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Abstract Human disturbance, natural environmen-

tal conditions and seed dispersal are often inferred as

important drivers of plant community richness and

diversity in wetland ecosystems. However, plant

functional groups within a plant community have

different environmental requirements and may

respond differently to human disturbance. Therefore,

the understanding of the relative importance of these

variables in determining community and functional

groups richness and diversity is important for

improved management and wise use of wetland

resources. We collected data on vegetation and envi-

ronmental conditions, human disturbance and seed

dispersal from 60 plots of 20 9 50 m, to identify

variables that potentially affect total species richness

and Shannon-Wiener diversity of the grassland plant

community at the Kilombero Valley wetland, Tanza-

nia. We further tested whether important predictor

variables for species richness and Shannon-Wiener

diversity differ among graminoid, forb and shrub

functional groups. Overall, our results suggest that

environmental conditions, human disturbance and seed

dispersal determine spatial variation in species rich-

ness and Shannon-Wiener diversity of the grassland

vegetation. The total richness and Shannon-Wiener

diversity and the richness of shrubs decreased with

distance from the Kilombero River, whereas the total

Shannon-Wiener diversity and the Shannon-Wiener

diversity of graminoids decreased with the increase in

grazing intensity. Shrub species richness was related to

the spatial position of plots and decreased with total

organic carbon of soil. Current increase in human

disturbances through cattle husbandry and changes in

natural environmental conditions (e.g. through water

diversion and drainage) should be discouraged in order

to restore and sustain biodiversity of the Kilombero

wetland.

Keywords Plant functional groups � Wetland

grasslands � Anthropogenic disturbance � Shannon
index � Kilombero � Tanzania

Introduction

Both natural environmental conditions and human-

mediated disturbances, and their interactions, influ-

ence plant species abundance and diversity in wetland

ecosystems (Keddy 2010). Identifying and quantifying

these variables and their potential influences is central

to improve management and planning of wise use of
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wetland resources, especially in the tropics where

wetlands increasingly experience human exploitation,

hydrological modifications and climate changes (Ron-

goei et al. 2013). Because environmental conditions

and human disturbance vary spatially, these variables

affect plant diversity patterns differently across the

landscape (Koning 2005). Flooding is a key environ-

mental variable that affects species distribution and

diversity by reducing competitive exclusion. Thus,

flooding regime in wetland ecosystems regulates plant

community structure, particularly at the landscape

level (Pollock et al. 1998; Andrew 2014). At the local

level, human disturbances, such as livestock grazing,

and its interactive effects with flooding are important

drivers of plant community structure (Moran et al.

2008; Jones et al. 2011; Rongoei et al. 2013),

including plant densities and diversity patterns (Papa-

nikolaou et al. 2011). Any significant changes in these

factors or their interactions may therefore affect

species richness and consequently change ecosystem

resilience to environmental perturbations (Hooper

et al. 2005).

In addition to human disturbance and natural

environmental conditions, seed dispersal may also

influence the spatial variation in diversity across

wetland vegetation, due to differences in the distribu-

tion and temporal availability of plant propagules

(Merritt et al. 2010; Nilsson et al. 2010). In disturbed

and fragmented wetland systems where recruitment is

limited, seed dispersal through water may maintain

plant community species diversity (Nilsson et al.

2010). The influence of environmental conditions,

human disturbance and seed dispersal on species

diversity may not be consistent across wetlands due to

differences in frequency, intensity and scale of human

disturbances, and ecological attributes of species, such

as seed dispersal patterns and the regional evolution-

ary history (Pollock et al. 1998; Papanikolaou et al.

2011). Therefore, it is important both to understand the

isolated effects of human disturbance, natural envi-

ronmental conditions and seed dispersal variables on

plant species diversity, and any interaction effects of

these variables, for the successful management of

specific wetlands.

Many studies have examined the impact of human

disturbance, natural environmental conditions and seed

dispersal variables on community properties, but few

have focused on the relative contribution from these

factors on the diversity of plant functional groups. Plant

groups within a community may have contrasting

environmental requirements (Tiner 1993) and thus

respond differently to human disturbance. Therefore,

an understanding of factors influencing the spatial

variation in diversity of both functional groups and the

entire community is important for wetland manage-

ment. The overall objective of this study therefore is to

examine variables that potentially affect species rich-

ness and diversity (Shannon-Weiner, henceforth

termed diversity) of plant communities and assess if

these factors differ among functional groups in a

tropical freshwater wetland. Specifically we ask: (1)

What is the relative importance of environmental

conditions, human disturbance and seed dispersal in

determining total species richness and diversity? (2)Do

the relationship between species richness, diversity and

environmental conditions, human disturbance and seed

dispersal vary among graminoid, forb and shrub plant

functional groups?

