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Healthy populations of wildlife require quality forage sufficiently available in both space and time. The herba-
ceous vegetation around rift valley lakes in Tanzania varies along productivity, disturbance and stress gradients. 
We have analysed herbaceous vegetation communities and ascertained the nature of their association with en-
vironmental variables around Lake Manyara in Kwakuchinja Wildlife Corridor. The transect method was used 
for sampling vegetation data. Environmental variables including soil pH, available soil phosphorus, distance 
from the lakeshore, bare soils, soil water, soil salinity and soil total nitrogen were used as possible explanatory 
variables. Ordination was used to assemble the herbaceous plant communities and relate with the determined 
environmental variables. The Shannon-Wiener Index was employed to determine species diversity in each plant 
community. The results revealed three distinct grassland communities named after the dominant and subdomi-
nant species: Sporobolus spicatus, Sporobolus ioclados – S. spicatus and Cynodon dactylon. The Monte Carlo 
Permutation test revealed that soil pH, available soil phosphorus, distance from the lakeshore and bare soil 
significantly correlated with herbaceous plant community assemblages. The indices of plant species richness 
and diversity reflected the influence of soil saturation gradients on plant communities. This study contributes to 
understanding spatial patterns of herbaceous plant communities around alkaline-saline lakes of the Gregory rift 
valley in East Africa. It also reveals an association between plant community structures with varying edaphic 
gradients. We conclude that our study forms the basis for monitoring herbaceous plant community change based 
on determined environmental variables in the corridors of wildlife conservation areas.
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Introduction
Wildlife management and pastoralism are 

prime economic activities in semi-arid grasslands 
around eastern rift valley lakes in East Africa 
(Yanda & Madulu, 2005; Homewood et al., 2012). 
Persistence of these grasslands as foraging areas 
for ungulates requires land use planning for live-
stock rearing and/or wild herbivores management. 
There is a need to analyse the herbaceous vegeta-
tion in these areas to be able to answer some im-
portant ecological questions. These questions are 
whether there are spatial variations in herbaceous 
species composition and the determinants of such 
variation. Gradient analysis is an important ap-
proach to spatially and temporally describe large-
scale and local variations in plant community 
composition. Such patterns of variation in vegeta-
tion have been attributed to variation in resource 
availability, such as soil nutrients, water and light 
(Connel & Orias, 1964; Scholes & Walker, 1993; 
Gaston, 2000; Golodets et al., 2013), disturbanc-
es such as herbivory and trampling (Augustine & 
McNaughton, 1998; Wüest et al., 2018), stress 
such as extreme pH and salinity (Begon et al., 

2006; Li & Pennings, 2019) and interactions be-
tween productivity factors and disturbances (Wil-
son & Tilman, 2002; Aarrestad et al., 2010). The 
relationship between environmental variables and 
species diversity and richness can be explained 
by intermediate disturbance and productivity hy-
potheses (Grime, 1973; Huston, 1979; Cornwell 
& Grubb, 2003). These hypotheses predict a uni-
modal pattern with stress and competitive exclu-
sion reducing diversity at extreme environmental 
conditions. Maximum diversity and richness oc-
cur at intermediate levels of disturbance and pro-
ductivity. Rangeland fire, grazing and browsing 
are examples of disturbance whereas soil nutri-
ents represent productivity (Holdo et al., 2009). 
Thus, co-existence of herbaceous plant species 
is dependent on plant community productivity, 
levels of disturbance and stressors as they regu-
late the vigor of competitively dominant species 
(Cornwell & Grubb, 2003).

Soil properties such as nutrients, water con-
tent, pH and salinity also determine the variation 
in plant species richness, diversity and plant com-
munity composition (Scholes & Walker, 1993; 
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Begon et al., 2006). Soil nitrogen and phosphorus 
are soil macronutrients, which play a major role 
in primary productivity. They are important nutri-
ents and often the limiting factors for productivity 
in the tropical grasslands. Nutrients` concentra-
tion also influences the impact of herbivory on 
plants, and plant responses to herbivory (Bryant 
et al., 1983). In the dry tropics, where evapora-
tive loss of water is high, soil water content is 
an important factor in determining primary pro-
ductivity (Milchunas & Lauenroth, 1993). Soil 
water determines mineralisation rate and soil nu-
trient mobility, hence making nutrients available 
to plants (De Neve & Hofman, 2002). Water also 
influences physical structure and plant communi-
ty composition of the arid and semi-arid savanna 
(Scholes & Walker, 1993). 

