rueppellianum . . . 10 .

Kyllinga pumila . . . .3
Crassocephalum vitellinum 10 .

Rorippa nasturtium-aquaticum 10
Acmella caulirhiza . 24
Ludwigia abyssinica 20 41

Triumfetta flavescens

Galium aparinoides

Kyllinga brevifolia .
Ammannia baccifera . . . .7
Pycreus nigricans

Coelachne africana
Gymnanthemum auriculiferum
Sida ovata

Cyperus esculentus e
Lantana camara . . . .7

20

Group 10: Hygrophila auriculata community
Hygrophila auriculata

Acacia elatior

Cirsium vulgare

70

14

29

71

43

14
57
14

14

7

25

75
100
50
50
50
100
100
50
100
50
100
25
100
25

75
25

25

50

25

8

41

27
18

14
36
59

14

64
14
18
64

18
95

14
23

23

14

13
45

63
13
23

30

20
65
10

53
63

35

58

95
73
48
70
65
25
55
70
73
55
18
18
15
28
18
25
13
13
28
18

11
11
11
22
11
11

11

11

11
11

33
33
22

25

6

50

. 25
12
25
18

75

50

18 .
25

25

25

25

25

50

50
50

50

67

33

67

33

33

33
33

17

11

56
19
61

17

14

5

6

56
54
49
47
40
39
38
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38
37
37
34

7
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49
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Table 3 (continued).

(a) percentage frequency

Relevé group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1 2
Diagnostic species of single groups

Group 11: Chenopodium opulifolium -Haplosciadium abyssinicum community

Amaranthus graecizans . 11 47 . . . 6| -
Brachiaria deflexa 14 . . . 88l . . .3 -
Commelina africana 3 5 . .41 .22 -
Dactyloctenium geminatum 13 11 65 . . 67 42| -
Ambrosia maritima 12 . . . -
Group 12: Portulaca oleracea-Amaranthus hybridus community

Conyza bonariensis 25 -
Veronica anagallis-aquatica . 25 -
Hibiscus diversifolius 5 25 -
Crambe hispanica 5 25 -
Chloris pilosa . 5 25 -
Chenopodium ambrosioides 10 . 32 50 28| -
Dalbergia melanoxylon 10 . 25 -
Acacia seyal . . . . . . 11 25 -
Cyperus dives 20 20 7 29 . 9 22 . 50 . . -
Portulaca oleracea 20 10 17 43 95 3 22 76 100 25 67 94| --
Group 13: Paspalum vaginatum -Chenopodium murale community

Chenopodium murale . 14 . . . . 6 100 . 36| -
Paspalum vaginatum 43 14 . 9 13 . . . 100 . 6 (|25
Stellaria media . 25 10 11 6 25 100 50| --
Polygonum aviculare 14 50 . 17| -
Rumex usambarensis 50 33 11| --
Group 14: Gnaphalium unionis var. rubriflorum community

Alectra sessiliflora 12 67 19| --
Gnaphalium unionis var. rubriflorum 10 29 . . 5 41 25 100 8 | -
Pimpinella anisum . 3 . |-
Plantago palmata . . .41 . 67 22| -
Trifolium campestre 18 3 22 25 67 14| --
Group 15: Eleusine indica-Haplosciadium abyssinicum community

Setaria verticillata 5 35 25 25 . 64| -
Rumex nepalensis . . . 6 . 33 44| -
Eleusine indica 10 25 27 13 59 75 33 81| -
Scabiosa columbaria 14| -
Common diagnostic species of two or more groups

