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Behavioral Ecology of the Patas Monkey (Erythrocebus patas) and Conservation Challenges in 
Alatish National Park, Northwest Ethiopia 
By: Mezgebu Ashagrie Demissie, PhD thesis (2015) 

Abstract 
The results of both qualitative and quantitative investigations on t he behavioral ecology of  the 
patas m onkey ( Erythrocebus patas) an d co nservation ch allenges a t A latish N ational P ark a re 
presented in this dissertation. The study aimed at the behavioral responses of patas monkeys to 
their seasonal lowland habitats and evaluating the taxonomic status of the patas monkeys found 
in E thiopia as well as t he conservation threats the park f aces. The field s tudy was c arried ou t 
from November 2011 t o April 2013 in two wet s easons and two dry seasons. Behavioral data 
were collected through 15 minutes scan ning samples o f 10 hour s a nd 30 minutes field 
observations a d ay, pa rticularly on f eeding, a ctivity time budge t a nd r anging pa tterns. 
Morphological f eatures of  a ll a ge groups a nd s exes w ere a lso not ed during bot h w et a nd dr y 
seasons. Seasonality i n feeding b ehavior w as tested t hrough S choener’s dietary niche overlap 
index a nd Levins' di etary ni che b readth index. E ffects of  s easonal c hanges on activity time 
budgets w ere st atistically t ested b y MANOVA; eco logical factors t hat determine activity t ime 
budget were statistically analyzed by MANCOVA. Daily range length and home range size were 
estimated using OpenJump toolbox (MOVEAN), and statistically tested by t -test and Wilcoxon 
test. Kernel density (95%), MCP (95%), and grid cell home range estimation methods were also 
used to estimate home range sizes. Conservation threats were studied through field observations 
and L andsat S atellite I magery A nalysis. Erythrocebus patas found in E thiopia ha ve s ome 
distinctive morphological features compared with E. p. pyrrhonotus. The adult males face is fully 
black w ithout a  w hite s pot on t heir nos e. A dult f emales a lso ha ve a  w hite f rontal band. F ood 
items such as gum (39%), fruits and flower buds (32.7%), Acacia pod (0.6%), crop seed (8.1%), 
herb stem pith ( 3.5%), c orm/tuber (14.8%), a nd insect ( 1.3%) c ontributed t o t heir a nnual diet 
composition. Patas show dietary switching in response to seasonal changes. The diet similarity 
between wet season and dry seasons was only 15.5%. Dietary niche breadth of patas was also 
narrow during dry seasonal. Moreover, this study found that within their daylight activity t ime 
budget, Patas monkeys spent 16.71% feeding, 22.75% moving, 11.26% social activity, 32.03% 
resting,  14. 93 % vigilance and 2.33% other activity. The results of multivariate analysis reveal 
that season has a statistically significant effect on activity time budget, Wilks’ λ = 0.21, F = 
17.14, df = (6, 27), p < 0.001, η2 = 0.79. Analyses on the effect of ecological factors in activity 
time budget also show that food availability or dietary niche breadth, temperature, ectoparasite 
infestation and predation risks significantly determine seasonal changes in activity time budgets. 
Patas m onkeys r espond t o s easonal e nvironmental changes i n their r anging be havior. Day 
journey l engths v aried between w et an d d ry seaso ns ( t= - 8.4, df  =  2 8, p<  0.001 ) with l ong 
(1,512.8m ( ±466.18) daily t ravel l ength during the d ry se ason. Home r ange size of  t he w et 
season was 36.19651 hectares (±15.5196), whereas in the dry season it was 105.29439 hectares 
(±104.7916). Wildlife dwelling in the Park have been affected by habitat degradation caused by 
human i nduced f ire a nd dr y s eason w ater a nd food r esource s carcity. The l and c over c hange 
analysis found that woodland cover of the Park is highly altered. Finally, based on morphological 
features a nd f eeding be havior, t he study s uggests t hat pa tas monkey i n N orthwest E thiopia i s 
distinct enough from E. P. pyrrhonotus and warrant designation as a new and distinct subspecies.   
Key words: Erythrocebus patas, feeding, activity time, ranging behavior, Alatish National Park, 
conservation challenge 
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CHAPTER 1 INTRODUCTION 

1.1 Background of the Study 

Erythrocebus is a  ge nus of  t he C ercopithecinae t hat ha s on ly one  s pecies, E. patas, and it i s 

commonly termed as the Patas monkey. Patas monkeys have a shaggy reddish (reddish–brown) 

coat coloration with gray-white ventral parts. The short fur is reddish except that the lower half 

of the limbs is white in males and pale brown in female and young (Hall, 1965; Groves, 1972). 

The male i s much br ighter t han t he f emale (Groves, 2001) .  The fur i s co mparatively co arse-

rusty tan on the back and smooth bright off-white on the four legs and the underside of body and 

tail. The s houlders are a lso c overed w ith a  s potted gr ay l ong f ur (Hall, 1965;  Groves, 1972 ; 

Ankel-Simons, 2007).  

 

In its skull and dentition, the patas monkey is remarkably similar to Cercopithecus, but its limb 

morphology i s very different being specialized for running in a  savanna environment (Groves, 

1972). Hall (1965) also suggested that patas monkeys resemble the highly terrestrial baboon in 

their locomotor behavior and mode of existence. Patas monkeys have narrow hands and feet with 

short digits and a reduced pollex and hallux (Fleagle, 2013). During quadrupedal locomotion, the 

hands are usually held in a digitigrade position (Ankel-Simons, 2007). Patas monkeys have long 

and slender limbs. The tail is shorter than in Cercopithecus, even though it is long. The scrotum 

of patas is turquoise blue as that of the Chlorocebus pygerythrus(Hall 1965; Groves, 1972).   

 

 The muzzle o f p atas m onkeys i s co mparatively l ong an d t heir ey es set  cl ose t o each  o ther 

(Ankel-Simons, 2007) . P atas m onkeys a re hi ghly s exually di morphic s pecies. Male pa tas 

monkeys are considerably larger than females with an average body length of 65 t o 88 c m and 
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tails of about the same length. Females are on average 50 cm long and their tails also measuring 

about 50 cm (Ankel-Simons, 2007). Average body weight of adult male patas monkeys is around 

12-13 kg a nd that of  the f emales i t i s around 6 -7 kg  (Hall, 1965;  Bonadio, 2000 ). T he pa tas 

monkey has a slender body with a long tail (Fleagle, 2013).  

 

Besides the above generic characterizations, Hill (1966as cited in Groves, 1972) and Dandelot 

(1971 as cited in Groves, 2001), Erythrocebus patas has been grouped in to four subspecies and 

characterized b ased o n t heir facial and body coloration a nd ge ographical distribution. 

Erythrocebus. p. patas occur in western savannah from Senegal to Chad; E. p villiersi occur from 

Air (Asben) massif in the Sahara and north of the bend of the Niger River; E. p. pyrrhonotus has 

been r eported t o occur from Cameroon t hrough s outhern Sudan, western E thiopia to l ocalized 

areas of  K enya, nor thern U ganda a nd T anzania, and E. p. baumstarki is restricted to  n orthern 

Tanzania (Isbell and Chism, 2007). The distinguishing facial colorations and other characteristics 

have been described as West African E. p.  patas with pale pink face and black nasal spot; E. p. 

villiersi differs only in its size from E. p. patas; East African E. p. pyrrhonotus is distinguished 

with its blackish face , adults develop a white nasal spot, and a black fronto-temporal line;  E.p. 

baumstarki is paler than E. p. pyrrhonotus without black fronto-temporal bands (line), 

; otherwise it is similar to E. p. pyrrhonotus. 

 

Groves ( 1972) poi nted out t hat t here a re also patas monkeys on t he A thi pl ains, s outh-east o f 

Nairobi and east  o f t he R ift v alley, which are di fferent f rom t he f our s ub-species described 

above. These di stinct groups have a  pink face with a  b lue nasal spot. However, they have not 

been given a subspecific name or identified at any taxonomic level so far.   

2 
 



 

Patas monkeys are native to Africa and adapted to ground living in open habitat. As a r esult of 

their predominant terrestrial adaptation, they are widely distributed in grasslands and woodland 

savannah habitats south of the Sahara desert and north of the tropical forest belt from northwest 

Senegal through Sudan to western Ethiopia, central Kenya, northern Uganda, northern Tanzania 

and C ameroon ( Figure 1 ).  They a re t ypically f ound i n s avanna grassland, dr y a nd de nse 

woodland margin habitats with tall grass, and on grass steppe with thicket clumps. Patas monkey 

can tolerate arid conditions and some of them have been found close to the southern edge of the 

Sahara d esert (Hall, 1 965). In g eneral, p atas preferentially est ablished t heir h ome r ange i n 

grassland a nd p referred w oodland t o g rassland as sleeping si tes p ossibly as a means o f to 

predation avoidance (Hall, 1965; Nakagawa, 1999). 

 

In the case of woodlands, following deforestation, patas monkeys have been observed in man-

made clearings in the forest. In addition, they have also been observed in the zone of flooding in 

the delta of the Senegal River (Bonadio, 2000). An area such as a river basin can provide water 

for patas monkeys to survive. In the drier areas in which patas monkeys typically live, water can 

be a limiting factor (Isbell et al., 2013). Mostly, patas monkeys avoid areas with dense cover and 

this may be  due  to potential exposure to predators. Patas generally occur in agricultural areas, 

natural f orests, s econdary/disturbed f orest, r ange/grasslands, r iparian zones, s crub/shrublands 

and wetlands (Nakagawa, 1999; Bonadio, 2000; Isbell and Chism, 2007). 
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Figure 1. Distribution map of Patas monkeys in Africa. 
 

Patas monkeys are active during the day and climb onto trees in the evening where they spend 

the night to avoid large predators (Ankel-Simons, 2007). Although, they usually sleep in trees at 

the e dge of  t he f orest, m ost of  t heir diurnal a ctivities li ke foraging t ake pl ace i n the ope n 

grasslands where t hey move by qua drupedal w alking a nd running (Fleagle, 2013 ). T hey a re 

extremely alert, fast runners (55 km/h), and they frequently stand bipedally to look over the tall 

grass for potential predators or other interspecific/intraspecific groups (Napier and Napier, 1967; 
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Fleagle, 2013). The day activity pattern of patas monkeys comprised two main feeding periods 

with a rest period of one to three hours in the hottest time (Hall, 1965; Nakagawa, 1989).  