Materials and methods

Study site

This study was conducted in the Kilombero Valley

Floodplain wetland, located in the Morogoro region,

southern-central Tanzania (8� 320 000 S, 36� 290 000 E;
Fig. 1). The Kilombero wetland is a high biodiversity

Ramsar site that covers an area of approximately

8,000 km2, with elevations between 210 and 400 m

a.s.l. (Wetlands International 2013). The wetland lies

between the Udzungwa Mountains and the Mahenge

escarpment and is the largest low-altitude inland

freshwater wetland in East-Africa. The area experi-

ences sub-humid tropical climate and receives a mean

annual rainfall of 1,200–1,400 mm (Kangalawe and

Liwenga 2005). Kilombero receives light and sporadic

short rains from December to February and a more

regular longer rainy season with more rain fromMarch

to June. Temperature typically varies between 20 and

30 �C (Mombo 2013). The Kilombero River, which

dissects the valley almost in the middle flows in the

SW-NE direction, floods annually between March and

June, and contributes to the ecohydrology and overall

biodiversity of the wetland. The dominant soils in the

valley are clay soils, which are inundated annually

during March-June and crack open during August-

October (Starkey et al. 2002).
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The Kilombero wetland is located adjacent to the

Greater Selous ecosystem (a World Heritage site) to

the east and the Udzungwa and Mikumi National

Parks to the north, and is thus important for seasonal

wildlife migrations. It is internationally recognized as

an important bird area (IBA) and could support more

than 20,000 water birds during the wet season

(Wetlands International 2013). At the interior of the

valley, there are high densities of large mammals such

as lions (Panthera leo), buffalos (Syncerus caffer),

elephants (Loxodonta africana), hippopotamus (Hip-

popotamus amphibious), common zebra (Equus

quagga) and puku antelopes (Kobus vardonii). Since

the Kilombero wetland has high soil fertility and year-

round available water, it supports diverse livelihoods,

including agriculture, livestock husbandry and fishing

(Kangalawe and Liwenga 2005; Mombo 2013).

However, the increasing influx of pastoralists and

farmers from other parts of Tanzania for water, good

pasture and land for crop production has raised

concern over the ecological integrity and sustainabil-

ity of the wetland (Starkey et al. 2002; Andrew 2014).

Starkey et al. (2002) identified at least 350 plant

species in the Kilombero wetland system. They also

characterized the vegetation along a distinct gradient

from the river channel to the mountains into riverside,

papyrus swamps, low-lying valley grasslands, tall

grasslands, marginal grasslands, marginal woodlands,

combretaceous wooded grasslands, and miombo

woodlands (Starkey et al. 2002). The marginal grass-

land community was chosen for this study because it

has a large area with a high level of human disturbance

and since it contains a significant proportion (33 %) of

the plant species recorded in the whole wetland

(Andrew et al. 2012). Marginal grasslands are situated

between tall and wooded grasslands near human

settlements. These grasslands are characterized by

short herbaceous vegetation and support at least 115

plant species, of which the invading weed species

Echinochloa colona (Poaceae) is dominant. Other

Fig. 1 The location of

Kilombero Valley wetland

in Morogoro region,

Southern-central Tanzania
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common graminoid species are Panicum scrobicula-

tum (Poaceae) and Digitaria velutina (Poaceae),

whereas Hygrophila auriculata (Acanthaceae) and

Chamaecrista mimosoides (Fabaceae) are common

forb species (Andrew et al. 2012). The marginal

grasslands are annually inundated during high waters,

but our plots were not inundated during the vegetation

survey.

Vegetation sampling

To investigate the potential influence of human

disturbance, natural environmental conditions and

seed dispersal on the total and plant functional group

richness and diversity, 60 plots of 20 9 50 m were

selected randomly in the different areas of the

marginal grasslands between February and March

2010.Within each plot, a table of random numbers and

compass bearings (1–360�) was used to locate twenty

(0.5 9 0.5 m) quadrats. Thus, 20 quadrats were

merged in each plot for the analyses. Plant cover and

species identities were recorded in each quadrat using

the point intercept method (Goodall 1952). A point

intercept Table (0.5 m long, 0.5 m wide and 0.5 m

high) was placed above each quadrat and a 0.003 m

diameter pin (0.8 m long) was inserted vertically

through 25 points spread uniformly on the grid, giving

a total of 500 pin hits per plot (25 points 9 20

quadrats). The cover of each species was estimated by

recording the number of contacts each species made

with the pin. We recorded all foliar contacts with the

pin, even if the same individual was in contact with the

pin more than once (Frank and McNaughton 1990).