Begon et al. (2006) explained extreme soil pH 
and salinity as environmental stressors, which in-
fluence plant species composition, richness and di-
versity. Extreme pH affects soil nutrients and min-
eral mobilisation reducing plant productivity and 
hence influencing plant community assemblage. 
High acidity can increase the concentration of 
Mn2+, Fe3+ and Al3+ to toxic levels; whereas high al-
kalinity fixes Fe3+, PHO43+ and Mn2+ in a relatively 
insoluble state, and hence unavailable to plants 
(Larcher, 2003). Extreme levels of salinity are ex-
pected in arid and semi-arid areas due to water loss 
from the soil through evaporation, which leads to 
an accumulation of crystalline salts on the soil sur-
face. Flooding of banks of sodic lakes and shallow 
ground water tables may be other factors contrib-
uting to high soil salinity adjacent to such lakes. 
High soil salt concentration interferes with plant 
osmosis, resisting nutrients and water absorption 
from the substrate (Van Langevelde et al., 2003; 
Begon et al., 2006). It is nutritive costly to toler-
ate such harsh conditions and hence only adapted 
herbaceous plants tolerate and survive in the men-
tioned areas influencing diversity, richness, domi-
nance and other plant community characteristics.

The aim of this study was to assess the varia-
tion of herbaceous vegetation in relation to gradi-
ents of environmental variables in grasslands ad-
jacent to Lake Manyara in Kwakuchinja Wildlife 
Corridor (KWC). Specifically, we aimed to (i) as-
sess variation in herbaceous plant species diversi-
ty, species richness and plant community compo-
sition, and (ii) determine the best environmental 
predictors of herbaceous species variation. We 
hypothesised that herbaceous plant richness and 
diversity would be (i) positively related to the dis-

tance from the shore of Lake Manyara, soil total 
nitrogen, available soil phosphorus and soil water 
concentration, and (ii) negatively related to soil 
pH, density of ungulate faeces, soil electric con-
ductivity (EC) and bare soil. We also predicted 
that soil-related predictors would be more influ-
ential than herbivory-related predictors.

Material and Methods
Study area
KWC is located in Northern Tanzania with-

in the Maasai steppe in East Africa. It is located 
between 3.593889°–3.800556°S and 35.80583°–
35.99028°E. It covers 240 km2 and shares a border 
with Manyara Ranch to the north, Mswakini vil-
lage to the northeast, Tarangire National Park to 
the east, Burunge Wildlife Management Area to 
the southeast, Vilima Vitatu village to the south-
west and Lake Manyara to the west. A large pro-
portion of this area was gazetted to form Burunge 
Wildlife Management Area, a type of Protected 
Area where wildlife management is under the 
custodianship of villages. The area is located in 
an inland drainage basin with an altitude range of 
960–1200 m a.s.l. Lake Manyara is a saline alka-
line rift valley lake with solute concentration lev-
els influenced by the seasonal weather variations. 
The area is bisected by the Great North Highway. 
The focal area for this study was on the eastern 
side of Lake Manyara (Fig. 1). 

KWC is located in the semi-arid climatic 
zone with mean annual rainfall of 600 mm. The 
annual mean monthly temperature is 27°C with 
rainfall from November to mid-May and a long 
dry season from June to October (Pratt & Gwyn-
ne, 1977). The area is characterised by plain soils 
with light colour, in association with black, poor-
ly drained clay soils. 

KWC connects Lake Manyara National Park 
and Tarangire National Park, forming part of the 
Tarangire – Manyara ecosystem. The high pH 
level of Lake Manyara’s water is caused by alka-
line volcanic bed rocks commonly produced by 
many volcanoes in East Africa (Yanda & Madulu, 
2005). Since human settlement and agriculture 
are prohibited close to Lake Manyara and inside 
Burunge Wildlife Management Area, common 
wildlife such as Phacochoerus africanus ma-
saicus Lönnberg, 1908, Connochaetes taurinus 
Burchell, 1823, Aepyceros melampus Lichten-
stein, 1812, and Equus quagga Gray, 1824, as 
well as livestock such as cattle, goats and sheep, 
use the area for grazing and drinking.
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Fig. 1. Map of Africa (bottom left inset) showing the location of Tanzania (top left inset) and Lake Manyara (enlarged map). 
The study area was along the eastern side of Lake Manyara within the Kwakuchinja Wildlife Corridor where five transects (in 
the shaded strip) were laid.