 

The bulk of their diet has been described as grass seeds, new shoots, and acacia gums and seeds. 

They also eat the beans of tamarind trees and a variety of other tough savannah fruits, seeds and 

berries (Bonadio, 2000; Fleagle, 2013). They supplement their herbivorous diet with insects (like 

ants and g rasshoppers) and va rious other p rey i tems (Nakagawa, 2000 a; Ankel-Simons, 2007 ; 

Isbell and Young, 2007). Patas monkeys primarily feed on fruits, seeds, pods, tubers, and insects. 

They are opportunistic omnivores and eat whatever is available, including leaves, branches, eggs, 

and small animals. They normally pick up bits of food items to eat as they walk (Fleagle, 2013).  

 

Patas monkeys live in groups. Their group size ranges from 5 to 40 individuals of mostly related 

females and their young with a single adult male. Indeed group size ranges vary from place to 

place ( Hall, 1965 and Struhasker and Gartlan, 1970; Bonadio, 2000;  Fleagle, 2013). The l one 

adult male patas functions as the guard or sentry of the group, whereas females are group leaders 

and e ngage in t erritorial di sputes (Chism et al., 1984) . On t he ot her ha nd, s ubordinate males 

often live together in all-male satellite bands, but there is considerable turnover of males in patas 

heterosexual groups during a breeding season.  

In pa tas, threat-attack i s mainly a t ask of adult females, but very rarely i t can be  made by t he 

adult male. The adult male patas monkey plays a part in the group as watchdog. Whenever the 

group is disturbed or approaches new areas, the male explores from a high point several hundred 

meters away from the group. In the group local position, adult male is spatially peripheral, except 

when day resting, mating and grooming. Otherwise, females will harass the male if it is in close 
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proximity (Hall, 1965 ). I n a ddition t o s ecuring territory, the a dult f emales ha bitually initiate 

directions a nd t imes of  gr oup m ovement. Basically, activities o f ad ult f emales t argeted in 

looking after th emselves, th eir in fants and t he j uveniles, w hile t hat of  t he a dult m ale i s ve ry 

prominently watching f or pr edators or  ot her  patas gr oups or  other s ympatric sp ecies (Hall, 

1965). The observation of Hall (1965) indicates that vocalizations of patas are audible at about 

100 m and occur very infrequently (about two to four times a day) compared with baboon groups 

(25 to 50 times a day). 

Both the daily travel distance and the home range size are greater in patas than other members of 

Cercopithecid monkeys. This c an be  a ttributed to i ts higher p reference for g rassland with l ow 

habitat q uality i n t he case o f p atas (Nakagawa, 1999) . Day r ange lengths of p atas ar e 

extraordinarily variable from group to group and from season to season, ranging from 700 m to 

nearly 12,000 m, with an average tendency of between 2,000 and 2,500 m. Sometimes the group 

forages cohesively and other times members of a group are separated by as much as 800 m (Hall, 

1965; Fleagle, 2013). The estimated home ranges are over 5,000 ha, which is the largest known 

home r ange from a ny non -human p rimate sp ecies (Fleagle, 2013 ). T he popul ation de nsity of 

patas monkeys in most parts of  its di stribution range is approximately 1.5 individuals per km 2 

(Bonadio, 2000). However, in Puerto Rico, introduced patas populations are found to have much 

smaller home ranges and be much more densely populated. This smaller home ranges, and dense 

population have been considered as indicator of higher resource availability in the area. Puerto 

Rican popu lations a lso e xhibit te rritorial b ehavior with gr oups ha ving w ell established 

boundaries, while African groups have large and highly overlapping home ranges (Enstam and 

Isbell, 2004) . In t he A frican gr oups i ntergroup c ontacts are very c ommon a t t he w ater hol es 

during the peak of the dry season; otherwise they are extremely rare (Hall, 1965; Struhsaker and 
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Gartlan, 19 70). At th is tim e the frequency o f ag onistic en counters i ncreased r emarkably, 

especially between members of different groups (Struhsaker and Gartlan, 1970). 

Timing o f r eproduction seems to vary somewhat with geography. In most populations, mating 

takes p lace i n Ju ne through S eptember, a nd young a re bor n be tween N ovember a nd J anuary 

(Bonadio, 2000; Nakagawa, 2000b). The patas monkeys mostly give birth in the dry season as 

opposed to gue nons that g ive b irth in  the wet seaso n (Nakagawa, 2000 b and Struhasker an d 

Gartlan, 1970). Infants less than three months old occurred only up to June, and commonly seen 

in March and April (Hall, 1965). In the birth season, the monkeys have to obtain a larger amount 

of energy and gross protein than in their mating season. In other words, the birth season appears 

to be the time when the monkeys obtain more surplus energy. Thus, the dry season birth giving 

of p atas can b e attributed to  its widely e xploitative f oraging adaptation supported by t heir  

locomotive a bility, which enables them t o obtain more e nergy f rom s eeds, fruits and gums of  

Acacia, a nd more pr otein f rom gr asshoppers or o ther in sects in t he d ry seaso n (Nakagawa, 

2000a). 

Patas m onkeys p lay both negative a nd pos itive roles in hu man livelihoods. In most lo calities, 

patas monkeys are considered as pests at various levels (Bonadio, 2000). They frequently invade 

and damage crop, and fruit f arms as w ell as cotton pl antations. T heir s ize, s trength, a nd 

aggressiveness make them a potential threat to humans and domestic animals. Furthermore, they 

may carry diseases that can be transmitted to humans. Patas monkeys are sometimes hunted for 

meat, and t hey so metimes can b e u sed in m edical r esearch as l aboratory animals (Bonadio, 

2000).  
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Conversely, p atas m onkeys can  b enefit or be t hreatened by  different h uman a ctivities. For 

example, in Laikipia, Kenya, relative stability of a patas population has been observed as a result 

of beneficial co-existence of patas with large-scale cattle ranching. Such landuse provides patas 

monkeys w ith w ater and br oad e xpanses of  Acacia drepanolobium woodlands, t he ha bitat t o 

which patas are restricted in Laikipia. Patas monkeys, on the other hand, can also be at increased 

risk of local extinction due to  habitat a lterations especially from increasing human populations 

that cause expansion of agricultural activities and hunting in most habitats outside national parks 

and reserves (Isbell and Chism, 2007). As a result, patas monkeys are of particular interest for 

conservationists s eeking t o d etermine t he sustainability of its populations and de sign pos sible 

conservation plans. 

  

1.2. Comparison of Alatish with other East and West African Patas study sites  

Patas monkeys have been studied in East Africa (Kenya, Tanzania, and Uganda) and West Africa 

(Cameroon and Senegal). When comparing Patas behavior in Alatish with other patas l iving in 

East an d W est A frica, their bi ogeography m ight c ontribute a significant difference in their 

behavior. For this purpose, I have chosen the Kenyan Likipia site and Cameroon’s Kala Maloue 

study sites for two reasons.  F irst, these two study sites of patas are well studied sites, and thus 

provide information on patas monkeys feeding behavior, activity pattern, ranging behavior and 

social be havior. S econd, these t wo s ites a re bi ogeographically c loser in l atitude a nd l ongitude 

with Alatish National Park. Alatish is closer to Likipia in longitude and also with Kala Maloue in 

latitude. 

 

8 
 



According to Isbell (1998) and Enstam and Isbell (2002), the Laikipia Plateau of  nor th-central 

Kenya i s l ocated at 36o50’E l ongitudeand 0o15’N la titude w ith an elevation of  1,800 m a sl.  

Climatically, Laikipia is a sem iarid ecosystem and has an estimated total annual rainfall (1992-

1993) of about 568mm. Despite the amount of rainfall varying from month to month and from 

year to year, the rainfall is year round. The peak rainfall months are April and May (Isbell, 1998) 

with an average of 43.4 mm of rainfall per month and monthly rainfall ranged from 0 to 144mm. 

But in 1999, t he s tudy area’s mean annual rainfall was est imated approximately 600–700 mm. 

The m ean m inimum and maximum t emperatures w ere e stimated a s 12.0°C  a nd 28.3°C , 

respectively.  S oil of  L ikipia was described a s poorly drained, s easonally waterlogged ( “black 

cotton”) v ertisolic s oils. Its  v egetation is wooded grasslands do minated by Acacia 

drepanolobium in t he overstory a nd Pennisetum spp. a nd Themeda triandra in t he unde rstory 

(Isbell, 199 8). E nstam a nd I sbell ( 2002) e stimated t hat w ithin the patas h ome r ange A. 

drepanolobium comprises over 97% of  the woody species. Acacia drepanolobium has swollen 

thorns that harbor several mutualistic ant species. Colonies of ants live in the swollen thorns. In 

addition, numerous other invertebrates and small vertebrates occur on A. drepanolobium, mainly 

inside swollen thorns (Isbell, 1998).  

 

The West Africa Kala Maloue patas study site is located in the northern part of Cameroon, south 

of L ake C had ( 12°09'N, 15°53’ E) ( Nakagawa, 1989) . T opographically, Kala Mal oue i s a 

lowland flat plain at an altitude of 293 m asl (Ohsawa, 2003). In contrast to Likipia of Kenya, 

Kala Mal oue is cl imatically characterized by two sharply defined seasons. I n t his site the wet 

season is from mid-May to September, and the dry season encompassing the rest of the year. The 

mean a nnual r ainfall va ry f rom ye ar t o ye ar w ith r ange of  497 mm to 710 mm ( Nakagawa, 
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1989,1999; Ohsawa, 2003). According to Nakagawa (1999) the mean monthly temperature was 

33.7oC in M ay t o 22.7 oC in J anuary. B ut, Nakagawa ( 1989) poi nted out  t hat dur ing the rainy 

season (July to September), the maximum temperature reached 37oC and minimum temperature 

was 19oC. Vegetationally, Kala Maloue belongs to seasonally flooded Sahelo-Sudanian lowland 

(Nakagawa, 2000a). Its open woodland distant from the rivers is dominated by Acacia seyal, A. 

nilotica, and Balanites aegyptica. The grassland is a lso dominated by Gramineae spp. (Zornia 

glochidata, Panicum sp., Echinochloa colona, etc.), and herbaceous species (Sida sp., Abutilon 

sp., Cassia tora) (Nakagawa, 1999; 2000a).   

