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Abstract

This research examines the effect of river-water quality on the behavior of Hippopotamus amphibius in Mbam et Djerem National
Park, Cameroon. As key ecological players, hippos significantly influence their aquatic environments, making it essential to
understand how water quality impacts their behavior. Over a period of four months direct observations were made three times
per day, and four days each month to record the physical color of river water, serving as an aquatic habitat for hippopotamus.
This method was used to estimate the level of pollution. Simultaneously, observations were carried out on the behavior of
hippopotamus, focusing on activities in the river, adjacent vegetation, and environmental conditions. Simultaneously,
observations were carried out on the behavior of hippopotamus, focusing on activities in the river, adjacent vegetation, and
environmental conditions. The results reveal a notable correlation between water quality and hippo behavior. In contrast, optimal
water conditions facilitated increased social interactions and foraging efficiency. These findings highlight the critical role of
river-water quality in shaping hippo behavior and emphasize the need for effective water management practices to support the
health of this species and its habitat. This study contributes to the understanding of how environmental factors influence wildlife
behavior, providing insights for conservation strategies in Mbam et Djerem National Park and similar ecosystems. Further
research is warranted to explore the long-term implications of water quality fluctuations on hippo populations. The results of this
study recorded a significant association between river-water quality and day-period X2 = 19.243 df=4 P=0.001. More so, 70%
turbid and 12% deep brown water colors were recorded respectively. Different vegetation associated significantly with the river-
water quality of the aquatic environment of hippopotamus X2 = 10.688 df=4 P=0.040. Additionally, the physical river-water
quality recorded a significant link with the behavior of hippopotamus X2 = 8.912 df=4 P<0.05. In contrast, optimal water
conditions facilitated increased social interactions and foraging efficiency. These findings highlight the critical role of river-water
quality in shaping hippo behavior and emphasize the need for effective water management practices to support the health of this
species and its habitat. This study contributes to the understanding of how environmental factors influence wildlife behavior,
providing insights for conservation strategies in Mbam et Djerem National Park and similar ecosystems. Further research is
warranted to explore the long-term implications of water quality fluctuations on hippo populations.
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1. Introduction

Hippopotamus amphibius, commonly known as the hippo-
potamus, is a large semi-aquatic mammal primarily found in
sub-Saharan Africa. Recognized as a keystone species, hippos
significantly influence their ecosystems through their grazing
habits and nutrient cycling. Understanding how river-water
quality affects hippo behavior is paramount for conservation
efforts, particularly in protected areas where human activities
can alter aquatic environments. The acidity or alkalinity of
water can influence the health of aquatic plants and animals.
Research has shown that extreme pH levels can affect the
growth of aquatic vegetation, which is crucial for hippo forag-
ing [8]. Adequate levels of dissolved oxygen are essential for
the survival of aquatic organisms. Low oxygen levels can lead
to hypoxia, affecting not only the health of hippos but also the
availability of their food sources (Mason et al., 2019). In-
creased turbidity can limit light penetration, thereby reducing
photosynthesis in aquatic plants. This can lead to a decline in
food availability for hippos, impacting their foraging behavior
[19]. Excess nutrients, often from agricultural runoff, can lead
to eutrophication, which disrupts aquatic ecosystems. High
nutrient levels can cause algal blooms, further degrading wa-
ter quality and affecting hippo health [29].

Hippos primarily feed on grasses, but they also consume
aquatic vegetation. Studies have indicated that when water
quality deteriorates, the availability of aquatic plants de-
creases, compelling hippos to forage for food on land [4]. This
shift can expose them to increased predation risk and alter
their natural behavior. Hippos are social animals, often resid-
ing in pods [22]. Water quality impacts social interactions, as
stress from poor conditions can lead to increased aggression
and competition for limited resources [17]. Research shows
that in degraded environments, social structures can become
more hierarchical, affecting group cohesion. Poor water qual-
ity can lead to health issues, such as skin infections and gas-
trointestinal problems, due to increased exposure to pathogens
[13]. Behavioral changes, such as decreased activity levels or
increased aggression, may serve as indicators of stress related
to environmental quality.