Data collection
Vegetation data collection
We established five line transects running from 

west to east, perpendicular to the shoreline of Lake 
Manyara. The length of each transect was 950 m, 
along which we made twenty sampling plots of 
5 × 5 m each. These sampling plots were 50 m from 
each other and we collected vegetation data from 
four randomly selected 1 × 1 m quadrats within each 
plot. The distance between transects was 3 km. In 
each 1 × 1 m quadrat, we identified the herbaceous 
plants to species level and counted the total num-
ber of herbaceous plant species (Ghazanfar, 2006; 
Oudtshoorn, 2012; The Plant List, 2013; POWO, 
2020), determined their abundance by counting 
individual shoots, and visually estimated the per-
centage of bare soil. In case of prostrate plants, 
we counted tillers to determine the abundance. To 
control the variation and avoid pseudo-replication 
we used the average scores from the four quadrats 
in each plot for further analysis. We determined 
the distances between sampling plots using a tape 
measure and distance between transects using hand 
held Global Positioning System device. We used a 
5 × 5 m grid made of polythene ropes to subdivide 
sampling plots into 1 m2 quadrats. 

Density of ungulate faeces
We estimated the density of ungulate faeces 

within the 5 × 5 m sampling plots by counting the 
number of pellet groups or dung pats. This work 
involved counting faeces during a setting of 25 m2 
plots, clearing the plots of faeces on the same day 
and a revisit ten days later to count pellet groups and 
dung heaps. Thus, the density referred to here is the 
number of fecal pellet groups or dung pats deposited 
during a period of ten days in a 25 m2 plot.

Soil sampling and chemical analysis
For capturing data on soil pH, soil total nitro-

gen, available phosphorus, soil water concentration 
and soil electric conductivity, we made one 10 cm 
deep and 7.6 cm wide soil core using an auger, in 
each of the four quadrats used to collect vegetation 
data. We thoroughly mixed soil samples from the 
four quadrats to make a single composite sample 
for each sampling plot. We weighed soil samples 
using an electronic balance in the field. Samples 
were air dried, appropriately labeled and stored 
in plastic sampling bags. Sample labels included 
transect number, sample plot number and GPS 
waypoints to ensure appropriate identification of 
samples during analysis. We sent all soil samples 
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for analysis to the Agricultural Research Institute 
(ARI) Mlingano in Tanga, Tanzania. At ARI, all 
soil samples were sieved using a 2 mm sieve before 
chemical analyses. Soil pH, both in distilled water 
and in KCl, was analysed using a pH meter. How-
ever, we used only pH in KCl in the statistical anal-
yses. To calculate soil moisture concentration, the 
difference between the fresh weight of the soil, and 
weight after 12 h oven drying of samples at 105°C, 
was determined. Assessment of soil samples for 
available soil phosphorus (mg/kg) was conducted 
colourimetrically with auto-analyser by extraction 
using sodium bicarbonate since all soil pH in water 
ranged from neutral to alkaline (Olsen et al., 1954). 
The total soil nitrogen was determined using the 
macro-Kjeldahl technique. Electric conductivity 
was determined using 1:2.5 soil: water suspension 
ratio (Bremner & Mulvaney, 1982; Jones, 2018).

Data analysis
Species abundance in four 1 × 1 m quadrats 

from each sampling plot were averaged and only 
one value, the mean abundance per 1 m2, was 
used per plot. All environmental variables origi-
nated from the 5 × 5 m sampling plots. Since in 
this study, one of the interests was the impact of 
ungulates in general on herbaceous vegetation, we 
did not separate the density of faeces to individual 
ungulate species during analysis. 

Ordination of plant species data
In order to identify plant communities, we per-

formed multivariate analyses using CANOCO ver-
sion 4.56 (ter Braak & Šmilauer, 2002). Ordination 
summarises complex multivariate data by produc-
ing diagrams, which show clusters of samples. It 
can also associate species data with environmental 
variables (Gauch, 1982; McGarigal et al., 2013). 
We used an indirect analysis that showed the total 
variation of species data to identify sample clusters 
while overlaying predictors to explain their rela-
tions with species data (Jongman et al., 1995).

