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Distribution range and human-hippopotamus @
(Hippopotamus amphibious) conflict in the
Lake Tana biosphere reserve, Ethiopia
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Abstract

Background Hippopotamus (Hippopotamus amphibious) is a semi-aquatic mammal that is considered the third
largest living land mammal still alive on earth. The main objective of this study was to determine the distribution
range and human-hippopotamus conflicts in the Lake Tana Biosphere Reserve, Ethiopia. Data were collected from
June 2022 to January 2023. Total count methods were used to estimate the hippopotamus population, and Arc GIS
was used to determine the distribution range and habitat suitability of hippopotamus. Structured questionnaire and
focus group discussions were used to collect data on human-hippopotamus conflict. Data were analysed using One-
way ANOVA, independent t-test, and chi-sqaure test.

Results The mean population estimation of hippopotamus in in the study area showed 252.67 +15.9 with a density
of 0.072 individuals per km?. The suitable slope analysis of hippopotamus along the the Lake Tana Biosphere Reserve's
shoreline revealed that 4.7% of the shoreline was most suitable, 48.4% moderately suitable, and 46.9% not suitable.
Variations in the hippopotamus’habitat suitability within the study area have been associated with a number of
factors including availability of water, food, elevation, and vegetation cover. Crop raiding and overgrazing were the
primary causes for conflict.

Conclusion In order to conserve hippopotamus in the in the Lake Tana Biosphere Reserve, appropriate conservation
measures including habitat protection and restoration, and community engagement and education need to be
developed. Moreover, further research on the ecological aspects of the Lake's ecosystem is required to ensure the
conservation of hippopotamus.
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Background

Hippopotamus is a semi-aquatic animal that is consid-
ered as the third largest living land mammal on earth
next to rhinoceros and elephant. It is a common name for
the two species of Artiodactyl that constitute the family
Hippopotamidae including the common hippopotamus
(Hippopotamus amphibius) and the pygmy hippopota-
mus (Hexaprotodon liberiensis), respectively Vulenrable
and Endangered species under the IUCN redlist [1-3].
Hippopotamuses have two essential ecological require-
ments; water in which to submerge and spend majority of
the day, and at night they use the nearby grassland for for-
aging [1, 4]. Thus, they need a supply of permanent water
and adequate grazing land [5]. Water is required for their
thermoregulation, and hippopotamus is thus never found
far from water [6]. Hippopotamus is regarded a keystone
species in the river and lake habitats and categorized as
an iconic African mega-herbivore [7].

The life span of hippopotamus in the wild ranges from
35 to 50 years [1]. Females reach sexual maturity from
nine to ten years, while males become sexually matured
at eight years [8]. Mating in hippopotamus mainly takes
place in water and breeding is not strictly seasonal [9],
but most conceptions occur during the dry season and
birth peaks during the wet season. Gestation period in
hippopotamus is eight months [10], and normally a single
calf is born [1]. Humans are its major predators, while
lions, hyaenas, and crocodiles predate the young [9].

Hippopotamuses are highly gregarious and are terri-
torial only when they are in the water [9]. Males defend
territories against other males and territories are estab-
lished to defend mating rights rather than food. Females
are non-territorial and are not necessarily confined to
a specific place. In hippopotamus, there are no social
bonds between the adults within a group though they
lie in close contact with each other. The social bonds are
between the mothers and daughters, while males form
separate bachelor groups [11].

Historically Hippopotamus amphibius occupied an
extensive range in Africa [3] and were considered abun-
dant. However, at present, its distribution is patchy
and uneven and the recent overall population estima-
tion is ranged between 115,000 and 130,000 individu-
als [3]. They spread over 19 African countries but they
are relatively more abundant in Cameroon and Burkina
Faso [12]. Permanent river systems or water-rich envi-
ronments such as dams or wetlands can be considered
suitable habitat for hippopotamus. There must be deep
pools with gradually declined bottom slopes, dry sand-
banks, and at least a 5 km radius supply of suitable land
for grazing [13]. Hippopotamus population distribution
was found to be influenced by grass species diversity and
amount of biomass produced [14]. The distribution pat-
tern and population size of the common hippopotamus is
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currently assessed as vulnerable by IUCN due to popula-
tion decline across its ranges, and habitat loss and poach-
ing are the major causes of such decline [3].

In East Africa, Tanzania has the highest number of hip-
popotamuses [3], and in Ethiopia, recent surveys suggest
that the species is found from the Djibouti border across
the highlands to the south and southwest, with the Setit
River marking its northernmost range [15]. The hippo-
potamus population in Ethiopia is estimated to be around
2,500 individuals [3].