Protected areas in sub-Saharan Africa face numerous chal-
lenges related to water quality. Human activities, such as ag-
riculture and urbanization, significantly impact river systems.
Pollution from agricultural runoff, waste discharge, and defor-
estation leads to degraded water quality, directly affecting
hippo populations [25]. Effective conservation strategies must
prioritize the management of water resources to mitigate these
impacts. According to [35], changes in water quality due to
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surrounding agricultural practices significantly affected hippo
foraging behavior, with hippos spending more time on land in
response to reduced aquatic vegetation [35]. A study by [9]
highlighted that poor water quality led to increased competi-
tion among hippos for limited food resources, resulting in
higher aggression and changes in social dynamics within pods.
The literature indicates a clear link between river-water qual-
ity and the behavior of Hippopotamus amphibius in protected
areas of sub-Saharan Africa. As water quality declines due to
anthropogenic influences, hippo foraging, social structures,
and overall health are adversely affected. Conservation efforts
must prioritize the maintenance and enhancement of water
quality to support the ecological roles of hippos [23]. Future
research should focus on longitudinal studies to better under-
stand the long-term implications of water quality fluctuations
on hippo behavior and population dynamics. Effective man-
agement strategies that involve local communities and address
water pollution are essential for the conservation of this iconic
species and its habitat.

In Mbam et Djerem National Park, Cameroon, understand-
ing the relationship between river-water quality and hippo be-
havior is crucial for effective conservation and management
of this keystone species. In Mbam et Djerem National Park,
conservation efforts must prioritize the monitoring and man-
agement of river-water quality. Anthropogenic activities, in-
cluding agricultural runoff and deforestation, pose significant
threats to water quality that can adversely affect hippo popu-
lations. The relationship between river-water quality and the
behavior of Hippopotamus amphibius in Mbam et Djerem Na-
tional Park is complex and influenced by various ecological
factors. While specific studies in this region are scarce, exist-
ing literature highlights the critical need for ongoing research
and effective management strategies. By prioritizing water
quality and habitat conservation, it is possible to support the
health and stability of hippo populations in this vital ecosys-
tem.

2. Materials and Method

2.1. Description of Study Area

Mbam et Djerem National Park is situated in the central re-
gion of Cameroon (Figure 1). The park's geographical coordi-
nates are approximately 4.5° N latitude and 13.5° E longitude.
Covering an area of about 4,200 square kilometers, the park
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spans across the Mbam and Djerem divisions, providing a crit-
ical habitat for various flora and fauna [5]. The climate of the
national park is characterized by a tropical savanna climate,
influenced by its elevation and proximity to the equator. Aver-
age temperatures range from 18°C to 30°C, with higher tem-
peratures typically observed during the dry season. The park
experiences two main seasons: a wet season (April to October)
and a dry season (November to March). Annual rainfall aver-
ages between 1,500 mm and 2,000 mm, with peak precipita-
tion occurring from June to August. Humidity levels are gen-
erally high, especially during the wet season, contributing to
the lush vegetation and diverse ecosystems within the park.
The vegetation of the park is diverse, comprising various eco-
systems [1, 2]. The park contains extensive arcas of dense
tropical rainforest, characterized by a variety of tree species

such as African mahogany and ebony [6]. The park supports a
variety of large mammals, including elephants (Loxodonta af-
ricana) [12], buffalo (Syncerus caffer), and the hippopotamus
(Hippopotamus amphibius). Additionally, several primate
species, such as the De Brazza's monkey (Cercopithecus ne-
glectus) and chimpanzees (Pan troglodytes), inhabit the for-
ested areas [15]. The drainage system of the park is character-
ized by several rivers and streams that flow through the park,
playing a critical role in shaping the landscape and supporting
the diverse ecosystem. The Djerem River, which becomes the
Sanaga further south, is the primary watercourse that flows
through the park [10]. These rivers provide essential water re-
sources for wildlife and contribute to the park's overall biodi-
versity.

Figure 1. Map of Mbam et Djerem National Park: Source [20].