 

The present study area, Alatish is biogeographically closer to the West African Kala Maloue than 

the E ast A frica K enyan L aikipia s ite. B oth A latish and K ala M aloue lie in  th e s ame la titude. 

Both these areas they are also low land plains with the Sudan-Guinea Savanna Biome/ecological 

zone. These t wo s ites share similar vegetation l ike Acacia seyal, Balanitus aegypticus in their 

open wood land and Acacia sieberiana, Tamarindus indica in the riverine woodland (Nakagawa, 

1999). Combretum spp are also common in Alatish as in the West African site in Senegal (Henty 

and M cGrew, 2014). I n a ddition to the geographic and v egetation s imilarities, A latish is 

climatically more s imilar to  K ala Maloue th an L aikipia. Both A latish a nd K ala M aloue a re 

highly seasonal with high temperature, but Laikipia is not seasonal and its temperature is lower 

relative to Alatish and Kala Maloue. Overall Alatish is far from Laikipia in latitude (Alatish is 

12o north w hereas L aikipia is 0 o north) a nd A latish i s l owland at ≤ 650m asl but Laikipia is 

1800m asl. In relation to these latitude and altitude differences, Alatish is distinct from Laikipia 

in i ts climate and vegetation composition. As a result of these differences, patas in Alatish are 

expected to be distinct in their behavior and morphology from patas in Kenya and Cameroon. 
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1.3. Justification of the Study 

The patas monkey, which is widely distributed over the grass and woodland savannah regions of 

West and East Africa, appears to be unique in some of i ts physical and social adaptations. For 

example, t he pa tas g roups t ended to u se a d ifferent ar ea of t he hom e r ange e ach ni ght, a nd 

individuals dispersed far apart in taking up night resting positions in trees (Hall, 1965).  Besides 

this behavioral feature, the patas adaptations of fast locomotion, silence, disguise, dispersal, coat 

color and morphology make it to be different from other monkeys of the family. 

 

Among the four patas monkey subspecies, the patas found in Ethiopia has been recorded as E. p. 

pyrronotus (Yalden et al., 1977; Heckel et al., 2007). This subspecies is distinguished from the 

other subspecies with its angled black stripe above the eyes that offsets the rusty tan skullcap of 

fur, white mustache, blackish face and a white spot of almost bare skin around the pitch-black 

nostrils. Except for the small bare a reas that also ex tend around the eyes where the sk in turns 

dark gray, the face is hairy. Moreover tufts of long hair, which is gray on the cheeks and above 

as well as in front of the ears give the face a broader appearance than it actually is.   

 

In Ethiopia, the patas monkey is found along the western border in deciduous savanna-woodland 

habitats. In the North West they are found in Kafta-Humera, around Metemma, and Quara. In the 

West patas also found in Benishangul-Gumuze region from Gubba to Bambesi (Solomon Yirga 

et al., 2010) and in Gambela south of the Gilo River and Akobo River. It is  also reported that 

patas was observed in south part of the country around  northern limit of the Omo National park 

and eastern part of the Omo River (Bolton, 1973; Yalden et al., 1977). The wildlife inventory of 

Kafta-Humera al so i ndicated that the r ange o f p atas m onkeys extends to th e n orth w estern 

11 
 



extremes o f t he co untry ( Heckel et al., 2007) .The a ltitudinal r ange of  pa tas m onkey doe s not  

appear to extend much above 1000m, and mostly it is 500-1000m (Bolton, 1973; Yalden et al., 

1977; Yalden et al., 1996). Concerning the conservation status of the Ethiopian patas monkeys, 

as t heir g eographic distribution i ndicates, most of t he country’s pa tas m onkeys a re dw elling 

outside o f t he natural r eserve areas. Unless continuous survey on i ts population s tatus, habitat 

quality, interference of human activities and conservation status can be conducted, perhaps local 

extinction is likely to occur due to anthropogenic factors.  

 

In determining population s tatus a nd habitat p references of patas m onkeys, s tudies on range 

utilization pattern play an important role because it is often closely linked to factors such as food 

availability, pr edation risk a nd a nthropogenic i nfluences that af fect animals’ behavior a nd 

survival. At present, n o sy stematic f ield d ata have be en available on  t he population s tatus, 

human-patas interactions, behavior and ecology of Ethiopian E. patas. In general, even though 

Ethiopia is one area of the species world geographic range of distribution, detailed studies on the 

Ethiopian patas have not yet been conducted other than a survey of geographic distribution done 

several d ecades ago (Yalden et al., 1977 ) and our recently c onducted pr eliminary s urvey 

(Solomon Y irga et al., 2010). Thus, conducting a  study on t his gr oup’s morphological 

descriptions, behavioral e cology and pa tas-human i nteractions will c ontribute t o ou r 

understanding about the proximate factors involved in determining behavior, habitat preferences 

and ut ilizations as well as threats of patas. It will also add new information for assessing their 

taxonomic status and future conservation plans of patas in the country. Moreover, in combination 

with the other African biogeographic groups/races of the species, this study will add knowledge 

on the patas monkey geographical variation in behavioral and ecological adaptations.   
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1.4. Objectives of the Study 

The ge neral obj ective o f t his study was to investigate E. patas behavioral e cology, t axonomic 

status and conservation challenges in Alatish National Park.  

 The specific objectives of the study were: 

• To investigate feeding behavior of patas and any seasonal variation. 

• To examine their activity time budget in relation to seasonal habitat changes. 

• To study ranging behavior and identify ecological determinants influencing their 

ranging pattern. 

• To evaluate their taxonomic st atus b ased o n behavioral a nd morphological 

features in comparison with previously described geographic races.  

• To assess conservation challenges in Alatish National Park. 

1.5. Research questions 

How does seasonality affect the patas's feeding ecology and do patas respond to the dry season 

food scarcity? 

How doe s seaso nality affect t he p atas activity p attern an d w hat f actors d etermine act ivity 

patterns of patas? 

How doe s t he s patio-temporal di stribution of  r esources influence r anging behavior of  pa tas 

monkeys? 

Are patas monkeys in Northwest Ethiopia behaviorally a nd m orphologically distinct f rom th e 

East African E. p. pyrrhonotus? 

What ar e the conservation challenges o f patas and o ther wildlife i n Alatish National Park and 

how are conservation threats are affecting the park? 
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CHAPTER 2 STUDY SITE DESCRIPTION 

2.1. Topography 

The present study was conducted in Alatish National Park (ANP), located in the Quara District 

of nor th G onder Z one, northwestern E thiopia, l ocated between 11 o47' - 12o21'N l atitude, and 

35o16' - 35o47'E longitude (Fig 2). Alatish is a lowland area with an elevation ranging between 

528 and 654 m asl. Topographically, Alatish National Park consists of extended flat plains with a 

few scattered mountain cliffs. Almost 97% of the area is flat plain and the few mountain cliffs 

are scattered throughout (Abraham et.al. 2008). It is about 1123 km northwest of Addis Ababa 

and 324 k m s outhwest of G onder a nd c overs a n a rea of  2600 k m2. T he p ark w as est ablished 

legally as a National Park i n 2006, but  i t w as de lineated a s a  pr iority f orest ar ea si nce 1 941 

during Emperor Haile Selassie’s regime. It shares boundaries with Sudan (Dinder National Park) 

in the west, Benshangul Gumuz National Regional State of Ethiopia through Ayima River in the 

south, and 7 different peasant associations of Quara Woreda in the east (Anonymous, 2006).  
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Figure 2. Location map of study area  
 

2.2. Climate 

The climate of Alatish is characterized by two extremes, moist-wet and dry-hot seasons. This is a 

tropical semi-arid zone, characterized by rainy months from May to October with highest rainfall 

from J uly t o S eptember with August a s t he p eak rainy m onth (Fig 3a). The m ean monthly 

rainfall r ange extends f rom 0 mm  in dry s eason months to a 266.8  mm i n A ugust. In p resent 

study pe riod  (e.g. 2012)  t he r ainfall  may e xtend f rom about 2.7  mm i n November  t o a  

maximum r ainfall record of  354.4  mm i n A ugust ( 2013).  The total a nnual rainfall r anges 

between 79 8.4 mm a nd 1162.6  mm, a nd t he mean a nnual r ainfall is 970.2 mm. T he m ean 

monthly minimum temperature ranges be tween 15.4 oC in January and 23.1 oC in May, and the 
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mean monthly maximum temperature ranged between 30.8oC in the heavy rainy month (August) 

and 41.7 oC i n dr y hot test m onth (April).The relative humidity a lso s howed va riation a mong 

months (Fig 3b). The lowest relative humidity was recorded in April, while the highest humidity 

was s cored in A ugust. Thus, c old wettest a nd hot dr iest m onths of  t he a rea w ere August a nd 

April, respectively. A gro-ecologically, it f alls in the hot-to-warm su bmoist zone (Abraham 

Marye et al., 2008).  

 

 

 

Figure 3a. Mean monthly maximum and minimum temperatures and rainfall distribution of the 
study area (2009-2013).  
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Figure 3b.  Mean monthly relative humidity of the study area 
 

2.3. Soil and water sources 

The d ominant s oil types o f A NP a re v entisols, le ntisols and a lluvial deposits. V entisols are 

described as the dark heavy c racking c lays of  the plains occur scattered throughout the Park’s 

plains, but is more dominant in the north and south east of  the Park. The so il o f the wetlands 

mainly consists of heavy, dark cracking vertisols broken near the rivers and streams (khors), with 

areas of sand, sandy loam (azaz) and sandy entisols. The black cotton soil usually cracks deeply 

during the e arly d ry s eason. The en tisols d ominate the e astern l imits o f t he Park t owards the 

foothills. This soil type occurs in patches of sandy loam and sandy clay. Entisols occur in patches 

of sandy loam and sandy clay in scrub land. Alluvial deposits are dominant in the central flood 

plains a long A latish a nd G alegu rivers. C one-shaped l ow l ying hi lls and r ocky o utcrops a re 

scattered throughout the park and the escarpment ranging towards the south eastern limits. 
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As shown in Figure 2, Alatish is drained by different rivers, which include rivers Ayima, Alatish, 

Galegu, Demir, Anbessa Sheleko, and their tributaries. Ayima, Alatish and Galegu are prominent 

rivers in the Park with many tributaries and seasonal floods from the surrounding upper highland 

areas. Alatish is within the Nile drainage system. From Alatish various rivers like Gelegu, Ayma 

and A latish, an d d ifferent st reams d rain i nto S udan, an d t hese ar e important t ributaries o f t he 

Nile. These rivers flow to the west of the Park and then to Dinder National Park of Sudan.  Ayma 

river drains in the south east to south and south western part; Alatish river begins from south east 

escarpments and flows to the west of the Park passing through the centre of the Park; and Galegu 

river drains the northern part of the Park. Ayima river is the largest in terms of water discharge. 