Most plant species were identified in the field to

species level, and unidentifiable plants were collected,

pressed and sent to Arusha National Herbarium of

Tanzania for identification. In addition, we collected

voucher specimens for all species encountered in the

field and deposited them in the same herbarium. We

classified species into shrub, forb, graminoid and vine

functional groups, but because the vine group had few

individuals it was dropped in all functional group

analyses. Nevertheless, we included all the vine

species in the total community-level analyses.

Environment, disturbance and seed dispersal

We recorded human disturbance, natural environmen-

tal conditions and seed dispersal variables in each plot.

Elevation of plots was estimated by a hand held

calibrated global positioning system (Garmin 76Cx

GPS with vertical and horizontal accuracy of less than

10 m) at the centre of each plot. The distance between

plots and the Kilombero River was estimated using

ArcView GIS 3.3. We estimated the distance between

plots and three closest kraals (enclosures usually made

of wood materials for cattle protection) using a GPS

and used the mean distance in the analyses. We

estimated visually the distances between a plot and

nearest farm (agricultural field) and house. We used

dung density as a proxy for grazing intensity in the

20 9 50 m plots. We counted all cow dung within a

subplot of 4 9 4 m around each vegetation surveyed

quadrat (0.5 9 0.5 m). All dung recorded in twenty

4 9 4 m subplots was summed to obtain the density of

cow dung per plot. To obtain soil moisture and total

organic carbon content, we collected soils from the top

20 cm using a soil auger of 5 cm diameter. Twenty

soil cores per plot (taken from the centre of the

vegetation surveyed quadrats) were extracted and

bulked into one composite sample for further process-

ing. The analyses were conducted at the Department of

Forest Biology, Sokoine University of Agriculture,

Tanzania. To obtain soil moisture, the weight of the

fresh soil sample was measured and the sample then

oven dried at 105 �C to a constant weight and then

reweighed. Moisture content of the soil was presented

as a percentage of the dried soil weight. Prior to total

organic carbon analysis, the soil samples were air-

dried, crushed and passed through a\ 0.2-mm sieve

after removing all plant materials. Soil total organic C

was determined by the wet digestion method, follow-

ing Walkley and Black (1934). We used the spatial

position of the plots as a surrogate of seed dispersal.

To establish the spatial position of plots we overlaid all

the plots (using their geographical coordinates) on the

Google Earth map (http://earth.google.com) and con-

structed a perpendicular and a parallel line to the Ki-

lombero River on the same map. The respective

distances between plots and the two lines were sys-

tematically measured. The spatial position variables x

and y were the distances of plots from the constructed

perpendicular and parallel lines, respectively. Finally,

the x and y distances (henceforth referred to as x and y

spatial position variables), together with other

explanatory variables, were used to explain the spatial

variation in functional groups and community richness

and diversity.

398 Wetlands Ecol Manage (2015) 23:395–404

123

http://earth.google.com


Data analysis

To establish the relationship between total species

richness and diversity and natural environmental

conditions, human disturbance and seed dispersal

variables, we merged the data from the 20 quadrats

within each plot (n = 60). We established the rela-

tionship between functional group richness and diver-

sity and explanatory variables by using the sum of

contacts of species with the pin from 20 quadrats in a

plot within individual groups. We calculated the

number of species (S) and Shannon-Wiener index of

diversity (H0) (Kindt and Coe 2005) for the community

as a whole and for individual functional groups

(graminoids, forbs and shrubs). To obtain the number

of species in a community (total species richness), we

summed all the species present in the 20 quadrats in

each plot. Functional group richness was defined as the

sum of species recorded in each group from the twenty

quadrats per plot. The Shannon-Wiener index was

computed using the BiodiversityR package (Kindt and

Coe 2005). Before evaluating the relationship between

response and predictor variables, we standardized all

the predictor variables to reduce skewness in fre-

quency distribution and to improve homoscedasticity.