2.2. Method of Data Collection and Analysis

Researching the behavior of hippopotamuses in relation to
river-water quality requires a robust and comprehensive data
collection method. This study aims to investigate how varia-
tions in water quality impact the behavior of Hippopotamus
amphibius in Mbam et Djerem National Park, Cameroon.
Over a period of four months direct observations were made
three times per day, and four days each month to record the
physical color of river water, serving as an aquatic habitat for
hippopotamus. This method was used to estimate the level of
pollution. Simultaneously, observations were carried out on
the behavior of hippopotamus, focusing on activities in the
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river, adjacent vegetation, and environmental conditions. Col-
lected data were analyzed using statistical software (SPSS).
Correlation and chi-square analyses were performed to assess
relationships between water quality parameters and hippopot-
amus behaviors [3].

3. Results

The results of this study recorded a significant association
between river-water quality of hippopotamus and photo-pe-
riod X2 = 19.243 df=4 P=0.001 (Figure 2). Turbidity refers to
the cloudiness of water caused by suspended particles, which
can affect light penetration and aquatic vegetation growth.
High turbidity often correlates with increased sedimentation
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and pollutants, leading to lower dissolved oxygen levels [34].
In turbid waters, hippopotamuses may alter their foraging be-
havior as visibility decreases, impacting their feeding effi-
ciency. Clear water is indicative of good water quality, often
supporting diverse aquatic vegetation. In these conditions,
hippopotamuses may exhibit increased foraging behavior dur-
ing all times of day, as visibility allows them to effectively
locate and consume food [8]. Clear water also tends to have
higher dissolved oxygen levels, which are essential for the
overall health of the aquatic ecosystem. Deep brown pollution,

100%
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6:00AM - 3:00PM
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often resulting from organic matter and tannins leaching into
the water, can significantly influence hippopotamus behavior.
This type of pollution may affect water temperature and dis-
solved oxygen levels, further impacting the availability of
food resources. Hippopotamuses in polluted waters may spend
more time submerged to cool off and avoid exposure to con-
taminants [32]. Research indicates that hippopotamus activity
varies by time of day, influenced by water quality conditions.
The following sections outline observed behaviors during
morning, afternoon, and evening periods.

4:00PM - 6:00PM

7:00PM - 5:00AM

PHOTO-PERIOD

m CLEAR ®mTURBID mPOLLUTED

Figure 2. River-water Quality and Time of Day.

In the early morning, hippopotamuses tend to emerge from
the water to graze on vegetation along the riverbanks. During
this time, clear water conditions enhance their foraging effi-
ciency as they can easily see and access food sources [23]. In
contrast, turbid waters may lead to reduced foraging time as
animals struggle to locate food. Studies have shown that in
turbid conditions, hippos may remain in the water longer, de-
laying their return to land [13]. Afternoon periods often see a
decline in activity due to increased temperatures. In clear wa-
ter, hippopotamuses may engage in social behaviors and bask
in the sun. However, in turbid and polluted waters, they may
remain submerged to regulate their body temperature and
avoid stress from pollutants [31]. Research indicates that hip-
pos in polluted environments exhibit increased aggression and
altered social structures, impacting their overall activity levels
[3]. As the sun sets, hippopotamuses become more active, re-
turning to land for foraging. Clear water conditions encourage
extended foraging periods, as hippos capitalize on cooler tem-
peratures and lower visibility for social interactions [34]. Con-
versely, in turbid and polluted conditions, evening activity
may be curtailed as they prioritize safety and health over for-
aging, resulting in shorter durations spent on land.
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Figure 3. River-water Quality.
The study recorded 70% turbid and 12% polluted river-wa-

ter quality respectively (Figure 3). Water quality is a critical
component of aquatic ecosystems, influencing biodiversity,
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habitat health, and species behavior. In Mbam et Djerem Na-
tional Park, water quality varies significantly across different
regions and times, with assessments indicating that approxi-
mately 70% of the river water is classified as turbid and 12%
is rated as deep brown polluted. Turbidity is defined as the
cloudiness or haziness of a fluid caused by large numbers of
individual [34]. High turbidity levels can significantly impact
aquatic life by reducing light penetration, which is essential
for photosynthesis in aquatic plants. Urban runoff and con-
struction activities around the park lead to elevated levels of
suspended particles in the water. Seasonal rains can increase
sediment inflow, exacerbating turbidity levels [31]. High tur-
bidity decreases light availability, impacting the growth of
aquatic vegetation, which serves as food and habitat for vari-
ous species, including hippopotamuses. Increased sedimenta-
tion can smother benthic habitats, affecting organisms that
dwell on the riverbed [32]. Deep brown pollution typically re-
sults from organic matter decomposition and the presence of
tannins, often leading to water quality degradation. High lev-
els of decomposing plant material, often from surrounding for-
ests, contribute to the brown coloration of the water. This type