All of these rivers hold a large volume of water in the wet season, but do not flow throughout the 

year. River beds of these r ivers are mostly sandy soils, which have the capacity to carry water 

below the surface of the river course. As a result most water sources including the rivers, dry up 

during the hot dry season from December to mid June. But, some water pool patches may remain 

along the rocky bed of the river courses and hold water throughout the year (Plate 1a & b).  

 

 a 
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Plate 1a &b. Water pools remain on the river bed of Gelegu river. 

 

Besides rivers, seasonal flood plain water pools also supply water for wildlife in the wet to the 

mid-dry s eason ( January t o F ebruary), even after t he s andy r ivers dry up in N ovember - 

December (Plate 2). Seasonal wetlands/floodplain pools a re found a long the rivers in  the Park 

and have been formed due to overflow of water in the river channel and flood flows from hills to 

down hills. These wetlands are significantly important for wildlife as source of water and forage. 

During early to mid dry season, they provide best feeding sites for ungulates and primates in the 

area.  

 
 

b 
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Plate 2. Water pool in a seasonal flood plain in the study area. 

In the dry season, water shortage is a serious problem in Alatish National Park and wild animals 

in the a rea suffer because o f it. Even though, surface water i s scarce during peak dry periods, 

water is available at about one meter to two meters depth under the sand bed throughout the river 

courses. I n exploiting this pot ential, l ocal nom adic pa storalists dig w ater hol es on t he Gelegu 

river co urse an d u se w ater t roughs. I n so me cases,  these artificial w ater h oles ar e al so w ater 

sources for wild animals including primates.  

 

2.4. Vegetation and Habitat Type 

Biogeographically, Alatish falls in the Guinea Sudan Biome Region of Tropical Savanna (Heckel 

et al., 2007). According to White (1983), the flora of the western Ethiopian escarpment including 

Alatish i s c onsidered a s undifferentiated w oodlands of  E thiopian t ype and i t i s l inked m ost 

closely to the flora of the West African-Sudanian region. Like other western Ethiopian lowland 

parts, Alatish has been included with the Sudanian Regional Centre of Endemism (White, 1983). 

Vegetation of A latish could al so b e co nsidered as a transition zone or  ecotone be tween t he 
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Afromontane Region i n E thiopia and t he S udanian Region i n t he Sudan. A s a  r esult, the 

biological a ttributes of  t he Park are thought t o b e d iverse a nd u nique. A s the western 

biogeographic r egion of  E thiopia, Alatish is l ow i n i ts f loral diversity. N evertheless, it has a  

higher rank of l ocal e ndemism t han m ost of t he Ethiopian r egions ( Sebsebe Demissew et al., 

2005). Alatish has characteristic vegetation, which consists mainly of deciduous woodland, with 

combretaceous trees; e.g. Combretum hartmannianum, or Acacia seyal and dense thickets of the 

lowland bamboo (Sebsebe Demissew et al., 2005). Other vegetation types are wooded grassland, 

riverine forest and swamps. Thus, ecosystem of Alatish is classified in to four major ecosystem 

components or  c ommunities. T he major c ommunities a re R iverine w oodland, S easonal 

Wetland/flood plains, mixed deciduous Woodland and Wooded grassland ecosystem.  

 

2.4.1. Riverine Woodland Ecosystem 

The r iverine ecosystem is found in the a lluvial r iver banks of Alatish, Galegu, and Ayima and 

other streams a nd trib utaries o f th ese riv ers in b oth s ides f rom th e river c ourse (P late 3). It 

contains t all t ree cover with interlocked canopy. This ecosystem provides shelter and food for 

wildlife during wet and dry seasons. It is highly dominated by tall trees of Terminalia, Ficus spp, 

Stereospermum kunthianum, Tamarindus indica, Accacia sieberiane, Adasonya digitata and 

Comberetium spp. and associated with Ziziphus spina-christi, Cardenia ternifola and Pilostigma 

thonniingii. This ecosystem comprises flora on the river banks. On both sides of the river banks, 

there a re a lso ta ll g rasses in cluding Bekeropsis uniseta, Eragrosis tremula and Sorghum 

sudanenis with different species of herbs and climbers. 
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Plate 3. Riverine woodland in the river bank of the Gelegu River 

 

2.4.2. Woodland Ecosystem 

This ecosystem covers vast area of the Park and mixed vegetation composition (Plate 4). This 

ecosystem i s dominated by moderately si zed deciduous mixed t rees w ith at  l east 40% canopy 

cover, but their crowns are not densely interlocked (White, 1983). Tree species of the genus such 

as Terminalia spp., Combretum spp., Acacia spp., Pterocarpus and Lannea with understory grass 

coverage dominated the ecosystem.   
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Plate 4. Effect of fire on woodland ecosystem. Left: Woodland cover in the beginning of rainy 

season. Right: Fire burned woodland photo captured during late dry season  

2.4.3. Wooded Grassland Ecosystem 

The wooded grassland ecosystem is mixed trees and grasslands with less than 40% of tree cover 

(White, 1983). Grasses with scattered trees dominate the ground covers (Plate 5). This ecosystem 

is f ound i n s hallow s oils of  s andy t o da rk c racking c lay s oils ( vertisols). V ariation i n the 

vegetation a nd s oil t ypes resulted in m ixed a nd pur e s tands of  gr asses. T his e cosystem i s 

represented by shrubs, and small to tall trees of different species such as Acacia seyal, Balanites 

aegyptica, and Comberetum spp scattered in patches of open grasslands.  
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Plate 5. Wooded grassland before fire (top) and after fire burn (bottom) 

2.4.4. Seasonal Wetland Ecosystem 

Seasonal ponds and wetlands are formed in the flood plain. It extends from central to northern 

extremes a nd w estern f lat l ands bor dering D inder N ational P ark in Sudan. S easonal w etlands 

remain a s pool  f or m onths dominated by e xcessively g rowing w ater l oving gr asses or  Ipomia 

aquatic herbs (Plate 6). Many seasonal ponds  in di fferent parts of  t he Park a re surrounded by  

woody ve getation and shrubs of  Acacia seyal, Ziziphus sp. and Balanites aegyptica. S easonal 

wetlands reserve huge floods in the rainy season until the mid dry season and dried later in the 
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dry season. This ecosystem serves as range land as w ell as water source for wildlife. In the dry 

season, this ecosystem i s the only area where green ground cover can  be observed next to the 

riverine woodlands. The seasonal flood plain locally known as ‘Sambre’ is suitable for wildlife 

as a feeding area. Especially patas monkeys use seasonal wetlands as source of water and feeding 

sites when I. aquatica is grown in the ecosystem. Ipomia aquatica fruit i s a preferred food of 

patas monkeys. Warthogs also spend most of their foraging and resting time in this area. In the 

long dry season, warthogs use it heavily by digging up the soil in search of tubers and roots.   
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Plate 6. Seasonal wetlands covered with I. aquatica herb (top), and tall (middle) and short grass 

(bottom).  

 

It is a feeding area of Oribi, Bushbuck, Warthog and Kudus as it is the only foraging site during 

forage scarce dry season (Abraham Marye et al., 2008). This ecosystem is visited by carnivores 

such as lion a nd serval. All eco systems o f A latish a re l argely t hreatened b y f ire an d w ater 

shortage in dry season. 

 

Based on its vegetation cover, the potential of Alatish in combating climate change is considered 

to be significant. According to Vreugdenhil et al. (2012), Alatish National Park has the largest 

carbon stock estimates (carbon sequestration potential) among the six selected national parks of 

Ethiopia which is 20,132,576 tons of CO2e within its vegetation source. 
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2.5. Fauna of Alatish National Park 

Alatish N ational P ark harbors 20 large m ammalian s pecies i ncluding e ndangered a nd r are 

species l ike E lephant (Loxodonata africana), Leopard (Panthera pardus), L ion (Panthera leo) 

and a lso the low ri sk but c onservation de pendent L esser kudu ( Tragelaphus imberbis) a nd 

Greater kudu (Tragelaphus strepsicero) (Girma Mengesha and Afework Bekele, 2008). It is also 

anticipated as a potential site to shelter Tora hartebeest (Alcelaphus buselaphus tora) which has a 

historic biogeographic distribution range in eastern Sudan, north-western Ethiopia and northern 

Eritrea (Heckel et al., 2007). Among mammalian species some primates such as p atas monkey, 

Anubis baboon and gr ivet monkeys are found in the Park. In addition to the presence of  large 

mammals, 204 species of birds, 23 species of rodent, 6 species of insectivores (Tadese Habtamu 

and Afework Bekele, 2008), at least 15 s pecies of reptile (Mezgebu Ashagrie, unpublished), 23 

species of fish (ANPMP, 2009; Dereje Tewabe et al., 2009) and a few amphibians are inhabiting 

in the Park. Tadese Habtamu and Afework Bekele (2008) reported some endemic rodent species 

of the Ethiopian highland forest and three shrew species were found in Alatish. As Alatish is also 

a trans-boundary Park which is adjoined with the Dinder National Park of the Republic of Sudan.  