We brought all standardized predictor variables to a

range of 0–1 (Økland et al. 2001). However, dung

density and distance to kraal could not be transformed

to zero-skewness and were therefore transformed to

the lowest available skewness (Økland et al. 2001).

Because spatial positions of plots (x and y distances)

were correlated (Pearson product moment correlation,

r = 0.55, P\ 0.05) we only maintained variable y.

The spatial position of plot y was also strongly related

to elevation (r = 0.66, P\ 0.05), and we only used

variable y since the position of plots may contain more

important attributes for explaining the relationship

between our response and predictors. Consequently,

all remaining variables used in the analyses had

correlation coefficients \0.5 (Table 1). We used

generalized linear models (GLMs) to examine how

total and plant group richness and diversity is related

to predictor variables. Because our response data sets

had both count (e.g. number of shrub species) and

continuous data (e.g. diversity of graminoid species),

we ran GLMs with logarithmic link function and

Poisson distribution for count data, and used GLMs

with identity link function and normal distribution of

errors for continuous data (Crawley 2007). Models

were built using backward elimination of non-signif-

icant explanatory variables, starting with the full

model (Deviance, P = 0.05 and Akaike information

criterion (AIC)). We used standard diagnostic plots to

validate all final models and all the analyses were

performed using R statistical environment, version

13.2.1 (R Development Core Team 2011).

Results

Species richness and diversity

Of 115 recorded plant species, 52 were graminoids, 43

forbs, 17 shrubs and 3 vines. Overall, the average total

number of species in a plot was 11.88 (±3.52 SD) and

diversity was 1.61 (±0.41 SD). Species richness of

graminoids, forbs and shrubs were not related (in all

cases all P[ 0.05). Moreover, there were no signif-

icant relationships among diversity of graminoid, forb

and shrub species (in all cases all P[ 0.05). However,

within individual functional groups, the species rich-

ness correlated strongly with diversity in graminoids

(r = 0.75, P\ 0.001), forbs (r = 0.79, P\ 0.001)

and shrubs (r = 0.68, P\ 0.001).

Effects of human disturbance, environmental

conditions and seed dispersal

Total species richness and diversity were negatively

related to distance to river (Table 2; Fig. 2a,b) and total

species diversity was negatively related to dung density

(Table 2; Fig. 2c). Therewas no significant relationship

between total species richness and diversity and soil

moisture, total organic carbon, spatial position y and

distances to farm, house or kraal (Table 2). Richness of

shrub species was negatively related to distance to river

(Table 3; Fig. 2d) and related positively to the plot

position y (Table 3; Fig. 2e). There was a negative

relationship between richness of shrub species and total

organic carbon (Table 3; Fig. 2f). Species richness of

graminoids and forbs related marginally negatively to

distance to river, although this relationship was not

statistically significant (P = 0.072; Table 3). Soil

moisture, dung density and distances to house, farm

and kraal did not explain variation in richness of any

functional groups (Table 3). There was a negative

relationship between diversity of graminoid species and

dung density (Table 4; Fig. 2g). Soil moisture, spatial
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position y, total organic carbon, dung density and

distances to river, house, farm and kraal did not explain

the spatial variation in the diversity of forb and shrub

species (Table 4).

Discussion

Effects of human disturbance, environmental

conditions and seed dispersal

The Kilombero wetland harbours many plant species.

Consistent with other studies, we found that cattle

grazing activities related to species diversity of

grassland vegetation in the Kilombero wetland. Graz-

ing by domestic livestock can alter plant diversity and

overall community structure through biomass removal,

trampling and dung and urine depositions (Milchunas

and Lauenroth 1993; Olff and Ritchie 1998; Kohler

et al. 2004). In our study, diversity of graminoids and

total diversity related negatively to grazing intensity

(Table 2 and 4). Dung deposition and decomposition

may alter plant diversity and overall community

structure through endozoochorous seed distribution

and modification of site conditions (Dai 2000; Kohler

et al. 2004). In other grazing areas, seed banks contain

more seeds, and have a higher species richness and

diversitywhere dung density is high, and livestockmay

therefore change the structure of plant communities

(Malo and Suarez 1995). However, since diversity was

negatively related to grazing intensity in our study, it is

unlikely that seed dispersal by livestock is of major

importance for the spatial variation in plant species

richness and diversity at Kilombero. A possible

explanation for the negative relationship between

diversity and grazing intensity in our system is likely

to be the fertilization effect from dung, as also attested

by the total organic carbon content of the soil

Table 1 Pearson correlation coefficients for the variables used to explain spatial variation in richness and diversity of community

and plant functional groups at the Kilombero wetland, Morogoro, Tanzania

Plot

position y

Soil

moisture

Total

organic carbon

Distance

to river

Dung

density

Distance

to house

Distance

to farm

Spatial position

Plot position y (km)