Before actual analysis, we conducted a model 
selection after establishment of the nature of spe-
cies response to environmental variables. We de-
termined the length of gradient, which was higher 
than the threshold value of 4 implying a unimod-
al model in the subsequent analysis (Lepš & 
Šmilauer, 2003). We assessed outliers and realised 
that one sample had only one species (Sporobolus 
sanguineus Rendle) which occurred in very few 
other samples. Therefore, we down weighed the 
sample to remove the influence of outlying sam-

ple. Furthermore, we log transformed the data 
(log+1) to control for a large variation of abun-
dance values (0.25–245.50) and corrected for ze-
ros in the data frame. We did not detect the horse-
shoe effect during diagnosis. We maintained all 
aforementioned data transformations throughout 
the analyses. We used Canonical Correspondence 
Analysis (CCA) to create an ordination graph for 
plant community clusters. To improve the clarity 
of graphs we used different colours and symbols 
on samples representing different clusters in the 
final ordination graph. We used only species data 
and environmental variables, not including co-
variables. Only significant environmental vari-
ables were used on the CanoDraw.

Determination of significant environmental 
predictors of plant communities

We performed CCA to statistically test the re-
lationship between species data and environmental 
variables (Lepš & Šmilauer, 2003). To test for the 
importance of environmental variables, we used 
manual forward selection with simulations using 
Monte Carlo Permutation tests. Statistical testing 
was done using this simulated data to make it free 
from any statistical assumption of response distri-
bution. We performed 499 unrestricted permutation 
tests, which is a default setting in CCA. This analy-
sis resulted into marginal values, which are Lambda 
(λ), i.e., the amount of variation which is explained 
by individual predictors, and significance tests (p 
and F values). Further tests involved determining 
the influence of each environmental variable when 
other variables are included in the model (condition-
al values given). All statistically significant predic-
tors were included in the model and the total amount 
of variation explained was determined. 

Description of plant communities
Herbaceous plant communities were described 

based on untransformed field data. We rearranged 
the species file as per plant community indicated 
by Canonical Correspondence Analysis, calculated 
species richness within plant communities, the total 
species abundance and diversity. Species richness 
in the plant community refers to the total number 
of species in a cluster of samples, while species di-
versity was a result of the Shannon-Wiener Index.

Results
This study used a total of 100 samples, 30 

plant species and eight environmental variables. 
Out of 100 samples used, only 94 were active 
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samples and six samples had no plant species. 
The analysis used a unimodal response of herba-
ceous plants to environmental variables in KWC. 
The collected and analysed environmental vari-
ables explained a very high proportion of varia-
tion in the species data, as shown by the sum of 
all canonical eigen-values of 0.82. 

Herbaceous plant communities 
Three distinct clusters of samples representing 

three herbaceous plant communities in the study 
area were revealed. The first and second axes had 
eigen-values of 0.59 and 0.40, and species-envi-
ronmental correlation of 0.71 and 0.44, respec-
tively. The plant communities were named after 
dominant species, subdominant species, if any, and 
vegetation form. We defined dominant species as 
the most abundant species in the plant community 
and subdominant species were other species con-
tributing more than 40% of the plant community’s 
total abundance. The plant communities identified 
were Sporobolus spicatus grassland, Sporobolus 
ioclados – S. spicatus grassland and Cynodon dac-
tylon grassland (Fig. 2).

Plant communities description
The three identified plant communities were 

characterised by differences in species dominance, 
abundance, diversity, richness and species unique-
ness (Table 1). These plant communities were thor-
oughly described using various plant community 
characteristics as indicated below.

Sporobolus spicatus grassland
This plant community was characterised by 

Sporobolus spicatus (Vahl) Kunth as a dominant 
species, appearing in all samples. The only unique 
species in this plant community was Portulaca ol-
eracea L., an annual succulent plant in the fam-
ily Portulacaceae. Sporobolus spicatus is a clonal 
grass in the family Poaceae, possessing short tillers 
and a spike inflorescence. There was no subdomi-
nant species in this plant community. Other species 
with high frequency were Cyperus alatus subsp. 
albus (Nees) Lye, Cyperus rotundus L., Sporobolus 
ioclados (Nees ex Trin.) Nees. This plant commu-
nity was negatively correlated with the distance 
from Lake Manyara shore, bare soil and available 
soil phosphorus. It was positively related to pH 
(Fig. 2). Sporobolus spicatus grassland contained 
a lower species richness and lower diversity than 
Sporobolus ioclados – S. spicatus grassland and 
Cynodon dactylon grassland (Table 1).

