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ABSTRACT

Wetland natural grasslands are important habi-
tats for avian populations throughout the world.
Unfortunately the increase of human population
and rise in demand for settlements and agricul-
tural land have degraded these habitats in many
tropical wetlands. To effectively restore these
natural grasslands and conserve avifaunal bio-
diversity, understanding of the relationships be-
tween habitat conditions and bird community
structure are central. We used a combination of
information from nearby villagers and field sur-
veys to establish two important grassland habi-
tats with low and high disturbance histories, and
related the habitats to bird community structure.
We surveyed a total of 119 sites in the two habi-
tats to examine variation in the abundance, rich-
ness, diversity and composition of birds at Kilo-
mbero Wetland Tanzania. In total, 3049 indivi-
duals, 126 species, 88 genera and 45 families
were recorded from Kilombero grasslands. Our
results show that grasslands with low human
disturbance had more number of bird species,
genera, families and diversity (both Shannon-
Wiener and Simpson) than the most disturbed
grasslands at p < 0.05. However, the abundance
and Shannon evenness of birds were not dif-
ferent (p > 0.05) between low and highly dis-
turbed grassland habitats suggesting that other
factors including variety of foraging sites are
important. This study confirms that the wetland
grasslands of Kilombero are important for con-
servation of birds including rare and endemic
species. It is recommended that anthropogenic
disturbances should be minimized including con-
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trol of fire, regulation of agricultural activities
and population of cattle within the wetland sys-
tem to restore and conserve biodiversity.
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1. INTRODUCTION

Increasingly, human population growth coupled with
the rise in demand for settlements, agricultural land and
wood products is altering important wildlife habitats,
bird diversity patterns and overall biodiversity around the
world [1-3]. In wetlands, the use and cover of grassland
natural habitats have been unprecedentedly altered [4,5]
and unfortunately the impacts of these changes on bird
community composition, structure and diversity are yet
to be fully understood. It should however be remembered
that the failure to understand the consequence of changes
in these natural habitats on wetland biodiversity is likely
to increase the human pressure on wetland natural re-
sources including birds [6].

Wetlands are important ecosystems appreciated for
providing quality and abundant habitats for avifauna
populations throughout the year and thus a considerable
number of wetlands are declared as important bird areas
[7]. Nevertheless, wetlands are among the most threat-
ened ecosystems [8,9] as the size, quality and structure of
their habitats have been altered by anthropogenic distur-
bances such as intensive agriculture and livestock over-
grazing. Moreover, climate change may exacerbate fur-
ther wetlands natural resources degradations [10], con-
sequently affecting negatively the abundance, diversity
and community composition of especially threatened
bird species [11]. While it does not necessarily allow
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generalization across all ecosystems and regions, evi-
dence from many empirical studies suggest that disturbed
and modified habitats harbour less avian biodiversity as
compared to natural habitats because the later provides
more resources [12,13]. Thus, effective management
strategies should aim to restore these degraded habitats
and simplified landscapes especially in the tropics where
there is a dearth of information on birds’ population dy-
namics in relation to anthropogenic disturbances.

Kilombero wetland in Tanzania provides abundant and
diverse habitats for variety of bird species, and is re-
cognized internationally as an Important Bird Area (IBA)
and a Ramsar site [14]. According to the Ramsar wise
use principle, Ramsar sites can be used as long as the use
is compatible with their ecological characters, and all the
uses are for sustainable development [15]. Contrary to
the wise use principle, unregulated anthropogenic activi-
ties such as unplanned settlement development, intensive
agriculture and overgrazing by livestock are on the rise at
Kilombero [5,16]. This is increased concerns over the
ecological integrity and sustainability of this important
ecosystem [16,17], and if not counterchecked with man-
agement interventions the wetland ecosystem structure
and functions may be impaired. Birds are acknowledged
to be ecosystems health indicators worldwide [18,19]
and could facilitate understanding and prediction of con-
sequences of human disturbances to the wetland biodi-
versity. However, studies looking at how bird species
composition, abundance, richness and diversity vary be-
tween grasslands with different disturbance histories in
semi-protected wetlands are not common in this region.
Therefore lack of these studies impedes effective res-
toration and biodiversity conservation efforts. This study
aims to broadly understand the potential consequences of
land use change on bird community dynamics, and sug-
gest mitigation strategies to restore the tropical wetlands.
We therefore specifically set out to study the variation of
bird species composition, abundance, richness and diver-
sity between two grassland habitats with different dis-
turbance histories (low and high disturbances). We pre-
dicted that 1) grassland habitats with different disturbance
histories would support different bird species and 2) a
less disturbed habitat would support more species diver-
sity consistent with other studies [12,20].