100%
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20%
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0%
RIVERINE

mCLEAR mTURBID

SWAMP

of pollution can influence the chemical properties of the water,
including pH and dissolved oxygen levels, which are crucial
for aquatic life [10]. Deep brown polluted waters can create
an inhospitable environment for sensitive aquatic species,
leading to reduced biodiversity [14]. Species such as hippo-
potamuses may alter their activity patterns in response to
changes in water quality, seeking clearer waters for foraging
and social interactions [23]. The combination of high turbidity
and significant levels of deep brown pollution poses serious
challenges for the aquatic ecosystem in Mbam et Djerem Na-
tional Park. The adverse effects of turbidity and pollution can
lead to a decline in species richness and abundance in the
aquatic ecosystem, disrupting food webs. Fish species that are
sensitive to changes in water quality may decline, further af-
fecting the species that rely on them for food [34]. Hippopot-
amuses may avoid areas with high turbidity or pollution, im-
pacting their foraging efficiency and social behaviors [32].
Prolonged exposure to polluted waters can pose health risks to
hippopotamuses, potentially leading to disease and mortality
[31].

LAKE

HABITAT

POLLUTED

Figure 4. River-water Quality and Type of Habitat.

The river-water physical quality showed a significant asso-
ciation on vegetation type X? = 5.405 df=4 P<0.05 (Figure 4).
Vegetation plays a critical role in the health of aquatic ecosys-
tems, influencing water quality and, consequently, the behav-
ior and activity of species such as the hippopotamus (Hippo-
potamus amphibius). In Mbam et Djerem National Park, the
interaction between vegetation types and river water quality is
essential for understanding how these factors affect hippopot-
amus populations. This literature review examines the influ-
ence of different vegetation types on river water quality and
the subsequent effects on hippopotamus activity. Riparian
zones, characterized by vegetation alongside riverbanks, serve
as critical buffers that stabilize soils, reduce erosion, and filter
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pollutants from surface runoff [26]. Riparian vegetation can
absorb excess nutrients from agricultural runoff, such as ni-
trates and phosphates, thereby reducing nutrient loading in
rivers [21]. Trees and shrubs provide shade, which helps reg-
ulate water temperature and maintain dissolved oxygen levels,
critical for aquatic life [31]. The presence of lush aquatic and
riparian vegetation positively correlates with hippopotamus
foraging success. Areas with diverse plant species provide
more food options, influencing the duration and frequency of
foraging activities [23]. Different vegetation types vary in nu-
tritional content, impacting the health and energy levels of
hippopotamuses. High-quality forage can lead to increased
foraging time and social interactions among individuals [32].
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Figure 5. Day Period.

Different day periods recorded 35% for morning and after-
noon periods and 30% for evening period respectively (Figure
5). Hippopotamuses exhibit distinct daily activity patterns,
with 35% of their time spent active during the morning and
afternoon and 30% during the evening. These patterns are pri-
marily driven by feeding behaviors, social interactions, and
territorial dynamics. Understanding the implications of these
activity distributions is essential for effective conservation
strategies aimed at protecting both hippopotamus populations
and their habitats. During the morning and early afternoon,
hippopotamuses engage in significant feeding activities. They
typically emerge from water bodies to graze on grasses and

WETLAND
12%

FOREST
50%

other vegetation, taking advantage of cooler temperatures be-
fore the heat of the day sets in [31]. Morning hours often see
increased social interactions among hippopotamus pods. As
they forage, they engage in grooming behaviors and social dis-
plays that help maintain group cohesion and hierarchy [23].
Males may also exhibit territorial behavior during this time,
especially in areas where food resources are abundant. This
can lead to increased aggression as they establish dominance
over feeding grounds [34]. The evening period marks a shift
in activity as hippos prepare for nocturnal foraging. They are
most active during this time, utilizing cooler temperatures to
graze extensively on terrestrial vegetation [32].