Thus, it has huge potential to conserve rich wildlife resources. Abraham Marye et al. (2008) and 

ANPMP (2009) described that Alatish serves as a migratory route for Elephants, which traverse 

from Dinder National Park in the Sudan. 
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CHAPTER 3 DESCRIPTION OF THE PATAS MONKEY  

The be havioral s tudy s ite of  pa tas was l ocated i n t he nor thern pa rt of  A latish, particularly a t 

Amjale/Anbesa W uha site c amp a t 35° 38'  E , 12° 30'  N a nd 519  m asl . The ve getation 

composition of the site includes Acacia seyal and Combretem hertmanium dominated wood land, 

mixed wooded gr assland (Acacia seyal, Acacia polycantha and Balanitus aeypticus), Ipomia 

aquatica covered the floodplain/wet land. The study patas group used a home range partly at the 

park and park buffer zone where patas raid crops in the adjacent farmland during the wet season, 

and obtain water acce ss f rom cat tle w ater t roughs d uring the water sc arce d ry sea son. C attle 

herders came adjacent to the s tudy s ite on the Gelegu r iver dur ing the dry season in search of 

forage and water holes for their cattle. However, as the study site is located about 11 - 12 km 

from t he n earest se ttlement ( Mar Wuha), h uman i nterference w as minimal for t he pa tas. T he 

existence of cattle in the dry season was beneficial to the patas for accessing water from cattle 

water t roughs. But, both cat tle and cat tle h erders i mposed n egative effect for o ther w ildlife. 

Cattle co mpete w ith g razers l ike O ribi f or food an d cat tle h erders so metimes h unted wildlife 

such as warthog and introduced fire in to the park for wild honey collection. Climate data were 

collected from the closest meteorological station at Gelegu town of Quara district where the head 

office of the park is located.  

 

The present study was conducted on one selected group of patas with 27 individuals. The group 

was composed of 10 adult females, 9 infants, 7 yearlings and 1 adult male. Morphologically, this 

study gr oup ha s s ome di stinct f eatures, especially in  the coat c oloration. A s described i n 

Solomon Yirga et al (2010), the adult male has long black hair/fur from its shoulder to its arm. In 

addition, adult males and juveniles have a black face without a white nose spot. It is only adult 
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females that have a white nose spot. When adult male patas of this study group in Alatish and 

those in Bambesi (Solomon Yirga et al., 2010) were compared with the photo of an adult male of 

E. patas pyrrhonotus, at L aikipia K enya, t he p atas found in E thiopia i s di stinct f rom K enyan 

patas in facial coloration. The adult male patas in Laikipia Kenya has a white nose spot like adult 

females (see photo in de Jong et al., 2008), but in Ethiopia the adult males of patas both in lone 

males and heterosexual group do not have a white nose spot. Moreover, the facial long white tuft 

of adult males, adult females and juveniles of this study extends to the temporal black band, but 

the white facial tuft does not extend to the temporal black band and is limited to perpendicular to 

their ear (see Plate 7, 8 and Figure 4). Similar to E. p. pyrrhonotus adult female patas in Ethiopia 

have black face with white nose spot, but white frontal band make them different (Plate 9).   

 

Plate 7 . P icture of adult male Patas monkey in Ethiopia. Leftside:Adult male Patas monkey in 

Alatish National Park (photo c apture i n d ry s eason , A pril 2013 at nomad’s w ater h ole by 

Mezgebu A shagrie); right s ide: A dult male Patas m onkey i n Bambesi A nbesa ch aka 

Benishangul-Gumuz (Photo captured in wet season June, 2009 by Demisew Sertse)   
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Plate 8. Erythrocebus patas pyrrhonotus in K enya. R ight side p icture i s from de J ong et al., 

2008; left side picture is taken from Wikipedia 

 

Figure 4. Comparative drawing of the patas monkeys subspecies, (Drawn by Stephen Nash)  
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Plate 9 . P icture o f ad ult f emale p atas m onkeys i n wet s eason, J une 2009 i n B ambesi 

Benishangul-Gumuz, wet Ethiopia, (Photograph captured by Demisew Sertse). 

 

Despite so me d istinct m orphological f eatures, the social or ganization of  t he s tudy gr oup is 

similar t o p atas st udied el sewhere. I t was co mposed o f si ngle ad ult male, multifemales w ith 

subadults and infants throughout the year. Like patas in other places, males disperse from their 

natal gr oups when t hey be come s ubadults, w hereas f emales r emain i n t heir na tal gr oups. 

Extragroup males were solitary and sometimes they formed small associations with other males. 

Extragroup males ap proached t he o ne m ale-multi f emales group dur ing w et s easons. I n J une, 

kidnapping of a  s ingle adult female by two adult males and another wounded adult male were 
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observed. T hus e ven t hough gr oup t akeover was n ot o bserved, this might s how an a ttempt to  

replace the resident male in the mating season. In the two consecutive study years (November 

2011 t o A pril 2013 ), it was observed t hat f emales gave bi rth from November t o D ecember. 

Except for a few aggressive interactions among females and rare calls of adult male, patas were 

relatively quiet. Three vocalizations in females and two sounds in the adult male were detected. 

The t hree s ounds o f females w ere:- 1. When an adult f emale l ags f ar ap art f rom t he g roup 

members, she makes a cal l that might be used to communicate with other group members. This 

sound resembles the domestic cat’s squeal (“nyom call) as reported in (Entam and Isbell, 2002). 

The other two sounds were detected in t intragroup and intergroup aggressive interactions. One 

of the two sounds was like a growl “(g) rrr” sound described by Henty and McGrew (2014) in 

Senegal. The third call was a loud chutter call during active defense. The wet season call of the 

adult male w as a low p itched call “q uaf-quaf” w hereas its dry sea son cal l w as loud b arking 

(“bark grunt”) as reported in (Enstam and Isbell, 2002) . The s tudy group a lso shared its home 

range with another patas group, baboons (Papio anubis) in both wet and dry seasons, and rarely 

with the grivet m onkey ( Chlorocebus aethiops) dur ing the dry season. W hen patas a nd gr ivet 

monkeys encountered around a water location, they did not show any interaction; but when patas 

and baboon groups encountered around a water location, the baboons chased the patas monkeys 

and patas left the area without defense. However, on one occasion when one adult male baboon 

and one  adult male pa tas encountered a t t he water po int, t hey drank a t the same water source 

without a ny a ggressive i nteraction. B eyond the i nteractions at water poi nt, in ter-specific 

competition among the three species seems to be minimized by their different habitat and food 

preferences. B aboons a nd grivetsusually p refer r iparian h abitat, w hereas p atas p refer n on-

riparian Acacia and Combretum woodlands as well as Balanitus mixed wooded grassland.   
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CHAPTER 4 MATERIALS AND METHODS 

4.1. Ecological Data  

4.1.1. Phenology as indicator of food availability 

The phenology of vegetation in different habitat types and seasons were considered as factors of 

primate f ood a vailability. P henological da ta s ampling w ere c arried o ut t hrough selected t ree 

method (Haugaasen and Peres, 2005). Tree species were selected based on information on plants 

to pr ovide f ruits, f lowers, pods  a nd gum  c onsumed by pr imates. S easonal m onitoring of  t he 

selected plants was conducted in three 2 km transect lines by direct crown inspection of the plant 

parts with the help of binoculars in 2 da ys, one day before starting behavioral observation and 

another one day at the end of the behavioral observations during every field s tudy (Haugaasen 

and Peres, 2005). Transect lines were laid 100 m apart. Phenological data were collected in terms 

of the number and percentage as potential food items and species composition in the diet of the 

study group.  To investigate the effect of phenological patterns on activity time budget, ranging 

behavior and feeding behavior, phenology of potential food items were considered as indicators 

of food availability. This helps to understand how food availability influences behavior in patas.  

 

In addition to the field phenological observations, seasonality in plant productivity at spatial and 

temporal sc ales were estimated from sat ellite i mages i n t he f orm o f N ormalized D ifference 

Vegetation Index (NDVI) data (Tucker and Seller, 1986; Willems et al., 2009; Pettorelli et al., 

2011). T he NDVI v alues w ere es timated as a  sp ectral i ndex f rom ear th su rface r eflectance 

patterns in the red and near-infrared band of the image through EARDA IMAGINE 10 r emote 

sensing so ftware. The NDVI i ndex was estimated as,  N DVI= ( NIR-Red)/ (N IR+Red), w here 

NIR and Red are the amount of near-infrared and red light, respectively, reflected by a surface 
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and measured by sat ellite sensors. The NDVI value r anges f rom +1  and -1, where l ow va lues 

correspond to a n a bsence of  phot osynthetic a ctive ve getation/poor phot osynthetic a ctivity a nd 

higher pos itive va lues signify more a ctive ve getation c over i n phot osynthesis. C alculated 

seasonal plant productivity by NDVI metrics over the home range area was compared temporally 

to a nalyze the r elationship be tween f ood a vailability a nd ha bitat u se o f w ildlife. The scal e o f 

analysis w as f urther r efined by a ssessing N DVI va lues o ver t he ho me r ange f or t heir f ood 

availability estimation by comparing field observation records on ha bitat productivity and plant 

phenology t hroughout t he ho me r ange. S easonal p lant p roductivity f rom N DVI was used t o 

evaluate temporal variation in behavioral ecology parameters (activity time, size of home range 

and c ore a rea, a verage day j ourney l ength) in r elation to f ood a vailability e stimations derived 

from calculated NDVI values over the home range of focal group of patas.  

 

Analysis of monthly plant productivity index (NDVI) shows a positive correlation with monthly 

rainfall and relative humidity with r= 0.68, P <0.05 and r= 0.78, P <0.01, respectively. Figure 5a 

and 5b show patterns of association between climate (rainfall and relative humidity) and habitat 

productivity. As shown in these figures, habitat productivity showed a seasonally changing trend.  