2. MATERIALS AND METHODS
2.1. Study Area

The study was conducted in the Kilombero Valley
Floodplain Wetland in Morogoro region, southern-central
Tanzania. Situated between 8°40'0"S and 36°10'0"E and
covering an area of 7967 km?, Kilombero wetland is a
Ramsar site and an Important Bird Area (IBA) with high
biodiversity [14]. Kilombero valley is included in the

Copyright © 2013 SciRes.

Greater Selous Ecosystem, a World Heritage Site. The
area experiences a tropical sub-humid climate and has a
bimodal rainfall pattern with short rains between De-
cember and February and long rains between March and
May [21]. The average annual rainfall is 1200 - 1400 mm
whereas the mean annual temperature is 26°C [22].
Kilombero wetland holds above 300 unique and diverse
bird species on regular basis [11,23] and could hold up to
20,000 waterbirds during wet season [14]. There are
grasslands, papyrus and woodland vegetations with a
total of about 350 plant species in the wetland system
[24]. However, in this study we focused on the grass-
lands where we identified two habitats with low and high
disturbance histories.

2.2. Habitat Data

We combined information from the nearby villagers
and preliminary field surveys to establish bird habitats
with different disturbance histories at Kilombero. We
surveyed 60 sites in the high and 59 sites in the low dis-
turbed grassland habitats. A high disturbed habitat is lo-
cated at the periphery of the valley close to human set-
tlements and is characterised by open short grasslands
which are intensively grazed by cattle and few crop
fields. Fire is also common during dry season in this
habitat especially from August to October. Grasses such
as Echinochloa colona and Paspalum scrobiculatum and
forb species such as Hygrophila auriculata and Cha-
maecrista mimosoides are present. A few trees particu-
larly sausage tree (Kigelia africana) occasionally oc-
curred on few available termite mounds. According to
the villagers who have lived in that area for at least
twenty years, this habitat have had annual fires and
overgrazing for at least 15 years. On the other hand, low
disturbed habitat is located at a distance from the border
of the valley. It is characterized by a combination of
short and long natural grasses and a perennial grass Pa-
nicum fluviicola is abundant. In this habitat, species such
as lpomoea aquatic, Eragrostis aethiopica and Sida
ovata are also present. Villagers confirmed that because
of its distance from the human settlements and relatively
moist grasses especially during dry season fire is not
common, no crop fields and there is occasional grazing is
this habitat (mainly during dry season). These descrip-
tions for habitats are also supported by [24], and the size
of these two habitats is somewhat comparable. In total
we surveyed 119 sites from low and high disturbed
grassland habitats.

2.3. Bird Species Survey

We used distance sampling method [6] to gather infor-
mation on bird species abundances and identities during
the dry season of 2010. During the surveys, birds were
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identified early in the morning from 6.00 to 10.00 hours
and late afternoon from 16.00 to 18.30 hours when the
temperature was relatively cool and bird’s activities were
high [6]. Birds were identified with the aid of two field
experienced staff and field guide books [25]. On every
site, we recorded all birds seen or heard during 15 min-
utes. The first five minutes were used to wait until bird
species were settled due to arrival disturbances and the
remaining ten minutes were used to record all species
observed or heard. On every occasion, the distances to all
birds were determined using a calibrated range finder
and we restricted the distance to around 50 m for identi-
fication purposes. Birds that flew overhead but did not
land in the sites were not recorded [26].