GRASSLAND
38%

Figure 6. Vegetation Type.

The vegetation types recorded were 50% forest, 38% grass-
land, and 12% wetland respectively (Figure 6). Forests (50%),
grasslands (38%), and wetlands (12%) each play vital roles in
maintaining ecological balance and supporting biodiversity.
Their unique characteristics and functions highlight the need
for comprehensive conservation strategies that address the
specific challenges faced by each vegetation type. Continued
research and management efforts are essential for preserving
these critical ecosystems and the diverse species that depend
on them. Forests are characterized by a dense canopy of trees,
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which can vary significantly based on geographic location,
climate, and soil type. They are rich in biodiversity, providing
habitat for a wide range of flora and fauna. Forests host a vast
array of species, including trees, shrubs, and understory plants.
The complexity of forest structures supports numerous animal
species, from insects to large mammals [26]. Forests play a
vital role in carbon storage, absorbing CO, from the atmos-
phere and helping mitigate climate change [27].
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TERRESTRIAL
VEGETATION
88%

Figure 7. Food Resource.

Hippopotamus terrestrial vegetation food resource 88% and
aquatic vegetation is 12% (Figure 7). Hippopotamuses (Hip-
popotamus amphibius) are predominantly herbivorous mam-
mals that rely on a diverse range of vegetation for their nutri-
tional needs. In ecosystems like Mbam et Djerem National
Park, the distribution and availability of terrestrial (88%) and
aquatic (12%) vegetation significantly influence their behav-
ior, including foraging habits, social dynamics, and overall
health. The predominance of terrestrial vegetation (88%) over
aquatic vegetation (12%) significantly influences the behavior
of hippopotamuses in riverine ecosystems. By shaping forag-
ing patterns, social interactions, and health, these food re-
sources are critical for the survival and reproductive success

FEEDING

SOCIAL
INTERACTION

ANIMAL BEHAVIOR

of this species. Hippopotamuses are primarily nocturnal graz-
ers, foraging for terrestrial vegetation at night. The abundance
of terrestrial food resources (88%) allows them to cover sig-
nificant distances in search of quality forage, impacting their
daily activity patterns [23]. Hippos exhibit selective feeding
behaviors, preferring tender parts of plants. The availability of
diverse terrestrial vegetation encourages this selective forag-
ing, ensuring they meet their nutritional requirements [31].
The majority of feeding occurs in areas with dense terrestrial
vegetation, which not only provides food but also cover from
predators. In contrast, aquatic plants are often a supplementary
resource, utilized when terrestrial options are scarce [34] (Vale
et al., 2024).

RESTING

mCLEAR ®mTURBID mPOLLUTED

Figure 8. River-water quality and Behavior of Hippopotamus.

There was a significant link between river-water quality and
animal behavior X*=8.912 df=4 P<0.05 (Figure 8). The qual-
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ity of river water significantly influences the behavior of hip-
popotamuses, impacting their foraging habits, social interac-
tions, and overall health. Pollution in river systems poses a
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serious threat to the survival of this iconic species. Effective
conservation strategies must prioritize water quality manage-
ment to ensure the sustainability of hippopotamus populations
and the ecosystems they inhabit. Hippopotamuses (Hippopot-
amus amphibius) are large semi-aquatic mammals that inhabit
rivers and lakes across sub-Saharan Africa. They rely heavily
on freshwater ecosystems for their survival, making them par-
ticularly vulnerable to changes in river water quality. Polluted

18
16
14
12

FREQUENCY

o N B O

GRASSLAND

waters often harbor pathogens and parasites that can affect the
health of hippopotamuses. The introduction of these harmful
microorganisms can lead to increased disease susceptibility,
which can disrupt social structures and feeding behaviors [28].
Increased sedimentation from soil erosion and runoff can lead
to turbid water conditions, impacting visibility and food avail-
ability for hippos.

FOREST WETLAND

VEGETATION TYPE

=== CLEAR

TURBID

POLLUTED

Figure 9. River-water Quality and Vegetation.