In studies of habitat distribution range of animals, veg-
etation indices derived from satellite based remote sens-
ing data, such as the Normalized Difference Vegetation
Index (NDVI) are being used more and more as indirect
measures of forage abundance and habitat quality. As
reviewed in [16], NDVI has been used to analyze ani-
mal habitat relationships in a variety of species. Animals
choose their habitats based on a strategy that increases
their chances of surviving and reproducing successfully
[17]. Basic requirements such as food, cover, space, and
water must be met by an organism in sufficient amounts
and of suitable quality in order for an organism to repro-
duce and sustain a viable population. Thus, determining
the limiting factors and optimal values for food, cover,
space, and water are the requirements for habitat man-
agement [18].

Human-hippopotamus conflict is one of the current
challenges facing its conservation. Hippopotamuses dif-
fer from other mega-herbivores in having a dual require-
ment of daily living space in water and an open grazing
range often visited at night [1]. This requirement affects
the manner in which hippopotamuses utilize resources
and survive in areas dominated by high human popula-
tion densities and continuous land use changes. Conver-
sion of hippopotamus’ terrestrial habitat and diversion
of water for agriculture and human settlements largely
contribute to the loss, degradation, and fragmentation of
suitable habitats.

Hippopotamus-human conflicts are reported from
several countries in Africa including Ethiopia [19].
According to [20] human-hippopothamus conflict poses
a serious problem for both local farmers’ livelihoods
and hippopothamus conservation in the LTBR. Most
records refer to crop damage, attacks on fishermen by
destroying fishermen’s nets or attacking their boats, and
loss of human life [11, 19]. The damage caused by hip-
popotamus is often far greater than the other common
agricultural pests. This is because their raids are unpre-
dictable, more damage per raid, trampling and destroy-
ing certain areas of the field [11]. This growing conflict
threatens both the economic stability of residents and
the survival of hippopotamus, highlighting an urgent
need for sustainable conflict mitigation and conserva-
tion strategies. We hypothesized that no interference
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between hippopotamus’ home range and local commu-
nities’ farmlands along the shorelines of the LTBR. In
this regard, quantitative and qualitative data on hippo-
potamus’ ecology and their population distribution in the
LTBR landscape would be of great importance to provide
essential information to decision makers for their man-
agement and their conservation strategy. The main objec-
tive of this research is to determine population estimate,
distribution range, and human-hippopotamus conflicts
Thus, the findings will inform the development of effec-
tive management strategies focused on habitat protection
and restoration, along with community engagement and
education to support hippopotamus conservation in the
LTBR.

Materials and methods

Description of the study area

Lake Tana is one of the largest lake in Ethiopia and the
source of the Blue Nile River. It is located in Amhara
Region, northwestern Ethiopia, 565 km from the capital
Addis Ababa. The Lake is 84 km long and 66 km wide and
its maximum depth is 14 m with the mean depth of 9 m.
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Its surface area ranges from 3,000 to 3,500 km? depend-
ing on the season and amount of rainfall. Geographi-
cally, the lake is situated between 11° 41’ 5.3” N latitude
and 37° 20’ 27.1” E longitude with average elevation of
1788 m a.s.l. It is bordered by Dembia Woreda in the
north, Gondar Zuria Woreda in the north and northeast,
Libokemkem Woreda, Fogera Woreda, and Dera Woreda
in the east, Bahir Dar Zuria Woreda in the south east,
south, and southwest, North-Achefer Woreda and Alefa
and Takusa Woreda in the west (Fig. 1). It is surrounded
by different wetlands and has more than 40 tributaries
[21]. There are only a few remnants of the LTBR’s original
mountain ecosystem and forest vegetation, which boasts
a high level of globally significant plant species. Native
trees that can be found in the LTBR include Albizia gum-
mifera, Millettia ferryginea, and Cordia africana.