Cyperus exaltatus 90 100 30 7 29 . .5 11 12 . . . 3| - 48
Heliotropium steudneri 60 40 10 - 54
Ipomoea aquatica 50 . 45 - 48
Pluchea dioscoridis 10 40 34 . . - -
Eragrostis tenuifolia 10 43 50 5 5 . -
Galinsoga quadriradiata 57 100 82 68 50 . R B R
Crotalaria lebrunii 50 45 10 25 . . -
Stellaria sennii . 75 14 50 . . . A
Oxalis corniculata . . 14 100 27 70 25 25 33 .| -
Ageratum conyzoides 40 79 43 100 23 85 25 . . 8| -
Tagetes minuta 29 100 41 23 . 7% . . 44 -
Schkuhria pinnata 29 50 11 . 75 . . |-
Chenopodium opulifolium . . 82 25 . . 50| -
Datura stramonium .29 . 23 3 18 75 100 33 61| -
Amaranthus hybridus 28 14 50 68 25 76 100 . 67 97| -
Malva parviflora . 5 3 35 100 67 83| --
Chenopodium album 14 . . 9 3 6 25 75 58| --
Haplosciadium abyssinicum 10 100 5 30 88 25 67 100| --

Group 10: Hygrophila auriculata com-
munity

This group comprised nine plots and three
diagnostic species: Acacia elatior, Cir-
sium vulgare, and Hygrophila auriculata.
This group occurs in fallows and grazing
lands during the dry season as well as in
the dry fringes of floodplains. Besides the
diagnostic species, Cynodon dactylon and
Cyperus rotundus are typically associated
and frequently dominant species in this
community.
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Group 11: Chenopodium opulifolium-
Haplosciadium abyssinicum community
This vegetation unit was encountered in
17 plots with seven diagnostic species:
Amaranthus graecizans, Ambrosia mari-
tima, Brachiaria deflexa, Chenopodium
opulifolium, Commelina africana, Dacty-
loctenium geminatum, and Haplosciadium
abyssinicum. All plots were located in dry
or completely drained fields that were
either intensively cropped or had been
abandoned to fallow after extended peri-
ods of cropping. Accordingly, diagnostic

3

(b) phi coefficient x 100

4 5 6 7 8 9 10 11 12 13 14 15
- - - -~ 57 - -
- - - ~ 47 - -
- - - -~ 46 - 22
- - ] - 23
- - - -~ 33 - -
- - - - 49 - -
- - - - 49 - -
- - - - 44 - -
- - - - 44 - -
- - - - 44 - -
- 24 - 2 - 20
- - . . 40 - -
- - - - 39 - -
- - - - - 35 - -
- 32 - 21 3 - 31
- - - - 78 23
- - - - 71 -
- - - 63 26
- - - 53 - 13
- - - 48 - 5
- - - ~- 65 14
- - ~ 20 ~ 65 -
- - - - - -~ 56 -
- - ~ 31 ~ 55 13
- - - — - - 51 -
- - - 2 - 47
- - - - 45
- - ~ 24 - 38
- - - - 36
33 - - - - - -
~ 42 - - - - -
40 33 - - - - - -
- - 36 43 - - - - -
- - 47 36 27 - - -
- - 39 3 - - - -
- - 61 - 38 - - -
- - 54 - 34 - - -
32 - 44 - 3B - - -
- - 52 13 - - 36 - 16
- - - 33 - - 55 - -
- - - 63 - - 35
- - - - 33 49 25
— 19 ~ 23 36 - 35
- - - - - 54 43
- - - 50 37
- - 43 - -~ 36 - 43

species were typical upland weeds associ-
ated with intense vegetable cultivation.

Group 12: Portulaca oleracea-
Amaranthus hybridus community

Group 12 was encountered in four plots
with 14 diagnostic species: Acacia seyal,
Amaranthus hybridus, Chenopodium am-
brosioides, Chloris pilosa, Conyza bon-
ariensis, Crambe hispanica, Cyperus
dives, Dalbergia melanoxylon, Datura
stramonium, Hibiscus diversifolius, Por-
tulaca oleracea, Schkuhria pinnata,
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Tagetes minuta, and Veronica anagallis-
aquatica. The group includes exclusively
irrigated croplands from the Rumuruti
floodplain fringe, mostly cultivated with
maize. Accordingly, many of the diagnos-
tic species are annual upland weeds,
originating from North and South Amer-
ica (A. hybridus, C. bonariensis, D. stra-
monium, S. pinnata, and T. minuta). Also
some weed species of Eurasian origin
were associated with this unit (C. abro-
sioides, C. hispanica, P. oleracea, and V.
anagallis-aquatica). Like Portulaca ol-
eracea most species are indicating dry
conditions or the savanna ecological zone.