Vegetation type related significantly with water quality
X?=10.688 df=4 P=0.030 (Figure 9). The interplay between
river water quality and vegetation type significantly influ-
ences the behavior and health of hippopotamuses. Maintain-
ing high water quality and diverse, healthy vegetation is es-
sential for supporting hippopotamus populations and ensuring
the sustainability of riverine ecosystems. Effective conserva-
tion strategies must address these interconnected factors to
protect this iconic species and its habitat. The types of vegeta-
tion in riverine ecosystems, such as aquatic plants, grasses,
and shrubs, play a significant role in supporting hippopotamus
populations. The availability and quality of these plants di-
rectly influence their foraging habits. Hippopotamuses rely on
a variety of aquatic plants, including reeds, sedges, and sub-
merged vegetation, for sustenance. The health of these plant
communities is closely tied to water quality, as polluted waters
can diminish plant growth and diversity [31]. In addition to
aquatic plants, hippos graze on grasses and shrubs in sur-
rounding areas. The quality and availability of terrestrial veg-
etation can be affected by water quality, particularly in flood-
plain ecosystems where nutrient runoff can enhance or de-
grade plant growth [23]. High water quality supports robust

aquatic plant growth, providing ample food sources for hippos.

Conversely, poor water quality can lead to reduced vegetation
availability, forcing hippos to travel further and expend more
energy in search of food [32]. Changes in water quality can
also lead to shifts in diet composition. For example, when pre-
ferred aquatic plants are scarce due to pollution, hippos may
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be forced to consume less nutritious or less palatable vegeta-
tion, potentially affecting their health and reproductive suc-
cess [34]. In areas where vegetation is limited due to poor wa-
ter quality, competition for food can increase, leading to ag-
gressive interactions among individuals. This can disrupt so-
cial hierarchies and negatively impact breeding success [23].

4. Discussion

Hippopotamuses (Hippopotamus amphibius) are primarily
aquatic mammals that rely heavily on riverine ecosystems for
their survival. As such, they are particularly vulnerable to the
impacts of river water pollution. This literature review exam-
ines how different types of pollution, chemical, biological, and
physical, affect the behavioral activities of hippopotamuses,
including foraging, social interactions, and overall health.
Runoff from agricultural activities often leads to nutrient pol-
lution, particularly nitrogen and phosphorus. This can result in
algal blooms, which reduce water quality and deplete oxygen
levels, adversely affecting the aquatic ecosystem [30]. Indus-
trial discharges introduce heavy metals (e.g. mercury, lead)
and other toxins into river systems, which can accumulate in
the tissues of aquatic organisms and subsequently affect the
health of hippos that consume contaminated vegetation or wa-
ter. Pollution can introduce pathogens and parasites into river
systems, which not only affect the health of hippopotamuses
but also disrupt their social dynamics and behavior [28]. Pol-
luted waters may favor the proliferation of invasive species
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that can outcompete native flora and fauna, disrupting the eco-
logical balance of the habitat [36]. Increased sedimentation
from erosion due to land use changes can lead to turbidity in
water, affecting visibility and food availability for hippopota-
muses. Sediment can smother aquatic vegetation, reducing the
food supply [7]. Urban runoff and improper waste disposal
can introduce solid waste and debris into river systems, further
degrading habitat quality and impacting hippo behavior.
Chemical pollution, particularly nutrient enrichment, can lead
to harmful algal blooms that reduce the availability of aquatic
vegetation. Hippos rely on both aquatic and terrestrial plants
for nutrition, and reduced food sources can force them to ex-
pend more energy searching for adequate forage [31]. Polluted
waters may lead hippos to alter their foraging preferences, po-
tentially moving to less polluted areas or changing their diet
to include less desirable vegetation, which may not provide
adequate nutrition [23].