Sporobolus ioclados – S. spicatus grassland
This is a plant community with Sporobolus io-

clados as a dominant and Sporobolus spicatus as a 
subdominant species. Sporobolus ioclados is a tufted 
Poaceae, rarely a stoloniferous plant, flourishing well 
in alkaline, saline and arid environments. Justicia fla-
va (Forssk.) Vahl and Urochloa eminii (Mez) Davidse 
were unique species in this plant community. Other 
frequently encountered species in this plant commu-
nity were Cyperus rotundus, Cyperus alatus, Chloris 
gayana Kunth, Dactyloctenium aegyptium L. (Wild), 
Chloris pycnothrix Trin, Vernonia galamensis (Cass.) 
Less., Sporobolus africanus (Poir.) Robyns & Tournay, 
and Cynodon dactylon (L.) Pers. The plant community 
was positively correlated with the distance from Lake 
Manyara shore and with available phosphorus (Fig. 2). 
This herbaceous community had the highest species 
diversity and intermediate species richness (Table 1). 

Fig. 2. Canonical Correspondence Analysis triplot diagram axis 
1 (horizontal) and 2 (vertical) with significant environmental 
variables in the Kwakuchinja Wildlife Corridor. Coloured 
symbols correspond to sample clusters identified. Yellow 
diamonds are Sporobolus spicatus grassland, green circles 
are Sporobolus ioclados – S. spicatus grassland, and black 
squares are Cynodon dactylon grassland. Triangles represent 
species points. The blue star is a down-weighed outlier sample. 
Environmental variables are presented using red arrows where 
BS – Bare soil, DL – distance from Lake Manyara shore, pH 
– soil pH, and AP – available soil phosphorus. Acronyms of 
scientific names of plants are indicated in Appendix.
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Table 1. Description of herbaceous plant communities in Kwakuchinja Wildlife Corridor
Parameter Sporobolus spicatus grassland Sporobolus ioclados – S. spicatus grassland Cynodon dactylon grassland

Total samples 66 22 5
Species richness 16 21 24
Species diversity (Hʹ) 0.56 1.99 1.91

Dominant species Sporobolus spicatus
Sporobolous ioclados

Cynodon dactylon
Sporobolous spicatus

Frequent species Portulaca oleracea Justicia flava
Solanum incanum
Sesbania sericea

Unique species Portulaca oleraceae
Justicia flava Solanum incanum
Urochloa eminii Sesbania sericea

Other species

Cyperus alatus Cyperus rotundus Cyperus rotundus
Cyperus rotundus Cyperus alatus Vernonia galamensis
Sporobolus ioclados Chloris gayana Digitaria milanjiana

Dactyloctenium aegyptium Sphaeranthus suaveolens
Chloris pycnothrix Ocimum gratismum
Vernonia galamensis Diplachne fusca
Sporobolus africanus Dactyloctenium aegyptium

Cynodon dactylon
Chloris gayana
Sporobolus ioclados
Odyssea paucinervis

Cynodon dactylon grassland
This plant community is dominated by Cynodon 

dactylon. The plant community occurs in patches 
amidst an expanse of the other two plant communi-
ties. Areas occupied by this plant community were 
along small and seasonal freshwater shallow pools 
or drains recharged by rainfall. This plant community 
had less bare soil than the other two grassland com-
munities. Sesbania sericea (Wild.) Link. and Solanum 
incanum were unique species in this plant community. 
Other species were Cyperus rotundus, Vernonia gala-
mensis, Digitaria milanjiana (Rendle) Stapf, Sphaer-
anthus suaveolens DC., Ocimum gratissmum Willd, 
Diplachne fusca (L.) P. Beauv. ex Roem. & Schult., 
Dactyloctenium aegyptium (L.) Wild., Chloris gay-
ana, Sporobolus ioclados, and Odyssea paucinervis 
(Nees) Staph. The plant community was positively 
related to available phosphorus and the distance from 
Lake Manyara shore and negatively related to pH and 
percentage bare soil (Fig. 2). More forbs were found 
in Cynodon dactylon grassland than in the other two 
plant communities. The species richness and diver-
sity were higher in Cynodon dactylon grassland than 
in Sporobolus spicatus grassland (Table 1).