Lake Tana Biosphere Reserve is home to a diverse
range of wildlife, both aquatic and terrestrial, making it
an important habitats of biodiversity conservation. Some
of the wildlife species of the Lake include Nile tilapia,
catfish, frogs, Nile crocodile, Nile monitor, different bird
species including the White Pelican, Marabou Stork,

J

Legend
I Lake Tena

LT Neighboring Districts
Amhara Region

] Ethiopia_Boundary

in
m
g
&
o
in
o
o
& & oo
<
in
= {
3 {
~ 3
A ;
-
A N
= o o~
i o~
&
=
in 7
w_| <
& N
= \
\
;
in y
¥ <
3
of _
= {
b~
1
in ~—
@
o
2
=
- Legend
oS4
=] I Lake Tana \ 3
U
1 Lake Tana Neighboring 0 15 30 Km )
& B Distrits 4 }
n _l o v
=
byl
&
=

T T T T T T
36°25'  36°35'  36°45'  36°55' 37°5" 37°15 37925 37°35 37945

Data Source: The shapefiles are from OCHA & CSA, 2021
Software: Open Source QGIS 3:40

CRS: WGS 1984, UTM Zone 37 N

Fig. 1 Location map of the study area

T
37°55  38°5'

I Lake Tana

[ Lake Tana Neighboring
Districts

= Amhara Region

0 125 25Km




Mulu and Ejigu BMC Zoology (2025) 10:9

Saddle-billed Stork, African Fish Eagle, Blue-winged
Goose and Tana Weaver, and different species of mam-
mals including grivet monkey, Anubis baboon, colobus
monkeys, and antelopes.

Methods

Data for population estimate, distribution range, and
human-hippopotamus conflict were collected in LTBR
from June 2022 to January 2023. Major wetlands suitable
for hipopotamus were identified and mapped using Arc
GIS 10.71. We used the total count method [22, 23]) to
determine population estimation of hippopotamus in the
LTBR. Presumed hippos’ habitats were divided clearly
into defined and nonoverlapping sections. Two groups
of researchers with five individuals each walked simul-
taneously using a straightline transect along the shore of
the Lake on its opposite sides. Each group of research-
ers was assigned to specific locations of the lake where
hippopotamous inhabits, and population counts were
conducted at the same time to prevent hippopotamus
from moving between habitats and being counted twice.
Moreover, researchers also communicated among them-
selves using phones to check hippopotamus movements.
Population estimates were performed twice a day in the
morning from 08:00 to 12:00 and in the afternoon from
14:00 to 18:00 when hippopotamuses were most active
and visible [24]. Population counts were carried out twice
per month for six months, and then the average number
of hippopotamus per count was calculated and monthly
population means were obtained to determine popula-
tion estimation of hippopotamus in the LTBR.

Data for distribution range and habitat suitablity of
hippopotamus were adopted from [25]. Distribution and
habitat use of hippopotamus depend on the suitability of
the nearby buffer zone, which depends on three major
factors including the lake shore elevation, grazing ground
proximity, and human settlement and livestock distur-
bances (Table 1). Grazing ground suitability on the basis
of proximity to resting water, and settlement and live-
stock disturbance were classified and reclassified using
multiple rings buffer analysis on Arc GIS 10.7.1. The
elevation classes which helped hippopotamus’ movement
to the land were identified as adopted from [26] and field
observations.

The variety of habitat types surrounding the LTBR
determine the availability of forage for hippopotamuses
and was used to assess their spatial distribution. Thus,

Table 1 Habitat suitability analysis for hippopotamus in the LTBR
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habitat suitability of hippopotamus was determined on
the basis of its density in different habitats. Some habitats
consisted of larger density of hippoptamus compared to
others indicating habitat suitability [27].

Data for human-hippoptamus conflict were collected
from five villages selected on the basis of their proximity
from hippopotamus sighting areas [28], using structured
questionnaire, focus group discussions, and observations.
A total of 200 individuals (males =107 and females =93)
were purposively selected and participated for data col-
lection using questionnaire survey. Villages located from
0 to 5 km apart from the Lake boundary were used dur-
ing data collection. The five villages were selected from
five Woredas namely; Dembia, Fogera, Dera, Bahir
Dar Zuria, and North Achefer. Thus, perception of the
local community towards hippopotamus was assessed.
Moreover, five focus group discussions, one from each
Woreda, were carried out to collect additional informa-
tion on human-hippopotamus conflict by participating
elders, Kebele Administrative leaders, and other knowl-
edgeable individuals, and six to nine individiuals partici-
pated in each focus group discussions.

Questionnaire survey participants and focus group dis-
cusants were purposively selected based on individuals
whose cultivated land is near the lakeshores, wetlands,
or hippopotamus habitats; fishermen who use the Lake
for their livelihoods and may encounter hippopotamus
during fishing; other local residents who live where hip-
popotamus are commonly observed; and community
leaders who can provide insights on collective experi-
ences and responses to conflicts.