As other herbivores take refuge from heat, hippos can ex-
ploit feeding grounds with less competition, allowing them to
consume larger quantities of vegetation [31]. Evening gather-
ings provide opportunities for social bonding and reinforce-
ment of social hierarchies within pods. Hippos may engage in
synchronized movements as they move towards feeding areas,
further enhancing group cohesion [23]. The distribution of ac-
tivity periods impacts the feeding efficiency of hippopota-
muses. By foraging during cooler parts of the day, they mini-
mize energy expenditure and reduce the risk of overheating,
which is critical given their large size and thick skin [34]. Ac-
cess to quality forage during specific times of the day can sig-
nificantly affect the health and nutritional status of hippopot-
amus populations. Effective feeding strategies during morning
and evening hours ensure optimal energy intake, which is es-
sential for reproduction and overall well-being [32]. Under-
standing the daily activity patterns of hippopotamuses is vital
for conservation strategies. Habitat management efforts
should consider the timing of hippopotamus activities to min-
imize human-wildlife conflict, particularly in areas where ag-
ricultural encroachment occurs. Conservation efforts should
prioritize the protection of key feeding areas and water
sources to support the natural behavior of hippopotamuses, es-
pecially during peak activity periods [23].

Forests contribute to the hydrological cycle by enhancing
groundwater recharge, maintaining stream flows, and reduc-
ing soil erosion through root structures [11]. Grasslands are
dominated by grasses and herbaceous plants, with few trees or
shrubs. They typically occur in regions with moderate to low
rainfall and are often maintained by periodic disturbances
such as fire or grazing. Grasslands can be categorized into var-
ious types, including prairies, savannas, and steppes, each
with unique species compositions and environmental condi-
tions [18]. Wetlands are transitional zones between terrestrial
and aquatic ecosystems, characterized by saturated soils and
the presence of water-loving vegetation, such as reeds and
sedges. Wetlands can be classified into various categories, in-
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cluding marshes, swamps, and bogs, each with distinct hydro-
logical and ecological features [24]. Wetlands play a crucial
role in filtering pollutants and sediments from water, improv-
ing overall water quality in adjacent ecosystems [37]. Wet-
lands act as natural buffers, absorbing excess rainfall and re-
ducing the risk of flooding in surrounding areas [24]. Wet-
lands provide critical habitats for a variety of aquatic and
semi-aquatic species, including fish, amphibians, and migra-
tory birds. These areas are often biodiversity hotspots [16].
Many species rely on wetlands as breeding grounds, empha-
sizing their importance in maintaining healthy populations of
aquatic organisms [37]. Conservation efforts should adopt an
integrated approach that recognizes the interconnectedness of
these ecosystems and their roles in supporting biodiversity and
ecosystem services. Protecting and restoring degraded habi-
tats across all three vegetation types is crucial for enhancing
ecological resilience and supporting wildlife populations.

The smothering of aquatic vegetation reduces the quality of
forage available in their habitats [ 7] (Dudgeon, 2000). Turbid-
ity can hinder foraging efficiency, forcing hippos to expend
more energy searching for food. This can lead to behavioral
changes, such as increased nocturnal foraging to avoid com-
petition with other herbivores [31]. Water temperature and
flow rates can also influence hippopotamus behavior. Pollu-
tants can alter the thermal properties of water, which can affect
the distribution of aquatic vegetation and the overall health of
the ecosystem [26]. Water quality directly affects the foraging
patterns of hippopotamuses. Poor water quality can force hip-
pos to alter their feeding strategies, leading to increased for-
aging distances and changes in diet composition. This behav-
ior can result in energy deficits, affecting their overall health
and reproductive success [23]. The social dynamics of hippo-
potamus pods are closely linked to environmental conditions.
Increased competition for food due to diminished vegetation
can lead to heightened aggression and territorial disputes
among group members, disrupting social structures and lead-
ing to stress [32]. Poor water quality significantly impacts the
health of hippopotamuses, affecting their reproductive capa-
bilities. Stress induced by environmental changes can lead to
hormonal imbalances and lower reproductive rates, which can
have long-term consequences for population sustainability.

In areas with abundant terrestrial vegetation, social hierar-
chies tend to be more stable, as food is plentiful. However,
during periods of food scarcity, competition may increase,
leading to heightened aggression and altered social dynamics
[32]. In favorable feeding conditions, hippos may exhibit co-
operative behaviors, such as foraging in groups and increased
social interactions, which can enhance group cohesion and re-
productive success [23]. The availability of high-quality ter-
restrial food resources positively influences maternal care and
calf survival. Mothers with access to abundant nutrition are
better able to rear healthy calves, which is essential for the
population's sustainability [31]. Terrestrial vegetation gener-
ally offers higher nutritional value compared to aquatic plants.
Access to diverse and high-quality forage can reduce the risk
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of malnutrition and enhance overall health, reproductive suc-
cess, and longevity [34].