2.4. Statistical Analyses

We computed the abundance, richness (species, genus
and family), Shannon evenness (J'), Shannon-Wiener
diversity (H'") and Simpson’s index of dominance (D'). To
determine the abundance of birds in a site and habitat, we
added all individual birds. Species richness (S) was ob-
tained by adding the number of species present. To ob-
tain genus and family richness, we added the number of
genera and families in each site for the respective habitat.
To obtain bird abundance in a habitat, we added all indi-
vidual birds from all the sites in that particular habitat.
Shannon-Wiener and Simpson diversity indices were
computed using Biodiversity R package [27]. Evenness,
the distribution of abundances among species was com-
puted as J' = H'/In S whereas S is the number of species
in the site [28]. Evenness ranges from 0 to 1 and as it
approaches 1, individuals are partitioned equally among
species. High values of H' and low values of D' indicate
high species diversity. Data were log transformed to im-
prove normality and homogeneity of variance [29]. To
calculate beta-diversity (difference in community com-
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position between marginal and valley grasslands) we
used Jaccard index [30]. To obtain relative abundances of
most common birds in the two habitats, we summed the
individuals in each species and the relative abundances
were presented as a proportion of total individuals in the
respective habitat. We tested for differences in bird abun-
dance, richness, evenness and diversity between low and
high disturbed habitats using independent t-tests. Corre-
lation analyses were used to establish associations be-
tween diversity measures in the two habitats using R
statistical environment version 2.13.1 [31].

3. RESULTS

We found at least one bird species on every site we
surveyed (Table 1). The overall most abundant site had
236 individuals and interestingly the site was on high
disturbed habitat. On the contrary, low disturbed grass-
land sites had the highest number of species and genus
with seven and five mean species and genera, respect-
tively (Table 1). Also, species richness (t = 6.52, p <
0.001), genus richness (t = 6.20, p < 0.001) and family
richness (t = 3.98, p < 0.001) were significantly higher
on low than on high disturbed grasslands (Table 1). We
found that the mean genus richness on low disturbed
grasslands was almost twice higher the mean genus
richness of high disturbed grasslands (Table 1). The
Shannon-Wiener (t = 4.47, p < 0.001) and Simpson
diversity (t = 4.84, p < 0.001) indices were significantly
higher on low than on high disturbed grasslands (Table
1). The low disturbed grasslands had higher Shannon-
Wiener diversity than the highly disturbed grasslands
sites by 1.63. There were no significant differences in the
abundance of bird species between high and low dis-
turbed grasslands (t = 0.52, p = 0.607), nor did Shannon
evenness index for birds differ between high and low
disturbed habitats (t = 0.72, p = 0.473). The Jaccard

Table 1. Differences in diversity measures (means + SD) of bird community between high and low disturbed grasslands of Kilom-
bero wetland, Morogoro, Tanzania. Values in parenthesis for abundance and diversity measures are minimum and maximum values in

surveyed sites for each grassland habitat.

Grassland habitats
Diversity measures p-Value
High (n = 60) Low (n=59)

Abundance 24 +35(1,236) 27+28 (2, 103) 0.607
Species richness 4+2(1,9) 7+£3(1,15) <0.001
Genus richness 252+1.6(1,7) 478 +£23 (1, 10) <0.001
Family richness 1.55+0.14 (1, 4) 254+1.6(1,6) <0.001
Shannon evenness index (J') 0.75+0.23 (0.26, 1) 0.79 + 0.24 (0.34, 0.98) 0.473
Shannon-Wiener diversity (H') 0.84 £ 0.55 (0.21, 1.95) 1.37+£0.57 (0.5, 2.22) <0.001
Simpson diversity (D") 0.45+0.28 (0.1, 0.86) 0.69+0.21 (0.27, 1) <0.001
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indices for species, genera and families were 34.1%,
48.8% and 60.9% respectively, between high and low
disturbed grassland habitats.