Environmental

Soil moisture (%) 0.22

Total organic carbon (%) 0.33 0.11

Distance to river (km) 0.07 0.14 0.18

Human disturbance

Dung density (no./1,000 m2) -0.06 -0.03 -0.01 0.13

Distance to house (km) -0.02 -0.07 0.13 -0.32 -0.27

Distance to farm (km) 0.11 0.05 0.03 0.05 0.32 -0.17

Distance to kraal (km) 0.11 0.21 -0.08 -0.06 0.01 -0.02 0.02

Statistically significant correlations (P\ 0.05) are indicated with bold numbers. Units for predictor variables are indicated in

parentheses

Table 2 The relationship between total species richness and

diversity and human disturbance, environmental conditions and

seed dispersal variables at the Kilombero wetland, Morogoro,

Tanzania

Effects Estimate (b) SE t value P value

Total species richness

Distance to river -0.407 0.129 -3.165 0.002

Total species diversity

Distance to river -0.419 0.167 -2.504 0.015

Dung density -0.375 0.172 -2.180 0.033

Units for predictor variables and all the variables included in

the full models are shown in Table 1. Beta (b) is a regression

coefficient that shows the rate of change of total species

richness and diversity with respect to changes in predictor

variables (e.g. distance to river and dung density)

cFig. 2 The relationship of species richness and diversity (for

plant community and plant functional groups) and human

disturbance, environmental conditions and seed dispersal

variables at the Kilombero wetland, Morogoro, Tanzania. Only

significant (P\ 0.05) variables from GLMmultiple regressions

are shown
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(Table 3). Several studies (e.g. Gough et al. 2000;

Crawley et al. 2005) have shown that addition of

nutrients to soils, especially nitrogen and phosphorus,

changes the local nutrient balance, which consequently

may alter plant species richness and diversity. There-

fore, it is likely that the cumulative dung and urine

depositions in our system increase nutrient levels,

which favour certain species (e.g. nitrophilous species)

and ultimately decrease species diversity through local

competitive exclusion. In a meta-study on effects of

resource manipulation on diversity, productivity, spe-

cies interactions and succession, DiTommaso and

Aarssen (1989) concluded that nutrient addition gen-

erally decreased diversity.

Livestock grazing is a common land use in many

grassland ecosystems (Jones et al. 2011), and low to

intermediate grazing intensity may promote plant

species richness and diversity in pastures (Papaniko-

laou et al. 2011). However, intense removal of

biomass and trampling disturb and compact soils,

create gaps and reduce the vigour of some plant

species, which may promote the existence of others

(Jones et al. 2011). It is therefore possible that the

negative relationship between diversity and grazing

intensity also stems from the continual removal of

biomass and trampling by cattle. Creation of gaps and

reduction in competitive abilities of resident species

following intense removal of biomass and trampling

lead to the establishment of fast growing opportunistic

plant species (Bullock et al. 1995; Grime 2002). These

opportunistic species (e.g. Echinochloa colona) may

form monotypic stands and thus decreases plant

species richness and diversity through competition

for available space (Zedler and Kercher 2004).

Total species richness and diversity and richness of

shrubs decreased with distance from the river (Table 2

and 3). Distance from river is a complex variable

which is linked to flooding in wetland systems

(Andrew et al. 2012; Keddy 2010). Flooding deposits

litter, changes physical and chemical characteristics of

soils and affects nutrient availability (Moran et al.

2008). Thereby, it influences wetland plant species

richness and diversity (Lenssen et al. 1999; Keddy

2010). At Kilombero, annual flooding improves

physical and chemical environments where many

graminoid, forb and shrub species establish. However,

the extent and influence of flooding likely decrease

towards the margins of the Kilombero valley, which

thereby would be expected to result in decreased

herbaceous species richness and diversity away from

the river, although this relationship was clearly

demonstrated only for shrubs. Decreased flooding

towards the margins also results in increased abun-

dance, richness and diversity of species that are not

tolerant of high water levels, such as woody species

(Starkey et al. 2002; Andrew 2014).