Data analysis

One-way ANOVA was used to compute population
estimate of hippopotamus among the different months.
Independent samples t-test was used to compare the
highest and the lowest hippopotamus’ population esti-
mates, and between female and male population esti-
mates. Arc GIS 10.7.1’s multiple rings buffer analysis was
used to determine the distribution range and habitat suit-
ability of hippopotamus. The habitats in the LTBR were
classified from most suitable to not suitable areas for
hippopotamus. Getis-Ord Gi* statistic (Z) [29] was com-
puted using algorithms in ArcGIS 10.7.1 [30] to evaluate
the hippopotamus’ spatial distribution and to indentify
its distribution hot spots. Chi-square test was used to
compare perception of people towards conservation of

Criteria Suitability class Source

Highly suitable Moderately suitable Not suitable
Elevation 1634-1900 m 1900-2000 m >2000 m Dietz et al. (2000)
Grazing land proximity 2-5km 5-10 km >10 km Wengstrém (2009)
Settlement and disturbance 5.5km 3km 0.5 km Tracy (1996)
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Table 2 Mean monthly population estimations of
hippopotamuses after six months survey (June-December 2022)
in the LTBR
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Table 4 Factors affecting habitat suitability for hippopotamus in
the LTBR

Months Population structures Population size
Male Female Young
July 100.1£120  1083%£9.16  52.1+4.5 260+124
August 98.6+8.1 104.8+745 61.3+4.1 263+89
September 107.2+9.5 10244503 53.3+75 262+10.3
October 95.2+6.3 105.1£7.64  49.0+44 249+9.5
November  98.4+8.5 103.0£591 46540  247£112
December  93.8+10.3 99.5+10.33  44.2+6.7 235+10.6
Average 98.5+4.9 103.5+3.2 50.8+6.1 252.7+15.9

Table 3 Sex and age ratio of hippopotamus after six months
survey (June 2022 - January 2023) in the LTBR

Months Sex and age ratio

Male: Female Young: Adult Young: Female
July 1:1.08 1:4 1:2
August 1:1.06 1:3 117
September 1:0.95 1:4 1:19
October 1:1.10 14 1:2.1
November 1:1.05 14 1:2.2
December 1:1.06 1:2 1:23

1:1.06 1:4 1:2.03

hippopotamus in the LTBR. Statistical Package for Social
Sciences (SPSS) version 26.0 at 0.05 level of significance
was used to run the analysis.

Results

Population estimatations of hippopotamus

The total mean population size of hippopotamus esti-
mated in the LTBR was 252.7+15.9. There was a sig-
nificant difference in population size counts among the
different months (F=38.5, df=5, p<0.05). The mean
population density estimated for hippopotamus was
0.07 individuals/km?® The highest population estimate
recorded was 263+8.9 individuals during August and the
lowest was 235+10.6 individuals during December, and
there was a significant difference between the highest and
the lowest population estimates of hippopotamus (t=4.4,
df=2, p<0.05) (Table 2).

There were more females compared to males, and the
difference showed statistically significant (t=4.14, df=1,
p<0.05). The adults constituted 79.9% (n=202) and the
youngs were 20.1% (n=51) of the total hippopotamus
population. Males and females represent 39% (n=99)
and 40% (n=101), respectively. The sex ratio of male to
female was 1:1.06. Young to adult was 1:4, and young to
female was 1:2.03 (Table 3).

Parameters Parameters’ classes Degree of significance
1781-1800 Most suitable

Elevation (in m) 1800-1830 Suitable
1830-1900 Moderately suitable
1900-1970 Less suitable
1970-2080 Least suitable
-0.22-0 Water body

NDVI 0.0-0.15 Very low vegetation
0.15-0.30 Less vegetation
0.30-04 Moderately vegetation
04-0.58 High vegetation
0-2 Most suitable

Slope (in %) 2-5 Suitable
5-8 Moderately suitable
8-15 Less suitable
>15 Least suitable

Distribution and habitat suitability of hippopotamus in the
LTBR

The three main variables that affect habitat suitability
for hippopotamus; elevation, vegetation index, and slope
were analyzed. Thus, based on each factor’s ecological
significance for hippopotamus, five suitability classes
were created (Table 4).