A total of 3049 individuals, 126 species, 88 genera and
45 families were recorded from 119 sites within the two
grassland habitats (Table 2). Of all counted bird species,
a considerable number of species including the endemic
species of Ploceus burnieri and Kilombero Cisticola
(undescribed) were recorded in both habitats (Table 2). A
total of 69 and 100 species were recorded for high and
low disturbed grassland habitats. Of the 69 species re-
corded from high disturbed grasslands, 26 were restricted
to only this habitat. Fifty seven species were exclusively
found on low disturbed grasslands (Table 2).

Two most frequent species on high disturbed grass-
lands were Euplectes axillaris and E. nigroventris with
36% and 26% relative abundances whereas, the low dis-
turbed grassland was dominated by Euplectes axillaris
and Anastomus lamelligerus with 13.7% and 10.4% rela-
tive abundances, respectively (Table 3). Families of Frib-
gillidae, Nectariniidae and Passeridac were found only
on the high disturbed grasslands. Similarly, families of
Acrocephalidae, Anatidae, Anhingidae, Ciconiiformes,
Dicruridae, Glareolidae, Halcyonidae, Jacanidae, Locus-
tellidae, Pelecanidae, Rallidae, Recurvirostridae, Ryn-
chopidae and Threskiornithidae were restricted only to
the low disturbed grassland habitat, respectively.

Table 2. Summary of total bird community data in different
grassland habitats at Kilombero wetland, Morogoro, Tanzania.

Grassland habitats
Parameter
. Values shared
High Low Total between habitats
Number of 1448 1601 3049
individuals
Number of 69 100 126 43
species
Number of 56 75 88 43
genus
Number of 31 42 45 28
family

Table 3. The relative abundance of four most common bird
species at different grassland habitats of Kilombero wetland,
Morogoro, Tanzania.

Abundance in grassland
habitats (%)

Species Family
High Low
Anastomus lamelligerus  Ciconiidae 0.50 104
Bubulcus ibis Ardeidae 0.14 9.0
Euplectes nigroventris Ploceidae 26.0 8.3
Euplectes axillaris Ploceidae 36.0 13.7
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The first six families with the overall highest number
of taxa were Estrildidae (8 genera, 11 species), Ardeidae
(6 genera, 11 species), Charadriidae (2 genera, 8 species)
Ploceidae (3 genera, 6 species), Cisticolidae (4 genera, 8
species) and Alcedinidae (4 genera, 5 species). The gen-
era with the highest number of bird species were Vanel-
lus (V. albiceps, V. armatus, V. senegallus, V. spinosus,
and V. crassirostris) and Cisticola (C. ayresii, C. bra-
chypterus, C. chiniana, and C. Fulvicapillus) and Ardea
with 4 species (A. cinerea, A. goliath, A. melanocephala
and A. purpurea). The high disturbed grassland habitat
was mostly dominated by Accipitridae (8 genera, 8 spe-
cies) and Estrildidae (6 genera, 8 species) families,
whereas low disturbed grasslands was mostly dominated
by Ardeidae (2 genera, 6 species) and Charadriidae (1
genera, 5 species) families showing that there were dif-
ferences in family composition for the two habitats.
Shannon-Wiener diversity and Simpson diversity of do-
minance did not relate (Pearson Product Moment Cor-
relation, all r <0.20 and all p > 0.05) with the abundance
of bird species for both high and low disturbed grass-
lands (Table 4). There were no correlations between
Shannon evenness and the richness of species, genus and
family for low disturbed grasslands (all r <0.15 and all p >
0.05), whereas for high disturbed grasslands the Shannon
evenness related (all r > 0.50 and all p < 0.05) with spe-
cies, genus and family richness (Table 4).