Association of environmental predictors to 
plant communities 

Marginal values from forward selection using 
CCA and the Monte Carlo Permutation test indicated 
that six environmental variables were significantly cor-
related with variation in the species data (Table 2). The 
variables included were soil pH, available soil phos-
phorus, bare soil, soil water concentration, electric con-
ductivity and the distance from the lake shore (p = 0.002 
for all). Conditional values obtained during model se-

lection reduced the number of significant predictors to 
four, i.e. soil pH, available soil phosphorus, bare soil 
and the distance from the lake shore, explaining 54.4% 
of all variation (Table 2). Thus, soil moisture concen-
tration, electric conductivity, density of ungulate faeces 
and soil total nitrogen were not significant predictors 
and therefore not included in the ordination graph.

Discussion 
This study demonstrated that herbaceous vegeta-

tion in grasslands around the shore of Lake Manyara 
can be grouped into three distinct plant communities 
dominated by different plant species. The three plant 
communities are related to the examined significant 
environmental variables. In line with our prediction, 
species diversity and richness were positively related 
to the distance from the lake shore and available soil 
phosphorus. This was signified by the fact that Spo-
robolus spicatus grassland, which occurred close to 
the lake shore, had lower available soil phosphorus. 
Similarly, this plant community had lower species 
richness and diversity than Sporobolus ioclados – S. 
spicatus and Cynodon dactylon grasslands commu-
nities. Plant communities with high species diversity 
and richness had lower soil pH and percentage of the 
cover of bare soil (Table 1; Fig. 2) as per our predic-
tion. Except for the distance from the lake shore, the 
remaining three significant predictors were related 
to soil characteristics making soil properties more 
important predictors for herbaceous vegetation than 
herbivore-related predictors as hypothesised (Table 
2). Contrary to our expectation, the percentage of 
soil water, electric conductivity, density of ungulate 
faeces and soil total nitrogen were not significantly 
related to the herbaceous vegetation (Table 2). 
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Table 2. Canonical Correspondence Analysis statistical test results for environmental variables in Kwakuchinja Wildlife Area

Environmental variables
Marginal values Conditional values

Lambda (λ) p value F value Lambda (λ) p value F value
Soil pH in KCl 0.25 0.002 5.47 0.25 0.002 5.65
Available soil phosphorus 0.19 0.002 4.2 0.11 0.002 2.51
Bare soil 0.16 0.002 3.53 0.1 0.002 2.38
Soil water concentration 0.16 0.002 3.53 0.07 0.072 1.6
Electric conductivity 0.13 0.002 2.89 0.06 0.092 1.48
Distance from lake shore 0.12 0.002 2.69 0.09 0.012 1.99
Total nitrogen 0.05 0.318 1.04 0.04 0.336 0.95
Density of ungulate faeces 0.03 0.696 0.68 0.04 0.486 0.92
Note: Significant p values at α = 0.05 are in bold; Lambda (λ) and F-values shown.

Sporobolus ioclados – S. spicatus grassland 
and Cynodon dactylon grassland communities 
had virtually similar species diversity, i.e. 1.99 
and 1.91 respectively. These two plant commu-
nities represented a relatively higher diversity 
than the Sporobolus spicatus community. The 
former two plant communities occurred in areas 
of similar soil characteristics, further away from 
the lake. This implies that extreme soil chemi-
cal conditions close to the lake shore negatively 
affect plant growth, reducing both abundance 
and species evenness of the Sporobolus spicatus 
community. Low mineral nutrients availability 
affects plant biomass production, ultimately re-
ducing plant species richness (Ghazanfar, 2006; 
Luna et al., 2016). The findings are related to 
studies which suggested that some semi-arid 
herbaceous plant communities suffer from such 
a condition, leading to slow growing, long-lived 
and small-sized plants like Sporobolus spicatus 
(Golodets et al., 2013). Herbaceous plant com-
munities with their characteristic species indi-
cate underlying environmental conditions. For 
instance, S. spicatus herbaceous plant commu-
nities dominated close to Lake Manyara. This 
finding is supported by a study conducted in 
Lake Bogoria National Reserve in Kenya (Onk-
ware, 2000). Sporobolus spicatus, dominating 
in the two plant communities, is a clonal and 
short grass capable of tolerating an alkaline 
environment. Comparatively, the difficulty for 
un-adapted species to colonise the hypoxic and 
nutrients-poor soil conditions contributes to a 
lower species diversity in this plant community 
(Luna et al., 2016). 

