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Abstract 

 
The diurnal activity pattern of the African buffalo was investigated for two years in Gambella 

National Park.  This study was aimed to examine the activity pattern of the African buffalo in the 

park. Habitat types in the park were stratified into four, namely forestland, wooded grassland, 

savanna grassland, and wetland.  During the herd following, all activities and their respective 

duration were continuously recorded every 5 minutes from 06:00 to 18:00 h using a stopwatch.  

The daily time budget was computed by summing up all observations per day. The results of the 

diurnal activities during the wet seasons of 2022 & 2023 indicated that African buffalo devote 

more time to feeding-related activities compared to the others.The study concluded that, diurnal 

activity patterns of African buffalo can be an effective factor that determines the animals and their 

interaction with their environment. The study is intended to recommend the possible protection of 

the park through imposing legal policies that govern the park.   
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1. INTRODUCTION 

As a single species may show different behavioral patterns in different environmental conditions (Delany 

and Happold, 1979), effective management of a species depends on a thorough knowledge of the way in 

which it interacts with its specific environment (Leuthold, 1977). One of the most useful methods of 

describing this interaction is to quantify the basic activity patterns, which exist for any species at a given 

time and place during the different seasons (Jarman and Jarman, 1973; Leuthold, 1978). Ruminants have a 

general circadian rhythm consisting of a few long feeding periods, followed by a few long ruminating and 

resting periods (Jarman and Jarman, 1973; Wyatt and Eltringham, 1974; Waser, 1975). Annual cycles in a 

buffalo's activity are influenced by forage quality and quantity, digestive system constraints, and energy 

conservation needs (Jarman & Jarman 1973; Walther 1973; Mitchell 1977; Leuthold 1977; Green & Bear 
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1990). The environmental constraints include weather conditions, human activity, and predation risk the 

peaceful coexistence of African buffalo (Walther 1973; Funston 1992). The study on the activity patterns 

of African buffalo (Syncerus caffer Sparrman, 1779) was all conducted in areas within their historical 

distribution and, therefore, in habitats suitable for buffalo and which included large predators and illegal 

poaching. These studies were mainly in East Africa (Grimsdell & Field, 1976; Sinclair, 1977; M. 

Loszewski, 1983; Prins, 1987). Seasonal changes in the activity pattern of buffalo were found to be 

governed primarily by the quality and quantity of food available (Leuthold 1972; Sinclair 1974; Field 

1976; Beekman & Prins 1989). Based on the data available in the literature, expected grazing and 

ruminating times for buffalo are short during the wet season, when high-quality food is abundant, but as 

food quality and quantity decrease during the dry season, the expected grazing and ruminating times 

increase (Sinclair 1974; Grimsdell & Field 1976; Taylor 1989; Funston 1992). The primary factor 

controlling the temporal distribution of buffalo activity patterns is ambient temperature (Sinclair 1974; 

Grimsdell & Field 1976; Lewis 1977; MLoszewski 1983; Taylor 1989). The main aim of this study is to 

determine the activity pattern made by the African buffalo in Gambella National Park.  

2. METHODS AND LIST OF MATERIALS 

2.1. Description of the study area 

Gambella National Park is located in the lowland plain of Gambella People’s National Regional State 

(EWCA, 2021). According to EWCA (2021), the park is situated within a latitude of 8oN and a longitude 

of 34 °15'E, and its coordinates are 7 °52’N 34 °0’E. The park is situated between eight administrative 

districts, namely Makuey, Lare, Wanthoar in the north, Akobo in the west, Itang and Abobo in the east, 

Gog and Jor in the south (Figure 1). The Park has 4,575 km2, and is one of the largest national parks in 

Ethiopia (EWCA, 2021). It was established in 1973 and has a diverse set of habitat types, which Ethiopia 

shares with South Sudan (Zoomer and Kaag, 2014). Vast collections of plains game are found in the park, 

and perhaps that can be considered as one of the top wildlife areas of Ethiopia (Gatluak and Kumelachew, 

2020).  

 

Figure 1. Map of the study area 
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Gambella National Park is characterized by unimodal rainfall brought by tropical monsoons blowing from 

the South Atlantic and Indian oceans. It is also characterized by heavy rainfall during the wet season (May 

to October) and very little precipitation during the dry season (November to April). The mean annual 

rainfall of the park is 1400mm. The mean annual temperature is 27oC but the mean monthly temperature 

varies significantly. The absolute maximum temperature of 45 °C has been recorded in mid-March, while 

the absolute minimum temperature of 10.3 °C has been recorded in December (Figure 2) (CSG, 2000). 