Habitat pr oductivity w as m edium i n June and O ctober t o N ovember, but  pr oductivity w as 

highest f rom J uly t o S eptember. New s hoot f lush i n J une and fruits availability was h ighest 

around the end of the wet season (September - December). However, the productivity started to 

drop in December, and from January to May the habitat was driest and poorest in productivity, 

and wildlife food resources were also scarce.  
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Figure 5a.  Trend of annual rainfall and habitat productivity as inferred from NDVI 
 

 

Figure 5b. Trend of annual relative humidity and habitat productivity as inferred from NDVI 
 

In a ddition t o t he above de scribed r emotely s ensed ha bitat pr oductivity, qua litative f ield 

phenological obs ervations i ndicate that in N ovember a nd D ecember, w oody pl ants s uch a s 
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Balanites aegyptiaca and Lannea fruticosa as w ell as d ifferent herbaceous pl ants i ncluding 

Ipomia aquatica, which us ually gr ow i n s easonal f lood pl ains, provide s ignificant amount o f 

flowers and fruits for patas monkeys. After January most above ground vegetation covers except 

woody plants were dried and additionally removed by fire. In this season, all above ground parts 

of grasses, herbs and forbs vanish entirely. Thus, f lowers, fruits, seeds and pi th of  he rbaceous 

plants, w hich w ere a bundant dur ing t he w et s eason w ere una vailable i n t he dry s eason. 

Moreover, since most woody plants are deciduous, they shed their leaves in the dry season. So, 

during the dry season (January - May), except the riverine habitat, Alatish National Park loses its 

green vegetation coverage and it is extremely poor in plant productivity. In some riverine trees, 

potential food resources l ike Ficus sp fruit and Stereospermum kunthianum (local name: Zana) 

flowers w ere obs erved from F ebruary t o A pril. N evertheless, pa tas m onkey di d not  us e this 

riverine h abitat.  T he o verall information s uggests that th e h ighly s easonal c limatic p attern o f 

Alatish in fluenced i ts h abitat p roductivity. A s a re sult A latish is h ighly s easonal in its  h abitat 

productivity and food availability.  

 

4.1.2. Estimating Predation Risk  

In t he ha bitat of  pa tas monkeys, the presence of t errestrial pr edators like l ion, s erval, hye na, 

snakes and python were observed.  Lion was identified by the presence of pugmarks, dung a nd 

roaring (Plate 10), hyena was identified by hearing their night barking, while others were directly 

observed. E ncounter of  t hese pot ential pr edators w ere not ed a long w ith t he nu mber of  

individuals, and habitat types in the study area. Predator presence is summarized in Table 1. To 

analyze effects of perceived predation risk on activity time budget (vigilance), predation risk was 

included as an  eco logical f actor i n t he MA NOVA. T he ef fect o f h abitat s tructure o n the 
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probability of r isk of  p redation w as a lso e stimated by  odd s r atio a s a f unction of  ve getation 

cover. 

Table 1. Detection of potential predators during November 2011– April 2013 in the home ranges 
of the study groups of patas monkeys.  
Predator Species Direct observation Indirect observation season 

Lion (P. leo) 0 6 wet 

Serval (F. serval) 11 0 Wet=10, dry=1 

Hyena (Crocuta)  0 3 dry 

Snake ( Black mamba &  

Egyptian cobra) 

15 0 Wet=11, dry=4 

African rock python 1 0 wet 

Total 27 9  

 

  

Plate 10.  Pugmark and semi-buried dung of lion on mud and sand on the river course of Gelegu 
river. 
 

4.1.3. Vegetation Cover 

Seasonality of vegetation cover was considered as an ecological variable that affects the behavior 

of patas m onkey i n their a ctivity time budge t. T he gr ass v egetation cover w ithin the gr oup's 
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home range was sampled with 20 qua drats of 10 x 10 m2 plots in woodland, wooded grassland 

and flood plain habitat types.  In each plot, measures of vegetation cover particularly height and 

density of grass cover were obtained by estimating whether a  2 m vertical pole was visible to an 

observer standing 10 m  away from it. The heights of plants were categorized into small (0- 0·5 

m), medium (0·5 m- 2·0 m) and tall (> 2 m). Human disturbances and the structural complexity 

of t he ve getation i n t he a rea w ere r ecorded u sing qua litative r anking pr ocedures ( Chapman, 

1985). Open flood plains received the lowest rank for structural complexity, while areas with tall 

and de nse unde rstories received t he hi ghest r ank. I n a ddition, t he pe rcentage of  e ach qua drat 

covered by any vegetation and the amount of open ground was also estimated.  

 

4.1.4. Estimating the Risk of Ectoparasite /Tick Infestation 

Collecting tick on pa tas was difficult in the field, as it requires the animals to be trapped. As a 

result, incidents o f t ick at tack o f the researcher and two f ield a ssistants were co nsidered to 

estimate level of tick load in the patas monkeys’ habitat. This method was taken as mechanism 

of studying patas monkeys’ vulnerability to tick infestation as we followed the animals and were 

exposed to ticks as the monkeys were. We also experienced tick bites and associated effects of 

inflammation and irritation from tick bites, itching, and allergic responses (swelling of tick bite 

sites). Most ticks spend the bulk of their l ife on or near the ground, waiting for a suitable host 

animal. Thus, t icks were collected and counted from each of  us  on each behavioral f ield s tudy 

day in the evening when we completed daily field observations. In addition to counting ticks, I 

recorded f eeding e vents while pa tas were gr ooming. H ere t ime s pent f eeding w hile gr ooming 

was t aken a s p roxy of  r emoving the ec toparasite/tick l oad during g rooming. Finally, 

38 
 



susceptibility of patas to tick infestation in the wet and dry seasons was estimated as mean count 

of tick and proportion of feeding during grooming activities.   

 

4.1.5. Climate  

Physical v ariables, especially r ainfall a nd te mperature, can a dequately i nfluence t emporal 

(seasonal a nd a nnual) v ariations in t he availability of  resources (f ood a nd w ater a vailability). 

Thus, t o t race t hese e ffects i n t he study, m onthly da ta on  r ainfall a nd t emperature during the 

whole s tudy pe riod (July 2011 t o J uly 201 3) w ere c ollected f rom t he E thiopian N ational 

Meteorological Agency. Weather data were used to characterize temperature and rainfall of the 

study area as well as to carry out statistical analysis for testing the effect of climate on behavioral 

patterns pa rticularly ra infall a nd t emperature variations in te mporal s cale, i. e. a nnual a nd 

seasonal variability.  

 

4.2. Behavioral study Design and Data Collection   

The field study was carried out from November 2011 to April 2013 in two wet seasons and two 

dry seasons on a single study group. As the study area is remote and inhospitable to stay for a 

long c ontinuous field s tudy time due  t o w ater s hortage, t he wet an d dry seaso n studies w ere 

represented by two sample months in each  sea son. November an d D ecember w ere t aken as  

sample of the wet season studies and March and April were sampled as d ry season. The study 

was conducted for a total of 140 field study days.   

 

In the first year dry season natural water pointes were dried out and there were no cattle water 

trough on human dag water hole around their home range. Thus, the study patas monkeys were 
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migrated a bout 11km from t heir w et s eason home r ange a nd t he s tudy c amp s ite. D uring t his 

season walking to and from the study site to the camp took 3 to 4 hours. As I spent more time in 

travel to reach in their new home range of the study group, full daily data were not collected. As 

a r esult o f this f act, co mparative a nalyses w ere made b etween seaso nal ch ange (wet seaso n 

versus dr y season) w ithin t he s econd ye ar of  t he s tudy and w et s easons of  t he t wo y ears. 

Actually, e xcept t he h uman i nterference on t he ha bitat, di fferences i n t he ha bitat c ondition 

between dry seasons of two consecutive years were not observable. 

 

A single study patas group was selected for this behavioral study the fact that the study aimed at 

investigating ef fects o f eco logical factors o n t heir b ehavior i n r elation t o seaso nal an d an nual 

environmental c hanges. C onducting t his study on a  s ing gr oup w as de signed t o c ontrol 

confounding effects of group size and habitat differences on the study. Other previous detailed 

behavioral studies were also conducted in a single group (Bronikowski and Altman, 1996). In the 

study design I included seasonal changes and annual changes as factors because Alatish is highly 

seasonal in i ts cl imate a nd pl ant p henology. Earlier studies ( Bronikowski a nd A ltman, 1996 ; 

Albert et al., 2005) show that ecological changes in relation to seasonal and yearly variation in 

amount of rainfall and possibly changes in other ecological changes in the home range of study 

group are factors in studying behavioral ecology of savannah baboons. 

   

The a mount of  t ime s pent f or di fferent a ctivities de pend on ha bitat condition (w ith specific 

features in food a vailability (Chapman, 1985 ; Isbell et al., 1998 ), predation r isk (Cowlishaw, 

1998), and seasonal climatic variation like temperature (Hill, 2006; Campos and Fedigan, 2009).  
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Thus, analyses of activity budgets were made by considering the effect of habitat conditions in 

temporal change (seasonal and/annual) aspects.  

 

To collect intensive data on the activity budget, feeding, and range use pattern of the patas group, 

scan sam pling on a sel ected single group as f ocal an imals was used (Altmann, 1 974; L ehner, 

1996). Data were collected on e ach vi sible individual of a gr oup through instantaneous scan  

sampling, which was conducted for 1- 5 min in every 15 min sample interval from 7:30 to 18:00 

(Cohn a nd M acPhail 1996 ; Isbell, 1998;  National R esearch C ouncil, 2003) . The scan  samples 

were conducted on every quarter hour, i.e., at 0, 15, 30 and 45 minutes for daylight 10 hours and 

30 m inutes pe r da y. Activity budge t a nd feeding data c ollected t hrough s can s ampling w ere 

scored as p roportion/percentage s pent f or e ach a ctivity a nd f ood i tem/species per daily a nd 

seasonal samples, respectively. 

 

4.3. Feeding ecology Data collection and Analysis 

Data on feeding ecology were collected together with activity time budgets. As noted in activity 

time budget data collection, feeding behavior was studied in feeding activity scan samples. In the 

scan sample when dietary items were known, the types of food items with corresponding species 

names were recorded. But, when food items could not be identified from a distance, description 

of the motor patterns used to forage the foods were noted and I checked the type of food items 

and species when the feeding animals left the feeding site or guess the item based on the way the 

animals foraged (Isbell, 1998). In addition, some difficult feeding observations were recorded by 

evo-sony d igital r ecording bi noculars and r eplaying t he r ecord t o i dentify t he food i tems a fter 

completing the daily field data collection.  However, when identification of food species was the 
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only difficulty in recording food items, the species were recorded with specific codes and sample 

specimens w ere co llected f or f urther identification. T he co llected plant sp ecimens w ere 

identified in Addis Ababa University Herbarium. Identifications of  species were confirmed by 

curators working in the Herbarium.  