The elevation range of the LTBR as displayed by the dig-
ital elevation model is from a very low altitude of 1646 m
to 2394 m a.s.l. According to [1] hippopotamus occurs
between 200 and 2000 m a.s.l. We estimated the high-
est elevation limit of LTBR to be about 2000 m. Hence,
based on this evidence the elevation classes from 1646 to
1900 m were considered more suitable, from 1900.1 to
2000 m moderately suitable, and above 2000 m not suit-
able. Therefore, the GIS spatial elevation suitability analy-
sis showed that majority of the study area’s altitudes fell
into a class that was less suitable for hippopotamus. The
NDVI suitability criteria showed that about 2.1% of the
LTBR is most suitable, 30.5% moderately suitable, and
the remaining 67.4% not suitable. The hippopotamus’s
form and size made difficult for it to ascend steep slopes.
Therefore, the suitable slope values were those that indi-
cate hippopotamus-friendly travel. The suitable location
was determined to be within an estimated 5 km buffer
zone of the Lake. Hence, just 4.7% of the LTBR shorelines
were deemed to be most suitable, 48.4% moderately suit-
able, and 46.9% not suitable (Fig. 2).

The weighted overlay of each criterion is calculated
using the pairwise comparison matrix of ArcGIS soft-
ware 10.8, which compares the relative relevance of two
criteria. As a result, the pairwise comparison matrix was
created by taking into account the relative importance
of each criterion and comparing them one-to-one using
a pairwise scale. The criteria were weighted using 1-5
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Fig. 2 Habitat suitability of hippopotamus in the LTBR based on elevation, NDVI index, and slope

scale, with the highest value (5) and the lowest value 1
representing the “most suitable” and the “least suitable’,
respectively. The weights of each sub-criterion were
determined using the logic for elevation, NDVI, and
slope with a value of 30%, 40%, and 30%, respectively. The
final weighted overlay result was categorized into three
classes as highly suitable, moderately suitable, and less
suitable (Fig. 3).

The distribution range of hippopotamus was also dis-
rupted by the dispersion of grazing territory and com-
petition with domestic animals in the same area. Our
field study revealed that people who lived near the lake
built different types of fences to keep hippopotamus

from entering their territories. The man-made obstacles
that hanged the hippopotamus were the gravestone bar-
ricades and the holes built especially for this purpose.
Majority of hippopotamus suitable habitats were located
behind settlements. As a result, because of natural or
man made obstacles, 78.8% of the lakeshores were not
suitable for hippopotamus grazing (Fig. 4). The highest
levels of livestock and human disturbances on the hippo-
potamus habitat in the LTBR environs showed that only
1.8% of the projected terrestrial habitat was free from
human interference, 47.3% was moderately disturbed,
and 50.9% was severely disturbed, and making it difficult
for hippopotamuses to survive.
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Fig. 3 Habitat suitability of hippopotamus in the LTBR based on the weighted overlay of elevation, NDVI and slope

Local communities’ opinion on human- hippopotamus
conflict in the LTBR
A total of 200 individuals were participated of which
53.5% (n=107) were males and 46.5% (n=93) females.
The age category of respondents ranged from 18 to 75
years. Majority of the respondents (62%, n=124) were
from 35 to 54 years. When perception of the local peo-
ple towards hippopotamus was assessed, 39.5% (n=79)
of them showed positive attitude, 36.5% (n="73) negative
attitude, and 24% (n = 48) remained neutral (Table 5).

When the educational level of the respondents was
assessed, 64% (n=128) of them did not attend conven-
tional school, 20.5% (n=41) informal education, 8%
(n=16) primary education, and 7.5% (n=15) attended
secondary education. Relatively more respondents 43.5%
(n=87) showed positive attitude towards the conserva-
tion of hippopotamus compared to those who showed
negative attitude 32.5% (1=65), and the difference was
statistically significant (x* = 152.00, df=1, p <0.05).

When the main causes of human-hippopotamus con-
flict were assessed, 68.5% (n=137) of the respondents

replied that crop raiding was the primary cause, 19%
(n=38) described the cause was due to overgrazing,
and 12.5% (n=25) claimed that the cause of conflict was
due to human and livestock injuries. The local people’s
responses to the factors that lead to conflict between
humans and hippopotamus varied, and these differences
revealed a significant difference (x2 =386, df=2, p<0.05).
Crop damage assessement in Ethiopian Birr (USD) per
housedhold within the hippopotamus habitats in the
LTBR revealed that maize was the first crop damaged
by hippopotamus, followed by sorghum, teff, and wheat
(Table 6).