 

Figure 2.Climatic diagram of the study area from 2007-2017 (Azeb et al., 2019) 

The study area comprises contrasting topographic features with altitude varying from 394 m.a.s.l. in 

western lowland areas to 2300 m a.s.l. in eastern highlands. The land mass of the region is an extensive flat 

plain that is surrounded by chains of mountains, which form a drainage system in the North and 

southeastern part of the region. The park is located in a flat plain with an average altitude of 500 m.a.s.l. 

(Selkhoz, 1989). 

The vegetation of Gambella National Park comprises Combretum-Terminalia woodland, Tamarindus-

Terminalia woodland located in the eastern part of the park, and the Balanites-Acacia woodland, Acacia 

woodland, Ziziphus-Acacia wooded grassland, Orzya-Ziziphus savannah grassland, and Hyparrhenia-

Orzya open grassland situated in the west, northwest, and central parts of the park (Gatluak, 2014). The 

Cyperus-Perpyrmuo-Orzya seasonal swamp, Orzya-Hyparrhenia permanent swamp, and Orzya permanent 

swamps are also other major vegetation community types found in the park's wetland habitats (Gatluak, 

2014). 

The Park has diverse wildlife resources with 69 species of mammals, 327 species of birds, 7 species of 

reptiles, 493 species of plants, and 92 species of fish (Selkhoz, 1989). Wild animals such as White-eared 

kob (Kobus kob), Nile lechwe (Kobus megaceros), African elephant (Loxodonta africana), African Buffalo 

(Syncerus caffer), Lion (Panthera leo), Leopard (Panthera pardus), Roan antelope (Hippotragus equinus), 

Giraffe (Giraffa Camelopardalis reticulata), Lelwel hartebeest (Alcelaphus buselaphus), and Tiang 

(Damaliscus lunatus) are important species of the park. Some of these species, such as Nile lechwe (Kobus 

megaceros) and White eared kob (Kobus kob), are regionally endemic (Gatluak, 2014). Rare bird species 
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such as the Shoebill stork (Balaeniceps rex), Black-winged pratincole (Glareolanordmanni), and Basra 

reed warbler (Acrocephalus griseldis) are a unique feature of the avian fauna of the area (Gatluak, 2014). 

2. 2. Methods 

Reconnaissance was conducted at the study area during January 2022. During this period, the biological 

and physical features of the study area were assessed. Accessibility, climate, habitat type, topography, and 

the local community residing near the park were identified. Trial transects were laid randomly based on the 

representation of the main vegetation zones in the park, and thus, trial transect runs have been carried out 

to observe changes in the behavior of African Buffaloes and to estimate detection distances in different 

habitats.   

2.2.1. Sampling Design  

Based on reconnaissance, habitat types in the park were stratified into four, namely: forestland, wooded 

grassland, savanna grassland, and wetland. Thus, following the stratified habitat types, the survey design, 

line-transect distance sampling methodology was employed (Buckland et al., 1993). To obtain a uniform 

coverage of the entire area and ensure that transects are randomly placed concerning the types of habitats, a 

satellite map of GNP was used to establish potential transects on each habitat type, keeping a 0.5km 

distance between each transect. A total of 35 transects to all habitat types were placed based on the 

proportionate sampling of the whole park. Hence, 30 transects were for both wooded grassland, savanna 

grassland, and wetland. While the remaining 5 transects were for forestland. Then, sample transects were 

selected randomly and verified for their suitability (accessibility, not resting on cliffs, shallows, etc) on the 

ground. Based on the size of the habitat type, the number and length of transects were varied. Hence, a 

disproportionate stratified sampling technique was employed.  

2.2.2. Data Collection 

Activity patterns of African buffaloes were investigated during the study period (2022-2023). Following 

Lehner (1996), the focal-animal sampling method will be used to study the diurnal activity patterns of the 

African buffaloes in the park. The selected Buffalo herd was followed on foot and observed by unaided 

eyes and/or by using binoculars. A total of 12 individual African buffaloes were taken as a sample to 

investigate the diurnal activities. During the following the herd, all activities such as feeding, resting, 

standing, walking, running, wallowing, defecating, urinating, scratching, drinking, grooming, and their 

respective duration were continuously recorded every 5 minutes from 06:00 to 18:00 h using a stopwatch.   