 

The annual food type composition was computed based on scan sample feeding records collected 

during the two wet season months and dry season months observation hours of the study. To test 

seasonal variation in  feeding behavior, records fo r d ifferent fo od it ems were calculated as 

proportions of  the seasonal diet composition. Then, Chi-square t est was u sed t o t est w hether 

feeding behavior of patas is associated with seasonal variation. Moreover, to quantify the degree 

of seasonal variation in the diet composition as a behavioral response to changes in seasonal food 

resources, dietary overlap and dietary breadth between wet and dry seasons were computed.  

  

4.3.1. Analysis of Seasonal Dietary Niche Overlap 

Numerous methods have b een u sed t o a ssess d ietary o verlap ( Holmes a nd P itelka, 1968;  

Schoener, 1968; Rose, 1976; Feinsinger et al., 1981; Post, 1982; Irwin, 2008; Oueda et al., 2008; 

Warren et al., 2008; Dantas et al., 2013). Here seasonal estimation of diet niche overlap between 

wet season and dry season was calculated using the niche overlap O(w,d) metric as: 

O(w,y) = 1-0.5(∑│Piw – Pid│) 

Where, O(w,y)  is index of diet overlap between wet season and dry season; Piw is proportion of 

food i tem i during wet season; P id is proportion of  food i tem i during dry season. This metric 

varies be tween 0 (no o verlap) a nd 1 ( complete overlap). The n iche s imilarity te st a ddresses 

whether the dietary niche utilized in wet season is more similar to the dry season than would be 
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expected b y ch ance.  The i ndex va lue i s ge nerally c onsidered bi ologically s ignificant overlap 

when O (w,d) >0.6 (Wallace 1981 as cited in Dantas et al., 2013). To express the diet overlap 

index in percentage, the value was multiplied by 100.  

4.3.2.Analysis of seasonal dietary niche breadth 

Similar to  diet o verlap analysis conducted i n many s tudies, t his s tudy used Levins' index o f 

dietary niche breadth (Colwell and Futuyama, 1971; Feinsinger et al., 1981; Oueda et al., 2008; 

Warren et al., 2008; Vandercone et al., 2012; Irwin, 2008, Mwasi et al., 2013). Niche breadth for 

diet composition was calculated using index B:  

B= 1/∑P2
ij  

Where, Pij = proportional use of food item i in season j.   

To s tandardize dietary niche breadth index and express i t on a  scale from 0 to 1.0 , (Krebs, 2014)  

formula was used as:   

BA=B-1/n-1 

Where, 
BA= Levins' standardized dietary niche breadth  

B= Levins' measure of dietary niche breadth  

N= Number of possible food items 

 

4.4. Data Collection on Activity Time Budget  

The group was scanned each t ime from left to r ight to avoid potential biases toward behaviors 

such as grooming and f ighting (Dunbar, 1988;  Isbell, 1998). In the v isible individuals of  each 

scan sample, the first activities lasting for more than five seconds were recorded. Recording of 

activity t ime budge ts i ncluded f eeding, m oving, r esting, s ocial a ctivities ( allogrooming, 

aggression, s ocial p lay/friendly i nteractions a nd infant c are), vi gilance/scanning and 
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autogrooming. F eeding w as r ecorded w hen a n i ndividual was obs erved eating, i ngesting or 

placing a n item in  the mouth a nd c hewing. Moving w as r ecorded when a n i ndividual w as 

observed walking, loping, running, climbing, or leaping. An individual observed chewing while 

moving w as r ecorded as m oving. S ocial be havior w as noted w hile a nimals w ere p laying, 

allogrooming and a ggressively i nteracting. V igilance w as r ecorded when an i ndividual w as 

scanning intently into a distance while moving head from side to side or a head lift and standing 

on hind legs on the ground and while moving head from side to side in a tree for brief inspection 

of t he s urrounding a rea ( Alberts, 1 994; E nstam a nd I sbell 2002) . W hen a n a nimal w as bo th 

feeding a nd moving, t he a ctivity was considered as f eeding, a nd he nce m oving t ime w as 

underestimated. Therefore, in the analysis, an additional variable, foraging time, a s time spent 

feeding, and moving, or doing both simultaneously was considered separately.  

 

The a mount of  t ime s pent f or di fferent activities de pends on ha bitat condition w ith s pecific 

features of food a vailability, p redation risk, a nd s easonal climatic v ariations like temperature.  

Thus, to an alyze ef fects o f eco logical f actors t hat d etermine act ivity b udgets, t he h abitat 

conditionsw such as food availability, predation risk, vegetation cover, presence of ectoparasites 

and temperature were considered.  

 

4.4.1. Analyses on Effects of Season on Activity Time Budget 

A total of 3544 scan samples were collected for analysis of activity patterns. Out of these total 

scan samples, 65 r ecorded samples were d iscarded as these samples were t aken in i ncomplete 

daily ac tivity t ime records.  A nalyses o f act ivity t ime budgets were made based on 3479 scan  

samples.  The d aily p roportion of  t ime budge t f or e ach activity w as ca lculated t o g ive eq ual 
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weighting to seasonal habitat condition. Percentage of time spent in each activity was determined 

daily, each day counts as one sampling point; and the overall mean was determined from these 

daily da ta ( Doran,1997). Daily p ercentages of a ctivity t ime budge ts were av eraged t o o btain 

overall percentages of time devoted to different activities over seasonal and annual analyses. The 

overall activity t i m e  budgets were estimated by averaging daily proportion of t ime spent 

in each of the six activity categories during both wet and dry s easons of t he single study 

year. M oreover, i n order to examine t h e  effects of seasonal changes i n ecological 

conditions on behavioral adaptation, analyses were carried out on activity time budgets of 

wet and dry seasons. Before running the analysis, the daily time proportions for each of the 

activity categories were tested for normality and homogeneity. Then to test effects of seasonal 

changes (wet season versus dry season) on activity time budget of different behavioral responses 

(feeding, social, resting, moving, vigilance and autogrooming) one way Multivariate Analysis of 

Variance ( MANOVA) w as u sed for mean co mparison. Animals were expected t o r espond 

behaviorally i n s ome c orrelated m anner t hat w ould be  of  i nterest t o c ope w ith t heir s easonal 

ecological c hanges. A s a r esult o f this, instead of us ing multiple s eparate t -tests, an alyzing 

activity time budgets by MANOVA is appropriate for this study (Scheiner, 2001; Warne, 2014). 

Dependent v ariables of the st udy w hich are b ehavioral r esponses t o seasonal changes are 

potentially correlated.  MANOVA enables to  control potential correlation among activity time 

budgets of  di fferent be haviors.  M ANOVA a lso he lps t o r educe t he l ikelihood of  c ommitting 

type I error (rejecting true null hypothesis), which cannot be achieved in using multiple separate 

ANOVA/t-tests (Scheiner, 2001) .  M oreover, M ANOVA he lps t o de termine w hether the 

independent variable (season) are related to combinations of dependent variables (activity time 

of di fferent be haviors), w hich i s m ore us eful i nformation f or t his be havioral study w ith 
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correlated d ependent v ariables ( Warne, 2014) . Multivariate s ignificant test f or main e ffects o f 

season and year were tested at 95% level of confidence (α = 0.05). After confirmation of 

significant effects of season and year on t ime budgets, the univariate F tests were done for each 

activity time budget of behaviors to explore how seasonal variations influence specific patterns 

of behavioral response on the activity time budget. In these tests of specific effects of season on 

activity t ime budget, s ix tests on each factor (season and year) were done with an experiment-

wise alpha of 0.008 (α = 0.008). Experiment-wise l evel of  P  <  0.00 8 w ere s et by di viding 

significance level of the main effect (α = 0.05) by six to get an acceptable significance level for 

each of the six tests.   

 

Moreover, when two activities cannot be scheduled simultaneously, animals which are forced to 

choose between activities incur costs in terms of reduced opportunities engage in other 

biologically important activities. Dunbar (1992) and Dunbar et al (2009) have suggested that as 

the biological/survival de mands of a n a ctivity rise, an animal’s tim e budget becomes 

increasingly compressed until it is forced to give up  time from one or more other activity 

categories t o f ulfill time de mand of  t he r equired a ctivity. Thus, t o a nalyze the pattern of  how  

patas m onkeys al located t heir a ctivity t ime b udget in constrained extreme seaso nal habitats of  

Alatish, Pearson correlation analysis was used.  On the other hand, ecological de terminants o f 

seasonal variation in the activity time budget were also analyzed by multiple GLM (generalized 

linear m odels/MANCOVA. E cological f actors such as f ood av ailability, v egetation co ver an d 

predation risk w ere recorded a s c ategorical d ata an d recoded as d ummy v ariables. R egression 

model with dummy variables i s fundamentally the same as conducting a t -test on t he pos t test 

means f or t wo gr oups or  c onducting A nalysis of  V ariance ( ANOVA). S o, m ultiple 
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GLM/MANCOVA was used to identify/predict which factors contributed to the difference in the 

seasonal activity time budget. In the model with dummy variables, the estimate of the difference 

between the (treatment and control) groups is β1.   