Group 13: Paspalum vaginatum-
Chenopodium murale community

This group was encountered in four plots
with eight diagnostic species: Cheno-
podium album, C. murale, Datura stra-
monium, Malva parviflora, Paspalum
vaginatum, Polygonum aviculare, Rumex
usambarensis, and Stellaria media. Group
13 is representing a dry grassland vegeta-
tion and is only encountered in dry graz-
ing lands or fallow plots of the completely
drained inland valleys in Lukozi. Despite
the prevalence of dicotyledonous weed
species, the dominance of Paspalum
vaginatum gives to this community the
physiognomy of grassland vegetation.

Group 14: Gnaphalium unionis var.
rubriflorum community

Group 14 occurred in only three plots and
contained five diagnostic species, namely
Alectra sessiliflora, Gnaphalium unionis
var. rubriflorum, Pimpinella anisum,
Plantago palmata, and  Trifolium
campestre. This small group (2 fallows

and 1 cropland) is restricted to the Lukozi
wetland. It represents weed communities
in less intensive cultivation, especially in
fallows. The naming taxon G. unionis var.
rubriflorum is also mentioned for mon-
tane forests in the north of Kenya (Byte-
bier & Bussmann 2000).

Group 15: Eleusine indica-
Haplosciadium abyssinicum community
Group 15 is the second largest cluster
with 36 plots and nine diagnostic species:
Amaranthus hybridus, Chenopodium al-
bum, C. opulifolium, Eleusine indica,
Haplosciadium abyssinicum, Malva par-
viflora, Rumex nepalensis, Scabiosa
columbaria, and Setaria verticillata. This
group is dominated by croplands but in-
cludes also some fallows, all located in
the inland valley Lukozi. All diagnostic
species are typical weeds, many of them
originating from Eurasia (C. album, C.
opulifolium, S. columbaria, and S. verti-
cillata). Also some species common from
grasslands are selected as diagnostic spe-
cies of this unit, for example E. indica and
S. verticillata (Phillips 1930). The domi-
nant species here are A. hybridus and Ga-
linsoga parviflora, but the second species
is not selected as a diagnostic one.

Ordination analysis and geo-
graphical distribution of plant
communities

According to the ordination analysis using
all the species, only the weed communi-
ties tend to be aggregated, most of them
appearing in the upper right side of the
nMDS configuration, with the exception
of the relevé groups 5, 8 and 9 (Fig. 2a).

Group 1 (Typha capensis community)
appears isolated from the rest of the
communities due to its strong floristic
dissimilarity and to its low species rich-
ness. The distribution pattern in this ordi-
nation follows only partially the sorting of
the groups in the summary table. If we
consider only diagnostic species (Fig. 2b),
we cannot detect big changes in the
nMDS configuration, although in this case
we are only considering 37% of all de-
tected species. This fact suggest that the
companion species (non diagnostic) are
randomly distributed in the all the com-
munities and do not have a big impact in
the floristic similarities. The stress value
of the nMDS is less than 0.13 in both or-
dinations, which is considered as rela-
tively low (Backhaus et al. 2006).

The classification of the relevés as well
as the nMDS configuration was strongly
influenced by the geographic location,
which is probably the most important fac-
tor determining the species composition
of the communities. We therefore calcu-
lated the centroids of the wetlands using
the nMDS coordinates of the relevé
groups and the frequency of each wetland
(Fig. 2b). The distribution of the commu-
nities along the wetlands was irregular,
many communities were resticted to sin-
gle wetlands, and none of the communi-
ties occurred in all wetlands (Table 4).
The variability of plant communities was
highest in the Rumuruti floodplain and
lowest in the inland valleys of Tegu. The
richness on plant communities seems to
be influenced by both the wetland size
and the diversity in land uses and proba-
bly land use intensities.

Table 4: Plant communities described in this work and their presence in the sampled wetlands (Ru: Rumuruti, Te: Tegu, Ma: Ma-

linda, Lu: Lukozi).

Group Community of...