2.2.3. Data Analysis 

Observations of each day were pooled as a percentage of African Buffalos in different activities for twelve 

one-hour periods; i.e. 06:00– 07:00, 07:00–08:00, 08:00–09:00, 09:00–10:00, 10:00–11:00, 11:00–12:00, 

12:00–13:00, 13:00– 14:00, 14:00–15:00, 15:00–16:00, 16:00–17:00 and 17:00–18:00 h. Furthermore, the 

daily time budget was computed by summing up all observations per day. One-way ANOVA was used to 
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analyze the mean difference in daily activity patterns. Chi-Square and Kruskal-Wallis Tests were used to 

compare daily activity patterns based on season and habitat types.   

3. RESULT AND DISCUSSION 

 3.1. Diurnal Activity Pattern of African Buffalo 

The results of the diurnal activities during the wet seasons of 2022 & 2023 indicated that African buffalo 

devote more time to feeding-related activities compared to the others. According to the average of 30.20% 

of hours of the day, the herds of the African Buffalo are devoted to feeding. And 19.16% of hours are spent 

on standing. The result showed that 17.63% of the hours were spent on walking, while 10.06% were spent 

on resting. Among 7.49% were on running, and 7.05% spent on wallowing. The least hours 1.38% spent 

on drinking, followed by grooming of 2.36%, and 4.44% on defecating. (Table 1). The result of the diurnal 

activities during the dry seasons of 2022 & 2023 indicated that African buffalo devote more time to 

feeding-related activities when compared to the other. According to the average of 30.87% of hours of the 

day, the herds of the African Buffalo are devoted to feeding. And 18.47% of hours are spent on standing. 

The result showed that 16.24% of the hours were spent on walking, while 9.85% were spent on resting. 

Among 7.89% were on running, and 7.49% spent on wallowing. The least hours, 1.45% spent on drinking, 

followed by grooming of 2.29%, and 4.72% for defecating (Table 2). 

The difference in time allocation among the different activities was statistically significant during the wet 

season (χ2 = 45.6, df=2, P<0.05) and during the dry season (χ2= 34.7, df=1, P<0.05). Time spent on 

feeding was higher during the dry season than during the wet season. On the other hand, there was a 

significant increase in grazing and a decrease in resting/ruminating during both wet and dry seasons. When 

wet and dry seasons components of the herd activity budget was compared, the buffaloes spent a 

significantly greater proportion of time feeding during the dry season than during the wet season (χ2= 

10.15, df=1, P<0.05) and had a trend towards a greater proportion of time resting during the wet season 

than during the dry season (χ2= 15.6, df=1, P<0.05). 

Table 1. Table 1. Activity Pattern during Wet Season (2022 & 2023) 

Hours of the 

day 

                                          Activities Pattern during the wet season (2022 & 2023) 

Feeding Standing Resting Walking Running Wallowing Grooming Drinking Defecating 

06:00-07:00 20.83% 4.16% 8.33% 13.33% 18.33% 13.33% 6.66% 0.00% 15.00% 

07:00-08:00 50.00% 0.00% 25.00% 25.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

08:00-09:00 50.00% 0.00% 50.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

09:00-10:00 50.00% 0.00% 23.33% 14.66% 0.00% 0.00% 0.00% 0.00% 0.00% 

10:00-11:00 50.00% 0.00% 25.00% 15.00% 0.00% 0.00% 10.00% 0.00% 0.00% 

11:00-12:00 8.33% 50.00% 25.00% 16.66% 0.00% 12.00% 0.00% 0.00% 0.00% 

12:00-13:00 0.00% 21.66% 10.00% 15.00% 8.33% 16.66% 8.33% 8.33% 15.66% 

13:00-14:00 0.00% 20.00% 8.33% 10.00% 5.00% 31.66% 10.00% 8.33% 6.66% 

14:00-15:00 33.33% 16.66% 10.00% 8.33% 8.33% 16.66% 3.33% 0.00% 3.33% 

15:00-16:00 25.00% 8.33% 0.00% 41.66% 25.00% 0.00% 0.00% 0.00% 0.00% 

16:00-17:00 41.66% 0.00% 25.00% 8.33% 13.33% 3.33% 0.00% 0.00% 8.33% 
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17:00-18:00 33.33% 0.00% 20.00% 21.66% 11.66% 3.33% 0.00% 0.00% 8.33% 

Mean 30.20% 10.06% 19.16 15.80% 7.49% 8.08% 3.19% 1.38% 4.72% 

 

Table 2.Activity Pattern during the dryt Season (2022 & 2023) 

Time of the 

day/h 

                                           Activities Pattern during the dry season (2023) 