The local communities in the study area have been
used different techniques or strategies including fences,
digging ditches around crops, group vigilance, and plant-
ing less palatable crops to minimize crop damage by hip-
popotamus and then to mitigate human-hippopotamus
conflict. Our results showed that about 79.5% (n = 159) of
the respondents claimed that farmers should be compen-
sated by the government for the crops damaged by hip-
popotamus. About 6.5% (1n=13) of them replied that to
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Fig. 4 Settlements and livestock disturbance in the hippopotamus habitats of the LTBR

Table 5 Age groups and perception of the local people towards
hippopotamus in the LTBR
Age groups N

Perception of the local people

Positive Negative Neutral
18-24 yearold 20 (10%) 30% (n=6) 5% (n=1) 65%
(n=13)
25-34yearold  15(7.5%) 46.6% (n=7) 46.6% (n=7) 6.6%
(n="1)
35-44yearold  75(37.5%) 386%(n=29) 44% (n=33) 173%
(n=13)
45-54 yearold 49 (24.5%) 57.1% (n=28) 30.6% 12.2%
(n=15) (n=6)
>55 year old 41(20.5%) 21.9% (n=9) 41.5% 36.6%
(n=17) (n=15)
Total (%) 200 39.5% (n=79) 36.5% 24%
(100%) (n=73) (n=48)

minimize crop damage, hippopotamus should be killed,
and about 5.5% (n=11) of the respondents suggested
that it is better to use different traditional control meth-
ods to minimize the damage caused by hippopotamus.

Table 6 Annual crop loss due hippopotamus around the LTBR

Type of crop Loss of Cost Rank of
crop in estimation damage
(kg/household) (in Ethiopian

Birr/household)

Maize 278 6,116 (46.58 USD) st

Sorghum 195 5,460 (41.58 USD) 2nd

Teff 26 1,040 (7.92 USD) 3rd

Wheat 15 420 (3.20 USD) 4th

Moreover, 7.5% (n=15) of them have proposed that
translocate hippopotamus to other areas would be ideal
solutions to minimize crop damage in the area.

Generally, majority of the respondents claimed that
hippopotamus cause severe crop damage directly by for-
aging. Since the community around the LTBR are farm-
ers, crop raiding by hippopotamus could affect their
survival. As a result, they have negative attitude towards
conservation of hippopotamus in the area.
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Discussion

Population estimations of hippopotamus

Population estimations of hippopotamus in the LTBR
have revealed spatial and temporal variations. A higher
population estimates of hippopotamuses was recorded in
August, likely due to their increased activity and visibility
during the rainy season compared to the dry season. The
findings of the present study are consistent with those
of [31] who found that cloudy skies and mild tempera-
tures seemed to make hippopotamus more active than
they were during the dry season. Rainfall promotes the
growth of vegetation and creates the ideal environment
for hippopotamus to be more visible near the shorelines
during the rainy season. As a result, during the wet sea-
son, hippopotamuses congregate along the shorelines to
feed, making them easier to observe during the time of
population surveys and this results the highest popula-
tion estimate during August.

The sex ratio of hippopotamus in the LTBR showed
that there are relatively more females than males as it is
typical of other mammalian species [32]. Studies have
shown that males are more likely to die in violent interac-
tion with other males such as in territorial disputes dur-
ing mating [33, 34], and this could justify the presence
of more females than males in the population. A female-
biased population is more favorable for population
growth because more females contribute to reproduc-
tion. However, hippopotamus population in the present
study area is composed of more adults than youngs, and
a population dominated by adults suggests that fewer
calves are being born or surviving to adulthood. This
might be caused due to various factors including envi-
ronmental stress, food scarcity, human disturbances or
disruption in mating patterns.

Age distribution and sex ratio are critical indicators of
population health, reproductive potential, and long-term
viability. Thus, understanding the age distribution and sex
ratio are essential for assessing the status of the popula-
tion since these factors reflect population dynamics [35].
Therefore, the hippopotamus population’s higher propor-
tion of females than males may result from the fact that
males are more likely to die in violent interactions with
other males. A small proportion of youngs compared to
adults were observed, and this result is also in line with
the findings of other researchers since calves become vul-
nerable to predators including hyenas, crocodiles, and
diseases [3]. In the LTBR, the young hippopotamuses are
also affected by flooding that might contribute for high
mortality rate in calves. There are also several reasons for
the declining of young hippopotamus including they are
more likely to be killed by humans or other animals, and
high mortality rate of the species [9, 36].