Findings by Scholes & Walker (1993), 
Milchunas & Lauenroth (1993), Craine et al. 
(2008), Aarrestad et al. (2010) showed that in 
the tropics, soil properties can influence vege-

tation stronger than herbivore-related variables. 
This may explain the relationships between 
plant communities, soil pH, electric conductiv-
ity and available soil phosphorus levels in this 
study. Although the available soil phosphorus 
was low close to the lake shore as a result of a 
high pH, generally high levels of phosphorus in 
other areas in KWC may be explained in two 
ways. Firstly, KWC lies on the Manyara volca-
nic paleo lake bed, with subsequent lacustrine 
sedimentation forming a series of phospho-
rites and bioturbated silty layers (Mutakyahwa, 
2002; Bachofer et al., 2014). These ancient 
processes may have made KWC relatively rich 
in phosphorus (Mubyana et al., 2003; Yanda 
& Madulu, 2005). Repeated grazing of Equus 
quagga and Connochaetes taurinus can further 
enhance phosphorus concentration in plant bio-
mass (Harrison & Bardgett, 2008).

An extremely high soil pH is an important 
stressor in grasslands around Lake Manyara. 
Most soil samples close to the lakeshore were 
alkaline with a decline in pH further away from 
the lake shore. Samples with a high percentage 
of bare soil also had high pH readings, prob-
ably due to the deposition of solutes on the soil 
surface following evaporation. Importantly, the 
high pH value interferes with nutrients uptake 
in the soil and ultimately affects the plant com-
munity structure (Larcher, 2003; Begon et al., 
2006; Golodets et al., 2013; Li & Pennings, 
2019). A high soil pH may also be a function of 
bare soil since there was a prevalence of high 
pH and salinity in soil samples collected from 
the sampling plots with a high percentage of 
bare soil (Begon et al., 2006).

As one would expect in areas with a long 
evolutionary history of grazing, indices of ungu-
late use of the study area as explained by density 
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of ungulate faeces had low explanatory power 
on plant species composition. This may be due 
to the fact that in these habitats short grasses 
compete only for soil resources, with occupation 
of above ground space maximised horizontally. 
Sporobolus spicatus and Cynodon dactylon are 
clonal grass species with a network of stolons 
and rhizomes connected over a large area. These 
species form a network of ramets sharing and re-
allocating resources to overcome damage caused 
by grazing and trampling (Wilsey, 2002). These 
results are in line with the findings by Milchu-
nas & Lauenroth (1993) and Wüest et al. (2018) 
who also reported little influence of grazers on 
plant community composition. Species which 
are not tolerant to grazing, such as many dicot 
herbs, may be eliminated with an increased her-
bivory pressure influencing plant community 
assemblage in the area (Milchunas et al., 1988; 
Makhabu et al., 2002).

Conclusions
We have seen that herbaceous vegetation in 

KWC riparian grassland in Northern Tanzania 
forms three distinct plant communities. These 
plant communities vary in species composition, 
dominance and uniqueness, species richness 
and diversity. Supporting a unimodal response 
of herbaceous plant species to environmen-
tal variables, findings of this study conform 
to most of our predictions. The fact that four 
environmental variables correlated with varia-
tions in plant communities, signifies a careful 
choice of predictors for the study. However, the 
number of herbaceous plant species identified 
in this area is lower than in tropical semi-arid 
savanna areas, a phenomenon which could be 
explained by the prevalence of alkaline soils 
that may limit the number of species tolerating 
those conditions. Our study forms the basis for 
monitoring herbaceous vegetation changes in 
these important wildlife habitats.
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СООБЩЕСТВА ТРАВЯНИСТОЙ РАСТИТЕЛЬНОСТИ
В ОКРЕСТНОСТЯХ ОЗЕРА МАНЯРА (ТАНЗАНИЯ):