Ru Te Ma Lu

Typha capensis

WN -

Wetland vegetation

Cyperus papyrus-Cyperus exaltatus
Cyperus exaltatus-Callitriche oreophila

Grassland vegetation

4 Pennisetum mezianum-Sporobolus pyramidalis
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Weed communities

Sonchus oleraceus-Galinsoga quadriradiata

Chenopodium opulifolium-Haplosciadium abyssinicum

6  Trifolium semipilosum-Sida schimperiana
10 Hygrophila auriculata
13 Paspalum vaginatum-Chenopodium murale
5 Pentodon pentandrus-Leersia hexandra
7 Sacciolepis africana-Oxygonum sinuatum
8
9 Hydrocotyle sibthorpioides
11
12  Portulaca oleracea-Amaranthus hybridus
14  Gnaphalium unionis var. rubriflorum
15

Eleusine indica-Haplosciadium abyssinicum

. + +

+ +

+

+ +

+

+ + .
+

. +

. +

+ .

+ +

+ +

+ .
+
+
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Plant communities and land
uses

Considering the physiognomy and the
dominant land uses, we recognize three
sets of plant communities: wetland semi-
natural vegetation, grassland vegetation,
and weed communities (Table 4). The
three species giving the names to the
communities of semi-natural vegetation
(Typha capensis, Cyperus papyrus and C.
exaltatus) are the most important diagnos-
tic species and potential characteristic
species of a syntaxa of high rank (alli-
ance, order or class). Although those
communities are more or less linked
through the mentioned diagnostic species,
they appear much dispersed in the nMDS
configuration, because those communities
are sharing only few diagnostic species.
In the case of the Cyperus papyrus-
Cyperus exaltatus community, we can
recognize visually in the vegetation ma-
trix (data not shown) two sub-groups,
which were not discriminated by TWIN-
SPAN, namely plots dominated by C. pa-
pyrus and missing all other diagnostic
species with the exception of C. exaltatus,
and plots where C. papyrus appears with
very low abundance, accompanied by Ty-
pha capensis In a further intent to define
associations, we should split this group
into the two mentioned sub-groups.

According to our field observations, the
stands dominated by papyrus alone repre-
sent a more natural situation, while stands
of C. papyrus with T. capensis are more
disturbed and show signs of eutrophica-
tion. Since all studied wetlands are tem-
porarily flooded, semi-natural communi-
ties of floating or submersed plants, like
those studied by Harper et al. (1995) are
not detected in this survey.

In a schematic way Kamiri (2010) pro-
posed sequences of disturbance or use
intensity for each locality mentioning the
respective plant communities. The classi-
fication of the plots in this work does not
give a complete matching with those hy-
pothetical communities. In attention to
this, we modify the scheme of disturbance
grades under near-permanent flooding
conditions, starting with low disturbed
communities like those dominated by Ty-
pha capensis or Cyperus papyrus (sub
group included in the group 2), the next
level of disturbance in both cases is re-
lated to the Cyperus papyrus-Cyperus ex-
altatus community, characterized by a
high constancy of both naming species
plus T. capensis, the third level is a vege-
tation dominated by C. exaltatus
(group 3), and advanced levels are indi-
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Fig. 2: Configuration of the nMDS showing floristic similarities between relevé
groups (numbered as in Table 3). The nMDS analysis was restricted to two dimen-
sions, using Bray-Curtis index as distance metric. The same analysis was applied to
the vegetation matrix including all species (a) and only diagnostic species (b). The
second ordination diagram was rotated by using the Procrustes method. Centroids
of the localities were calculated for the second nMDS configuration, weighting the
coordinates by the constancy of relevés from those wetlands. Stress factors: a =

12.78%, b = 10.86%.

cated by Leersia hexandra (e.g. Pentodon
pentandrus-Leersia hexandra commu-
nity). No syntaxonomical proposals are
made for the assignment of papyrus
swamps to a syntaxon of high level (class
or order). According to the physiognomy
but also the floristic composition those
communities may be related to the class
Phragmito-Magno-Caricetea Klika in
Klika & V. Novak 1941 (Mucina 1997).
The unused plots of the wetland in
Tegu were not discriminated in the

TWINSPAN classification and included
in the Hydrocotyle sibthorpioides com-
munity. Probably the high intensity of
cultivation and the small size of this wet-
land resulted in a high disturbance of the
few unused plots. There were also fre-
quent introgressions of weed communities
from directly adjacent plots into the wet-
land plant communities.