The presence of more adult females than calves sug-
gested that the hippopotamus population in the LTBR
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may be in decline overtime. Moreover, according to [3],
hippopotamuses are one of the species in Africa that are
more vulnerable to extinction. Due to human distur-
bance, their populations have decreased in the majority
of sub-Saharan African countries [11]. The International
Union for Conservation of Nataure (IUCN) reported that
hippopotamus is becoming less common in many of the
countries where it is found. In 1996, the the IUCN clas-
sified Hippopotamus amphibious as Least Concern. It
was estimated with about 115,000 to 13,000 individuals
accounting for common hippopothamus [1, 3]. Later in
2006, they were listed as vulnerable [12]. Two human
causal factors have been identified as the causes for such
declines include habitat degradation since wetlands being
converted to agricultural land, and uncontrol hunting for
meat and ivory [11, 12]. In some area like Tanzania, local
communities suggested the extermination of hippopota-
mus to mitigate their trampling and crop-raiding behav-
ior [37, 38]. Similarly, in the present study we know that
the local communities have attempted to kill hippopota-
muses to prevent crop raiding.

Distribution range and habitat suitability of hippopotamus
in the LTBR
The findings of this study indicate that habitat destruc-
tion due to various human activities significantly impact
the distribution and survival of hippopotamus popula-
tions in the LTBR. The presence of man-made barriers,
such as gravestone barricades and purpose-built holes,
restricts the movements of hippopotamus and limits
access to essential grazing areas. Moreover, the compe-
tition with domestic livestock and increasing human
settlements have further reduced the availability of suit-
able habitats. The study revealed that majority of the
lakeshores are unsuitable for hippopotamus grazing,
emphasizing the extent of habitat loss. Moreover, the
assessment of habitat disturbances highlights that only
small proportion of the terrestrial habitats of the LTBR
remain undisturbed, while morethan half of its habitats
face severe human interference. Such high levels of dis-
turbance pose a significant threat to the survival of hip-
popotamus populations, as they rely on undisturbed
areas for grazing, reproduction, and social interactions.
As the rainy season ended, hippopotamuses showed a
significant increase in their association with the shore-
line vegetation in the LTBR. As reported by [31] a shift
in the frequency and abundance of hippopotamuses to
temporary water sources occurred as the rainy season
progressed. Hippopotamuses are well-adapted to aquatic
life [37]. They never located far from water since water
is necessary for their thermoregulation [6]. They are
severely affected by foraging, especially during the dry
season when the grasses dry out. As a result, they migrate
seasonally into the area where abundant green forage is
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available in different habitat types. They have a high pref-
erence for riverine vegetation during the dry season and
grassland vegetation during the rainy season based on a
comparison of seasonal variations in habitat association.

Based on field observation and Satellite image analysis
of the LTBR, the slope classes that facilitate hippopota-
mus’ movement to the land have been identified. Con-
sequently, it was determined that a lakeshore gradient of
less than 7% would make a suitable grazing ground for
this species. According to [26] the shape and body size of
hippopotamus can result in accessibility issues at places
with a high slope. Thus, as the species’ body size and
structure prevented it from ascending steep gradients,
the suitable slope values were those that represented a
journey that was favourable to it. As a result, hippopota-
muses prefer to rest in areas with slow moving, moder-
ately shallow banks with gentle slope because they can lie
partially immersed in water.

The distribution of hippopotamus in the LTBR revealed
that they are drawn to open, shallow, stagnant, and slowly
moving water that can cover their bodies far from the
land line. This supports the findings of [1] who found
that open, slow moving, and shallow water habitats that
hippopotamuses may fully submerged and that is sur-
rounded by sufficient grasses for foraging is a suitable
habitat for this species. Hippopotamuses chose their
daily roosting site based on the accessibility of water and
the distance from human disturbance [24]. One of the
main habitat descriptors influencing animal’s mobility,
choice of habitat, and distribution is the abundance and
distribution of food resources [18, 39]. Food abundance
plays a particularly significant role in shaping the ecol-
ogy of large herbivores [40, 41]. For this reason, accurate
measurement of food supplies is essential to comprehend
the ecological interactions between large herbivores and
their environment.

The most suitable sites of hippopotamus in the LTBR
include Gorgora, Tana Woyna, and Esey Deber sites.
Apart from the availability of food, water scarcity and
greater temperature are also the major environmental
factors that are likely to affect hippopotamus distribu-
tion, abundance, and behavior during the dry season [42].
The kind of habitat, the characteristics of the lake or river
bed, the water’s depth, and its current all have impact for
the occurrence of hippopotamus in the LTBR. As a result,
majority of hippopotamus may be found on very firm,
slightly sloping shores and smooth-flowing waters within
the 5 km buffer surrounding the Lake. As described by
[1] locations can sustain hippopotamus abundance by
offering year-round feed and water.