РЕАКЦИЯ НА ГРАДИЕНТЫ ОКРУЖАЮЩЕЙ СРЕДЫ

Г. А. Мсейа, Б. Б. Фураэль, Г. Дж. Лякурва, Э. Г. Мартин

Колледж управления дикой природой Африки, Танзания
e-mail: galfred@mwekawildlife.ac.tz, bbenjamin@mwekawildlife.ac.tz,

glyakurwa@mwekawildlife.ac.tz, emartin@mwekawildlife.ac.tz
Благополучные популяции диких животных нуждаются в качественных кормах, достаточно доступных как в 
пространстве, так и во времени. Травянистая растительность вокруг озер рифтовой долины в Танзании разли-
чается в зависимости от продуктивности, степени нарушения и градиентов стресса. Мы проанализировали со-
общества травянистой растительности и выяснили характер их связи с переменными окружающей средой во-
круг озера Маняра в Коридоре дикой природы Квакучинья. Для сбора данных о растительности использовался 
метод трансект. В качестве возможных объясняющих переменных были взяты экологические переменные, 
включая pH почвы, содержание доступного фосфора в почве, расстояние от берега озера, обнаженные почвы, 
содержание воды в почве, засоленность почвы и общее содержание азота в почве. Для построения сообществ 
травянистых растений и выявления связи с определенными переменными окружающей среды был использо-
ван метод ординации. Индекс Шеннона-Вивера был использован для определения видового разнообразия в 
каждом растительном сообществе. Результаты выявили три различных травянистых сообщества, названных 
по доминирующим и субдоминирующим видам: сообщество Sporobolus spicatus, сообщество Sporobolus iocla- iocla-iocla-
dos – S. spicatus и сообщество Cynodon dactylon. Пермутационный тест по методу Монте-Карло выявил, что pH 
почвы, содержание доступного фосфора в почве, расстояние от берега озера и обнаженные почвы значительно 
коррелировали с сообществами травянистых растений. Показатели видового богатства и разнообразия рас-
тений отражали влияние градиентов насыщенности почвы на растительные сообщества. Это исследование 
способствует пониманию пространственной структуры сообществ травянистых растений вокруг щелочных 
засоленных озер рифтовой долины Грегори в Восточной Африке. Это также показывает связь между струк-
турами растительного сообщества и различными эдафическими градиентами. Мы пришли к выводу, что дан-
ное исследование формирует основу для мониторинга изменений сообществ травянистых растений на основе 
определенных переменных окружающей среды в коридорах заповедников дикой природы.

Ключевые слова: CANOCO, Коридор дикой природы Квакучинья, метод Монте-Карло, симуляция, 
характеристическое число

Appendix. Herbaceous plants in Kwakuchinja Wildlife Corridor, acronyms and families.
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No Plant species name Acronym Family
1 Achyranthes aspera L. Ac a Amaranthaceae
2 Aristida adscensionis L. Ar a Poaceae
3 Chloris gayana Kunth Ch g Poaceae
4 Chloris pycnothrix Trin. Ch p Poaceae
5 Cynodon dactylon (L.) Pers. Cy d Poaceae
6 Cyperus alatus subsp. albus (Nees) Lye Cy a Cyperaceae
7 Cyperus laevigatus L. Cy l Cyperaceae
8 Cyperus rotundus L. Cy r Cyperaceae
9 Cyperus tenax Boeckeler Cy t Cyperaceae
10 Dactyloctenium aegyptium (L.) Wild. Da a Poaceae
11 Digitaria milanjiana (Rendle) Stapf Di m Poaceae
12 Diplachne fusca (L.) P.Beauv. ex Roem. & Schult. Di f Poaceae
13 Heteropogon contortus (L.) P.Beauv. ex Roem. & Schult. He c Poaceae
14 Justicia flava (Forssk.) Vahl Ju f Acanthaceae
15 Ocimum gratissimum L. Oc g Labiatae
16 Odyssea paucinervis (Nees) Staph Od p Poaceae
17 Portulaca oleracea L. Po o Portulacaceae
18 Sesbania sericea (Willd.) Link Se s Leguminosae
19 Solanum incanum L. So i Solanaceae
20 Sphaeranthus suaveolens DC. Sh s Asteraceae
21 Sporobolus africanus (Poir.) Robyns & Tournay Sp a Poaceae
22 Sporobolus consimilis Fresen. Sp c Poaceae
23 Sporobolus ioclados (Nees ex Trin.) Nees Sp i Poaceae
24 Sporobolus pyramidalis P.Beauv. Sp p Poaceae
25 Sporobolus sanguineus Rendle Sp n Poaceae
26 Sporobolus spicatus (Vahl) Kunth Sp s Poaceae
27 Talinum spp. Ta s Talinaceae
28 Tephrosia villosa (L.) Pers. Te v Leguminosae
29 Urochloa eminii (Mez) Davidse Ur e Poaceae
30 Vernonia galamensis (Cass.) Less. Ve g Asteraceae