Neither fallow plots nor grazing fields
appear to be forming discrete vegetation
units, suggesting a continuous species
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turnover between both land uses. It was
difficult to differentiate between grazing
lands and fallows, particularly as most
fallow lands were also used for occasional
grazing. We recognized four relevé
groups as typical grassland vegetation
(Table 4) as they were generally close in
the nMDS configuration (Fig. 2), with the
exception of the Paspalum vaginatum-
Chenopodium murale community. No
published floristic studies on weed vege-
tation in Kenya or Tanzania exist to date.
Thus further studies on the use of weed
species as indicators of soil conditions
and cropping intensity are required. While
the present set of weed communities ap-
pears well agglomerated in the nMDS
configuration, many of the diagnostic
species are spread across other communi-
ties. Since the Pentodon pentandrus-
Leersia hexandra community is the only
one growing under longer periods of
flooding in lowland rice paddies, its flo-
ristic differences with other weed com-
munities are due to the environmental
conditions contrasting with the otherwise
drained fields. The Pentodon pentandrus-
Leersia hexandra community shares di-
agnostic species with groups 2 (Cyperus
papyrus-Cyperus exaltatus community)
and 4 (Pennizetum mezianum-Sporobolus
pyramidalis community), all occurring
within the lowland floodplain. In this last
set, many diagnostic species are men-
tioned as characteristic for weed vegeta-
tion in Europe (Pott 1995, Ellenberg
1996, Oberdorfer 2001), and the most im-
portant chorological groups are Eurasia
and South and North America. Those
plants are mixed in the communities with
native species, which also behave as typi-
cal weeds. A more detailed survey should
elucidate the relation of these vegetation
units with the European weed communi-
ties, especially those belonging to the
class Stellarietea mediae Tx. et al. ex von
Rochow 1951 (Mucina 1997, Rodwell et
al. 2002).

Calculating the mean Bray-Curtis val-
ues of pairwise comparisons, we find a
high heterogeneity within relevé groups,
with all values ranging bellow 50% of
similarity (data not shown). This hetero-
geneity can be justified through the high
variability of disturbance through crop-
ping or other land uses, which is influenc-
ing partially the species composition but
especially the relative distribution of
abundance values. Additional factors af-
fecting the heterogeneity of the vegetation
are the seasonality of the studied phyto-
coenoses (due to flooding dynamics and
cropping) and the heterogeneity of condi-
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tions within plots, especially in croplands,
where wet furrows are alternated with dry
mounds. Both factors (temporal and spa-
tial variability) explain the co-occurrence
of dryness and humidity indicators in the
relevés. In attention to this and the fact
that a reference syntaxonomical scheme is
missing, we retain the definition of the
relevé groups shown here as plant com-
munities (rankless syntaxa). As typical of
wetland vegetation, semi-natural stands
are relatively poor in plant species
(Chambers et al. 2008). Agricultural use
of the fields together with disturbances in
the soil water balance, especially by
mound cultivation (typical of Tegu), ter-
race construction (in Lukozi) or drainage
(in all wetlands) result in an increase of
the species richness due to introgression
of plants from the neighboring uplands as
well as through the introduction of weeds.

Conclusions and outlook

According to the results presented here,
we can classify the vegetation of small
wetlands in East Africa floristically into
15 plant communities (Syntaxa without
specific rank). While undisturbed areas
are associated with only few species,
more disturbed stands have higher species
richness. A strong floristic relationship is
exhibited by weed communities, while
semi-natural vegetation is dispersed in the
nMDS configuration, suggesting a high
heterogeneity  between  communities.
However, neither ordination analysis nor
selected diagnostic species show clear
enough linkages to vegetation units to be
used as reference for a hierarchical syn-
taxonomic classification. More vegetation
surveys as well as the extension of
SWEA-Dataveg as a regional database
will contribute to the establishment of a
baseline of a syntaxonomic classification
of wetlands in Africa.
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