The richness of shrub species was positively related

to the spatial position of plots (y) (Table 3). However,

initial analyses showed that the spatial positions of

plots (x) and (y) were correlated (r = 0.55), suggest-

ing that the richness of shrub species increases away

from the river and downstream. This suggests that seed

dispersal in water may contribute to the variation in

richness of shrub species downstream (Merritt et al.

2010; Nilsson et al. 2010) but not laterally. Moreover,

Table 3 The relationship between functional group richness

and human disturbance, environmental conditions and seed

dispersal variables at the Kilombero wetland, Morogoro,

Tanzania

Effects Estimate

(b)
SE t value P value

Graminoid species richness

Distance to river -0.299 0.167 -1.798 0.072

Forb species richness

Distance to river -0.461 0.257 -1.799 0.072

Shrub species richness

Distance to river -0.884 0.368 -2.403 0.016

Spatial position y 0.959 0.448 2.143 0.032

Total organic carbon -1.097 0.450 -2.438 0.015

Units for predictor variables and all the variables included in

the full models are shown in Table 1. Beta (b) is a regression

coefficient that shows the rate of change of species richness of

graminoids, forbs and shrubs with respect to changes in

predictor variables (e.g. distance to river and total organic

carbon)

Table 4 The relationship between functional groups diversity

and human disturbance, environmental conditions and seed

dispersal variables at the Kilombero wetland, Morogoro,

Tanzania

Effects Estimate (b) SE t value P value

Graminoid species diversity

Dung density -0.396 0.176 -2.256 0.028

Units for predictor variables and all the variables included in

the full models are shown in Table 1. Beta (b) is a regression

coefficient that shows the rate of change of total species

richness and diversity with respect to changes in dung density
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correlation analyses revealed that the spatial position

of plots (y) was related to elevation (r = 0.66),

indicating that most shrub species (e.g. Tephrosia

linearis and Lindenia oliveriana) occur at higher

elevations. It is possible that their lower tolerance to

inundation restricts their establishment to relatively

raised landforms within the grassland ecosystem of

Kilombero (Tiner 1993; Andrew et al. 2012).

We expected that richness and diversity of plant

functional groups would respond differently to envi-

ronmental conditions, human disturbance and seed

dispersal. However, our analyses showed that grami-

noids, forbs and shrubs responded similarly to the same

environmental variables. This suggests that, while each

functional group may be associated with a particular

environmental requirement at the local scale, it may be

associated with broader environmental factors (e.g.

flooding) at the landscape scale (Koning 2005; Keddy

2010). Nevertheless, this study shows that factors

operating at both the local and landscape levels are

important to structure the richness and diversity of plant

communities.More predictor variableswere included in

models explaining variation in richness than in diversity

of functional groups.Richness only involves the number

of species, whereas diversity also involves their relative

abundances (Magurran and McGill 2011). Moreover,

richness is influenced by species migration while

relative abundances (or evenness) responds to biotic

interactions, implying that while richness can be

controlled by simple mechanisms, factors affecting

diversity are more complex (Wilsey and Stirling 2007).

Conclusion and management considerations

This studyshows that total species richness anddiversity,

and the richness of shrubs, decrease with increase in

distance from the Kilombero River. We also show that

while the variation in total species richness is explained

only by distance to river, variation in total diversity is in

addition explained by dung density. Total diversity and

diversity of graminoids decrease with the increase in

dung density. Shrub species richness increases with the

spatial position of plots, and decreases with increase in

total organic carbon. It appears that cattle grazing

impacts plant diversity negatively whereas other anthro-

pogenic variables such as distances to kraal, house and

farm are not important for plant community richness and

diversity. However, at Kilombero, present human and

cattle population number is estimated to be above

400,000 and 300,000, respectively (Mombo 2013), and

thus exerts a high pressure on the wetland natural

resources. Moreover, in a study on species composition

in the Kilombero wetland, Andrew et al. (2012) found

that grazing effects of cattle and intensified human

activities may potentially change its plant species

composition. Therefore, collectively this suggests that

if current trends of increasing human exploitation and

changes of natural environmental conditions are left

unchecked, the future functioning of the Kilombero

wetland and its important ecosystem services may be

jeopardized. It is therefore pressing that mitigation

strategies that include reductionof livestock numbers are

instituted. Because flooding is also important for plant

species richness, diversity and overall plant community

structure, anthropogenic activities that interfere with the

natural flooding regime (e.g. water diversion and

drainage) should be discouraged in order to restore and

conserve biodiversity of the Kilombero wetland.
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