Feeding Standing Resting Walking Running Wallowing Grooming Drinking Defecating 

06:00-07:00 25.00% 4.16% 4.16% 15.00% 15.00% 15.83% 5.83% 0.00% 15.00% 

07:00-08:00 48.33% 1.66% 29.16% 16.66% 4.16% 0.00% 0.00% 0.00% 0.00% 

08:00-09:00 50.00% 0.00% 37.50% 12.50% 0.00% 0.00% 0.00% 0.00% 0.00% 

09:00-10:00 41.66% 0.00% 31.66% 21.66% 5.00% 0.00% 0.00% 8.33% 0.00% 

10:00-11:00 50.00% 0.00% 20.83% 20.83% 4.16% 0.00% 4.16% 0.00% 0.00% 

11:00-12:00 22.22% 45.83% 25.00% 16.66% 0.00% 0.00% 0.00% 0.00% 0.00% 

12:00-13:00 0.00% 21.66% 10.00% 15.00% 8.33% 16.66% 5.00% 0.00% 13.00% 

13:00-14:00 0.00% 20.00% 8.33% 10.00% 5.00% 31.66% 9.16% 0.00% 6.66% 

14:00-15:00 33.33% 16.66% 10.00% 8.33% 8.33% 16.66% 3.33% 0.00% 3.33% 

15:00-16:00 25.00% 8.33% 0.00% 41.66% 20.83% 4.16% 0.00% 0.00% 0.00% 

16:00-17:00 41.66% 0.00% 25.00% 8.33% 13.33% 3.33% 0.00% 9.16% 8.33% 

17:00-18:00 33.33% 0.00% 20.00% 8.33% 11.66% 1.66% 0.00% 0.00% 8.33% 

Mean 30.87% 9.85% 18.47% 16.24% 7.98% 7.49% 2.29% 1.45% 4.55% 

 

In Gambella National Park, the herds of African buffalo spend most of their time on feeding activities, and 

this reveals that the activity patterns are correlated with their daily mode of life. For the herds of African 

buffalo, a recurrent daily pattern, mostly on feeding and standing bouts, is essential. The present study 

observation indicated that the feeding activity of the African buffalo was longer than other activities. In 

addition, the herds spend a greater proportion of their time on feeding during the dry season than during 

the wet season. The longest time they spend on feeding might be related to the shortage of food and the 

decrease in nutritional quality during the dry season. This leads them to devote most of their time 

searching for food and fresh grasses during the dry season. According to Prins (1996), buffaloes can 

choose different ways of partitioning their time budget under different food conditions. Foraging of 

African buffalo during the wet season spend less times when compared to the dry season. The report by 

Winnie et al. (2008) in the savanna ecosystem, as the dry season progresses, available forage lignifies and 

becomes unpalatable to the point where even a bulk grazer must become selective. The herds spend more 

time on feeding, mostly in early morning from 8:00 – 11:00 and late afternoon from 16:00 – 18:00. This is 

because there is fresh air and moderate of the sun heat during these periods, and this might form a good 

atmosphere during feeding. Once the sun gets heated and the temperature become high, the herds may 

supposed to take rest as the mean to avoid the hotness, and this is mostly happened from 12:00 – 16:00. 

Grimsdell and Field (1976) declared that, an ambient temperature is the main cause in reducing the grazing 

activities and initiating resting during the middle of the day. Lewis (1977), in his report, also found that 

ambient temperature accounts for more than 80% of the variation in the daily activities of African buffalo, 

as they were highly susceptible to heat stress due to their coat characteristics. The present study revealed 
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that African buffalo spend most of their time feeding and resting. Standing by itself sometimes depends on 

both feeding and resting.  This is similar to Melletti et al. (2007), the grazing and resting were the main 

behavioral activities of forest buffaloes between the water and the forest edge.  

 

Figure 3.Activity pattern during the wet season (2022 & 2023) 

The present study reported that, during wet and dry seasons in Gambella National Park, resting has been 

recorded as the second largest activity following feeding. Due to the presence of forages and access quality 

of food access during the wet season, African buffalo may have long resting times when compared to the 

dry season. There was a longer duration of time on walking during the dry season than the wet season. 

Most time spent on walking may be triggered by the search for forage during the dry season.  The study 

also recorded the longest time spent by the African buffalo resting. The herds may have their longest rest 

in midday after the morning feeding, and stop grazing when the sun gets too hot. During this period, the 

African buffalo tends to rest in the area where there is shade and cool air to avoid heat stress.  According to 

Ryan and Jordaan (2005), African buffaloes tend to rest more during the daytime than during the night. 