Pollution can lead to stress and health issues among hippo-
potamuses, potentially increasing aggressive interactions
within pods. This can disrupt social hierarchies and affect re-
productive success [34]. The introduction of pathogens can
compromise individual health and lead to increased mortality,
further affecting social dynamics within groups [28]. Polluted
waters can increase the prevalence of diseases and parasites,
compromising the health of hippos and reducing their repro-
ductive success. Health issues can lead to lower calf survival
rates, negatively impacting population dynamics. Exposure to
pollutants can induce stress responses in hippos, which can
alter their normal behaviors, such as feeding and socializing.
Chronic stress may lead to long-term health issues, including
hormonal imbalances and reproductive challenges [23]. Reg-
ular assessment of water quality in habitats inhabited by hip-
popotamuses is essential for early detection of pollution and
its impacts. Monitoring can help identify pollution sources
and inform management practices [7]. Conservation efforts
should focus on restoring polluted river ecosystems to im-
prove water quality and, by extension, the health and behavior
of hippos. This includes controlling runoff and reducing in-
dustrial discharges into river systems. Raising awareness
about the impacts of pollution on wildlife, including hippos,
can foster community involvement in conservation efforts and
promote sustainable practices. River water pollution signifi-
cantly impacts the behavioral activities of hippopotamuses, af-
fecting their foraging patterns, social interactions, and overall
health. By understanding these impacts, conservationists and
managers can implement effective strategies to protect both
hippopotamus populations and the integrity of their aquatic
habitats. Understanding the influence of water quality on hip-
popotamus activity is crucial for conservation efforts in Mbam
et Djerem National Park. Poor water quality can lead to habitat
degradation and reduced food availability, ultimately threat-
ening the health and survival of hippopotamus populations
[10]. Effective management strategies must consider water
quality monitoring and pollution control to ensure the sustain-
ability of hippopotamus habitats.

5. Conclusion

The quality of river water in Mbam et Djerem National Park
plays a critical role in shaping the behavior of hippopotamuses
(Hippopotamus amphibius), an essential species within this
unique ecosystem. Firstly, water quality directly affects the
availability of food resources, which is vital for the nutritional
needs of hippos. Pollutants such as nutrients from agricultural
runoff can lead to harmful algal blooms, reducing the presence
of aquatic vegetation that hippos rely on for sustenance. Con-
sequently, diminished food availability forces hippos to ex-
pend more energy searching for alternative sources, which can
lead to increased competition within pods and heightened
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stress levels. Secondly, the introduction of pathogens and con-
taminants into river systems impacts the health and social dy-
namics of hippopotamus populations. Poor water quality can
heighten the risk of disease transmission and reduce reproduc-
tive success, leading to a decline in population numbers. So-
cial interactions, which are crucial for maintaining the struc-
ture and cohesion of hippopotamus pods, may also be dis-
rupted as individuals become more aggressive due to stress
and competition for dwindling resources. Moreover, the be-
havior of hippos during different times of the day is influenced
by water quality. For instance, the need to avoid polluted arcas
may alter their foraging patterns, pushing them to feed less
frequently or in different locations. This shift can affect their
energy levels and overall fitness, further compounding the
challenges posed by a degraded environment. The interplay
between river-water quality and hippopotamus behavior in
Mbam et Djerem National Park is a pressing concern for con-
servationists and wildlife managers. Protecting and improving
water quality is essential not only for the health of hippopota-
mus populations but also for the entire aquatic ecosystem. Ef-
fective management strategies should focus on monitoring
water quality, mitigating pollution sources, and restoring hab-
itats to ensure that these iconic animals can thrive in their nat-
ural environment. Continued research is necessary to further
elucidate the complex relationships between water quality and
hippopotamus behavior, ultimately guiding sustainable con-
servation efforts in the region.
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