Human- hippopotamus conflict
Our study revealed that the main threats to hippopota-
mus in the LTBR include habitat distraction due to the
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expansion of agriculture and settlements, pollution from
Bahir Dar city, Gorgora, and other nearby cities, flooding,
competition with livestock, and killing of hippopotamus
by the local communities as a result of crop raiding. The
finding of [15] has also recognized similar threats of hip-
popotamus in Ethiopia. The results of the present study
are also consistent with those in the Mara Region of
Kenya as reported by [43]. The sad consequence of these
threats on hippopotamus is the decline of the population
in their various natural habitats across the African conti-
nent [11].

The abundance of hippopotamus in the 5 km buffer of
the LTBR can be explained by different factors includ-
ing conflict between hippopotamus and the local com-
munities residing near hippopotamus resting sites and
grazing areas. Permanent settlements in wildlife habitats
have a significant habitat disturbance, consistent with the
finding of [25]. Hippopotamuses are heavily hunted for
their meat, tusks, and skin [44]. However, in the LTBR,
the local communities do not hunt hippopotamus for its
meat and tusks but they hunt them for its skin. In addi-
tion, farmers close to the LTBR kill hippopotamus as a
result of crop raiding.

Water scarcity is becoming an issue in the LTBR, par-
ticularly along the shores of Lake Tana, intensifying
competition between hippopotamuses and livestock.
The expansion of agriculture and human settlement has
raised concerns about wetland conservation in the LTBR.
Human activities have profoundly influenced ecosystem
structure and function, particularly affecting the spatial
and temporal distribution of wild herbivores [45]. In the
area, conflicts between humans and hippopotamuses are
often linked to overgrazing and crop destruction. More-
over, hippopotamus attacks are unpredictable and can be
highly destructive [1]. Crop damage caused by hippopot-
amus results from feeding, trampling, and the destruc-
tion of specific field areas [46].

The overlap between human activities and hippopota-
mus habitats in the LTBR creates significant conflict. Key
drivers of human-hippopotamus conflict include crop
raiding as hippopotamus frequently graze on crops such
as maize, sorghum, teff, and wheat, causing significant
economic losses to local farmers. Usually hippopota-
mus graze at night [47], and this feeding strategy may
indicate that they are utilizing the food that is available
in the vicinity of their daytime resting places. If a feed-
ing site is close by, hippopotamuses are likely to use it to
satisfy their dietary needs [34]. According to [20], when
resources became few, animals had to adjust their activ-
ity budget, leading to distinct activity patterns. Moreover,
hippopotamus rely on wetlands for grazing, which often
overlaps with areas used for livestock grazing and water
extraction, leading to resource competition and human-
hippopotamus conflict. Consequently, people often turn
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to killing or harassing hippopotamus, posing a further
threat to their population. To address this, effective man-
agement strategies that balance the needs of both hip-
popotamus and the local communities are essential to
ensure the species’ long-term conservation while mitigat-
ing economic losses and safety risks for residents.

Conclusion

The LTBR serves as an essential habitat for hippopotamus
populations, supported by its extensive wetlands, riv-
ers, and year-round water availability. However, increas-
ing human activities including agriculture, fishing, and
expansion of settlement have brought humans and hip-
popotamus into closer proximity, exacerbating conflicts.
These primarily involve crop raiding, competition for
grazing resources, and safety threats, resulting in signifi-
cant economic and social challenges for the local com-
munities. The study aimed to examine the distribution
range and human-hippopotamus conflicts in the LTBR.
The findings revealed that hippopotamus’ distribution is
influenced by the availability of water, vegetation cover,
food resources, and terrain of the shore. Temporal and
spatial variations in habitat suitability were identified,
with higher hippopotamus populations concentrated in
areas with consistent water availability. Conversely, drier
areas with limited water sources during the dry season
harbored significantly lower hippopotamus. Conflict is
a growing issue, with crop damage and resource compe-
tition identified as major threats in the area. To address
these challenges, it is essential to establish systems that
offer economic benefits to local communities, encour-
age coexistence, and compensate for losses caused by
wildlife. Implementing sustainable management strate-
gies including designated grazing areas for livestock, buf-
fer zones for hippopotamuses, habitat conservation, and
community-driven conflict resolutioncan foster a bal-
anced human-hippopotamus coexixtence in the LTBR,
Ethiopia.
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