They also reported that buffaloes spent a significantly greater proportion of time feeding and walking 

during the dry season. African buffaloes spend much of their time wallowing during the wet season than 

the dry season. In the wet season, an individual buffalo may feel comfortable and relaxed after getting a 

conducive atmosphere. Sinclair; Prins (1977; 1996) reported that, based on thermoregulatory function, 

wallowing might affect controlling ectoparasites. The result showed less time spent on wallowing during 

the dry season. This might be connected to the hotness of the temperature during midday. Individual herds 

are busy finding the conducive areas to escape severe temperatures.   
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Figure 4. Activity pattern during the dry season (2022 & 2023) 

The running of individual herds may differ among the seasons. It may be a form of playing and relaxing 

after feeding during the wet season. Adult female buffaloes used to play with their calves, especially in the 

savanna grassland. Bulls are also used to fighting and playing by themselves during this period. On the 

other hand, the African buffalo spent more time running during the dry season. The reason behind this may 

sometimes be searching for drinking water and forage during the dry season. During this period, the 

availability of drinking water decreased, and the forage or grass became scatter. For this reason, the herd 

may use running as the only alternative to find water and forage. The present study didn’t perceive the 

water as a limiting factor for African buffalo. Water is needed by all kinds of life on Earth. The study 

identified only one major drinking period during the wet season. On the other hand, the study also 

identified two periods of drinking during the dry season. During the wet season, African buffalo drink only 

once after feeding, mostly from 12:00 – 14:00 hrs. An individual drinks twice during the dry season, from 

09:00-10:00 in the morning and from 4:00-5:00 p.m. In the previous studies by Sinclair (1977), buffalo 

drink only once a day. Winterbach and Bothma (1998) also found that African buffaloes drink in the early 

afternoon in Willem Pretoria’s Game Reserve, whereas Grimsdell and Field (1976) found that they drink 

in the mid-morning in Ruwenzori National Park in Uganda. This indicated that there might be differences 

in the timing of drinking among individual African buffalo based on the seasonal types in their respective 

habitats. This study identified the difference in feeding and resting activities of an African buffalo. These 

activities fluctuate diurnally mostly as a response to environmental factors such as forages and 

temperature. During the wet season, the forages and water become available, and this may lead the African 

buffalo to spend less time on feeding and drinking. But during the dry season, this can be different. Due to 

the limited availability of forage and water in the parking lot, the herds may spend a lot of time feeding and 

drinking. In the present study area, food and temperature might be the major factors responsible for such 

behavioral variations of African buffaloes. Defecation of an individual varies significantly among seasons. 
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There is higher defecation of individual herds during the wet season than during the dry season. During the 

two seasons, the defecation took place mostly early in the morning and late in the afternoon. The high 

defecation during the wet season can be caused by more feeding. This may be triggered by the availability 

of forage and good quality of food, which gives animals a chance to eat more. This implies that the more 

they eat, the more they will defecate. But there are also several times that defecation took place, especially 

during midday when they are resting.  Grooming is also one of the diurnal activity patterns that give room 

for animals to exercise and play with each other. Grooming is a sign of happiness to any animal. It mostly 

happened after satisfaction from feeding. This study identified the grooming of an individual during both 

the wet and the dry seasons. Grooming is higher, comprising an average of 3.19% during the wet season 

than the dry season.  

4. CONCLUSION AND RECOMMENDATION 

The present study presents the diurnal activity patterns of the African buffalo herd in the four stratified 

habitats in the park. These habitats consist of savanna grassland, woody grassland, forest land, and 

wetland, respectively. The park was supposed to experience anthropogenic activities that threaten the 

population ecology of the animal species and undermine the proper function of the park.  The vulnerability 

of the African buffalo in Gambella National Park to climatic changes as a result of fire burning for 

firewood collection and illegal hunting resulted in the mortality and migration of the African buffalo.  This 

study identified different activity patterns that differ among the seasons. There were no remarkable 

differences that have been identified in this study from other studies. Diet or forages become scattered 

during the dry season as a result of long-lasting and uncontrolled fires from the illegal firewood collectors 

and illegal hunters. Since the African buffalo in Gambella National Park was already under nutritional 

stress during the dry season and encroachment by the people, the observed activity pattern gave a 

conclusive indication of the severity of the problems in the park. Therefore, diurnal activity patterns of 

African buffalo can be an effective management tool to determine their interaction with their environment. 

In this regard, this study is intended to recommend the possible protection of the park through imposing 

legal policies that govern the park. Forbidding burning can be one of the policies that can be imposed on 

illegal hunting and firewood collectors. Encroachment as a result of settlement, agricultural investment 

must be stopped.   
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