4. DISCUSSION

This study has revealed that both low and high dis-
turbed grasslands provide important habitats that support
a considerable number of bird species including endemic
species of Ploceus burnieri. Overall these grasslands
support at least 126 bird species which are almost 42%
of all birds reported in the area [23]. Our findings that
grasslands support a significant number of bird species is
consistent with other studies elsewhere in the tropics
[19,32-34]. We predicted that habitats with different hu-
man disturbance histories would support different bird
species. Indeed our results show that the two grassland
habitats supported different bird species. About 38% and
57% of all birds recorded had strict occurrence on high
and low disturbed grasslands, respectively. However, other
species (e.g. Ploceus burnieri, Euplectes axillaris, Anas-
tomus lamelligerus and Bubulcus ibis) were found on
both habitats suggesting that they use wide range of ha-
bitats possibly because of rich dietary guilds in this sys-
tem [35].

Consistent with our second prediction, the number of
species, genera, families and species diversity was sig-
nificantly higher on low disturbed than on high disturbed
grassland habitats. This is in line to a study in South Af-
rica at Mpumalanga which reported that human distur-
bance (especially bush fires and livestock grazing)
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Table 4. Pearson correlation coefficients of diversity measures for bird species at grassland habitats of Kilombero wetland, Morogoro,
Tanzania. Coefficient values in parentheses are values for valley grasslands while other values are for marginal grasslands.

Abundance  Species richness ~ Genus richness ~ Family richness ~ Shannon evenness ~ Shannon diversity
Abundance
Species richness (8'2?1)
Genus richness (8';) (8'38)
Family richness 0.07 0.80 0.81
y (0.50) (0.75) (0.75)
Shannon evenness ~0.10 0.51 0.56 0.51
(-0.48) (-0.12) (=0.09) (=0.03)

. L 0.01 0.84 0.83 0.73 0.85
Shannon-Wiener diversity (~0.14) (0.37) (0.35) (0.33) (0.81)
Simpson functional diversit —0.02 0.74 0.74 0.65 0.94 0.97

p Y (-0.19) (0.41) (0.38) (0.29) (0.40) (0.53)

Statistical significant correlations (P < 0.05) are shown with bold numbers.

reduced bird species richness and density [32].

In another study in Australia, [36] reported that high
grazing in riparian habitats was negatively related to the
density and richness of bird species. During the last few
decades, the presence of permanent water, fertile soils
and good pasture has attracted farmers and pastoralists
from other parts of Tanzania to Kilombero wetland [16,
22]. Fire is also common during dry season in the grass-
lands [5,24], and all these unregulated anthropogenic
disturbances impacts negatively the grassland habitats
and birds’ composition, richness and diversity at Kilom-
bero. Our study shows that the abundance and evenness
of bird species were not statistically different between
the two grassland habitats, suggesting that these commu-
nity properties are apparently not influenced by human
disturbance. This finding is in agreement with another
short time experimental study conducted in Kenya,
where fire did not have effect on total abundance of birds
[26]. At Kilombero grasslands, it could be that other
ecological factors including the availability of variety of
foraging sites determines the abundance and evenness of
bird species [11].

It appears that human-induced disturbances and possi-
bly presence of variety of foraging sites contribute to the
variation of abundance, composition, richness and diver-
sity of bird species in our area. This study showed that a
highly disturbed habitat supported less bird species rich-
ness and diversity than low disturbed habitat. It is widely
known that disturbance of natural habitats leads to re-
ducetion or loss of habitat depended species, and most
likely to survive are the generalist species [13]. At Ki-
lombero, it is likely that prolonged anthropogenic dis-
turbances have altered biologically or structurally the
conditions of the most disturbed grasslands, consequently
these grasslands support less bird species. In another
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study at our system, it was revealed that livestock en-
croachment affects negatively wildlife species especially
large mammals [21], and this suggests that not only large
mammals but birds are also negatively affected by espe-
cially overgrazing [32,36]. Continued intensification of
human disturbances will affect mostly birds with re-
stricted-range and IUCN Red-Data Book species [7]. It is
therefore recommended that anthropogenic disturbances
be minimized through for example control of fire, agri-
cultural activities regulation and restriction of population
of cattle and their movements within the wetland system
to restore and conserve biodiversity.
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