 

4.5. Ranging Pattern Data Collection and Analysis 

Ranging da ta w ere ge nerated f rom t he G PS da ta of  t he s tudy gr oup s can s amples of  f ull da y 

(7:30 __ 18:00) follows recorded a t e very 15 -minute interval (Wallace, 2006 ; Hoffman a nd 

O’Riain, 20 11). The GPS da ta w ere r ecorded s tarting f rom t he l ocation of  t he gr oup i n t he 

morning before the group left their previous night resting site, to the late evening when the group 

moves to a sleeping site of the day. Home range sizes were estimated using 95% Kernel density 

(KDE), 95 % minimum c onvex polygon ( MCP) a nd gr id c ell m ethods, which a re t he m ost 

common home range estimators (Grueter et al., 2008; Nilsen et al., 2008; Grueter et al., 2009; 

Steiniger a nd H unter, 2 012). T he KDE w as i mplemented w ith f ixed s moothing us ing least-

squares cross-validation bandwidth determination and 25 c ell s ize grid resolution. In the MCP 

method, h ome r ange si ze w as co nsidered as  t he area contained i nside th e s traight lin e 

connections a mong a ll the peripheral s ightings of  t he g roup.  D aily r ange l engths ( travel 

distances) were estimated f rom t he sequence o f coordinates t aken at  every 15 minute location 

record f rom e arly m orning t o the late e vening (Hoffman a nd O ’Riain, 2011 ). D aily travel 

distances were calculated as the sum of distances between each set of location coordinates by the 

software.  B oth t he a rea of  t he pol ygons ( home r ange s izes) a nd da ily r ange l engths w ere 

computed w ith O penJUMP H ome r ange A nalysis a nd E stimation ( HoRAE) f ree G IS T oolbox 

software (Steiniger a nd H unter, 2012 ). I n a ddition t o t he ho me r ange a nd da ily r ange l ength 

estimations, O penJUMP w as u sed t o ev aluate the pattern o f seaso nal habitat u se o f t he g roup 
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from all GPS data points of seasonal group locations imported to it (Steiniger and Hunter, 2012). 

Test of whether patas shift their home range in response to resource changes between wet and 

dry seaso ns w ithin a y ear an d t he same wet seaso ns o f t wo co nsecutive y ears were an alyzed 

through polygon overlay. Home range overlap analysis was also used to analyze overlap between 

heterosexual g roup an d all males g roup. C ore a reas w ere al so est imated f rom L SCV K DE b y 

creating core area from density raster layer.  

 
 

The patterns of range use were plotted and evaluated by superimposing a 100 m x 100 m grid on 

top of a map of each season’s set of location records using ArcGIS10.  The frequency of GPS 

location records that fell into each 1-ha grid was counted for analyzing grid utilization patterns 

(Grueter et al., 2008 ). Percentage of u se f or e ach g rid in each s eason w as es timated an d t hen 

percentage scores w ere cat egorized i n t o t he nearest q uartile o r 2 5% o f seaso nal r ange u se 

(Wallace, 2006 ). T he ove rall i ntensity of  gr id use a cross the hom e r ange w as r epresented by 

using four use-intensity categories: 25% overall use, 25% - 50% use, 50  _75% use, > 75% use. 

Greater than 50% of grid uses were considered as core areas of range use. Moreover, the degree 

of r ange u se ev enness was est imated b y t he S hannon-Weaver ev enness i ndex J (Help et al., 

1998). This evenness index was computed as:  

J = H’/H’ maximum= H' / logS 

Where J provides a measure of how evenly the 100 m x 100 m grid cells were represented in the 

range utilization of the patas in each season; H’ is Shannon-Weaver diversity index (H’ = –∑pi 

log pi, where pi is the proportion of quadrat/grid utilization in grid i); S is the number of grids in 

the season. In this analysis the index approaches to 1 as the range use evenness increases, but it 

approaches to 0 as the evenness of grid use decreases in the range use pattern. 
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4.5.1. Statistical Analysis 

To test whether home range sizes of patas changed in response to seasonal change in resource 

availability Wilcoxon signed-ranks tests were used. However, t est of  da ily r ange lengths were 

analyzed by paired sample t-test.  Here, for the sake of seasonal change analyses, November and 

December were considered as wet season and March and April as d ry season. Thus, wet versus 

dry season comparison was made for 2012 wet season and 2013 dry season. Wet season of 2011 

was considered to compare interannual difference of the same season. 

    

4.6. Habitat Alteration and Anthropogenic Effect Assessment Methods 

4.6.1. Field Survey 

During the f ield observations, da ta on ha bitat a lterations w ere c ollected through r andomly 

selected f ive 3  km l ong t ransect surveys in t he be havioral s tudy A mjale s ite. These t ransects 

were laid 100 m apart. In addition, survey was conducted on vehicle in the northern part of the 

Park f rom Bermil to  J abra, f rom Bermil to  A mjale a nd fro m A mjale to  A lga s ites. T ypes o f 

habitat a lterations were noted and photographs were taken. During the survey, types of  habitat 

alterations were r ecorded. T o qua ntify e ffects o f fire on ve getation c over, l andcover w as 

estimated by analysis of satellite imagery. 

 

4.6.2. LandCover Change Analysis  

The study used moderate resolution (30 m) landsat and high resolution (4 m multispectrum and 1 

m p anchromatic) k ompsat sa tellite i mages accessed f rom United S tates G eological S urvey 

(USGS) and European Space Agency (ESA), respectively. Enhanced Thematic Mapper (ETM+) 

Landsat-7 and Landsat-8 satellite images of 1999 and 2013 on path 171 and row 51 and 52 were 
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used to analyze temporal landcover changes in the study area. Whereas, high resolution Kompsat 

imagery of 2012 was used for referring the patterns of landcover in the study area, as it enables 

to obs erve detailed na ture of  ve getation pa ttern t o t he e xtent of  a  s ingle t ree c anopy. T he 

Ethiopian Mapping A gency ( EMA) t oposheet of 1:250,000 scale l ocating t he s tudy ar ea w as 

used f or ge o-referencing t he s atellite i mages. Landsat s atellite i mages an d k ompsat s atellite 

images were r adiometrically a nd geometrically processed using ERDAS I magine 10.0 ( Ortho-

rectification with WGS 1984 UTM Zone 36 N).  T he ground truth of the area was sampled by 

direct observation to verify image classification.  

 

The ground truth information was collected during the field survey by GPS on 44 ground control 

points (GCPs) in t he st udy area. These GCPs were c ollected th rough stratified s ampling f rom 

each of t he landcover t ypes (riverine w oodland, Combretum-Terminalia Woodland, Acacia 

woodland, wooded grassland, bamboo woodland and water body/flood plain).  W hen recording 

GPS points dur ing the f ield survey, t he cu rrent l andcover classes were noted in t he f ield. The 

GPS poi nts w ere dow nloaded a nd ove rlaid o n t he imagery a nd u sed f or r efinement of  t he 

landcover map i nterpretation. F or landcover mapping, visual i nterpretation t echnique was 

employed. Based on the extensive ground truth samples and detailed information obtained from 

high r esolution ( 4 m multispectrum a nd 1  m p anchromatic) K ompsat s atellite im age, tra ining 

samples and s ignature generation ( interpretation keys) were developed. The mapping t rial was 

carried out f irst on the datasets of the 2012 Kompsat imagery. Same vector layer was overlaid 

upon t he 20 13 a nd 1999 l andsate d ataset, a nd t he pol ygons w ere m odified w herever c hanges 

were f ound. L and-cover cl assification w as made b y su pervised cl assification m ethod. I n t he 

process of classification, training area was taken on each of the land-cover classes, based on the 
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reflectance signature o f d ifferent f eatures o n t he f alse co lor co mposite 4 -3-2 ( FCC) b and 

combinations. Maximum likelihood classifier technique was used for image classification, and a 

3 x 3 pi xel moving w indows majority f ilter was e mployed t o s moothen t he c lassification. 

Accuracy t est f or t he prepared l and-cover classification was co mputed b y t aking t he f ield 

collected 44  poi nts f rom t he six l and-cover cl asses t hrough E NVI so ftware. C hange d etection 

statistics matrix of land-cover and rate of change were also computed by ENVI software.  T he 

rate of land-cover pattern changes during the period 1999–2013 were estimated as the difference 

in t he r espective l and-cover t ype i n he ctare di vided by dur ation in ye ars. T he pr epared 

supervised land-cover images were exported to ArcGIS 10.0, and LC maps were prepared for the 

years 1999 and 2013.  
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CHAPTER 5 RESULTS 

5.1. Feeding Behavior  

5.1.1. Diet of Patas Monkeys 

Overall, 16 pl ant species and one animal sp ecies w ere co nsumed as food by patas m onkeys 

during 2011 a nd 2012 w et s easons a nd 2013 dr y s eason. Among these f ood sp ecies six were 

trees/shrubs, eight were herbs (2 crop herbs, 2 climbing herb and 4 ground herbs), and two were 

grass. Out of total 19 f ood items, 7 food categories were recorded from plants and insect items 

(full l ist in Table 2). Among the total proportion of food i tems 56.3% were tree/shrub (flower, 

fruit, pod a nd gum), 30.3% were herb/grass (flower, fruit and pith), 12.6 % were crop (flower, 

fruit/seed a nd pi th) a nd onl y 0.8%  w ere a nimal food ( insect). In t he a nnual di et c omposition 

different f ood i tems s uch a s gum  ( 39%), f ruits a nd f lower bu ds ( 32.7%), Acacia seyal pod 

(0.6%), c rop s eed (8.1%), he rb s tem pi th ( 3.5%), c orm/tuber ( 14.8%), a nd i nsect (1.3%) 

contributed as sources of food (Table 3).  
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Table 2. Summary of food items in the overall diet composition of Patas monkeys in relation to 
their overall proportion, importance and seasonal utilization.  
Food item   Seasonal 

use 

Acacia polycantha gum   W 

Acacia seyal gum   W>D 

Acacia seyal pod   D 

Balanites aegyptiaca fruit   W 

Combretum hartmannianum 

gum 

  W>D 

Cotton flower bud   W 

Cucumis ficifolius fruit   W 

grass ( Rottboellia cochinchi) 

stem pith 

  W<D 

Cricket/insect    W 

Ipomia aquatica fruit /flower   W 

Lannea fruticosa flower/fruit   W 

Murdannia simplex stem   W 

Sorghum seed   W 

sorghum stem pith   W 

Zizipus sp. Fruit   W 

4 Unidentified spp. (2 bulb l ike 
root, 1 grass corm & 1 tuberous 
root) 

  D 

 W=wet season, D= dry season 
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Table 3.  Contribution percentages of food species in patas annual diet 
Food species Percentage 
Acacia polycantha 3.144654 

 Acacia seyal  27.98742 
 Balanites aegyptiaca  2.830189 
 Combretum hartmannianum  8.490566 
 Gossypium sp. ( cotton) 

Malvaceae 6.918239 
 Cucumis ficifolius  3.459119 
 grass s p (Rottboellia 

cochinchi) 2.201258 
 Gryllus sp./cricket(Gryllidae) 1.257862 
 Ipomia aquatica 17.92453 
 Lannea fruticosa  1.257862 
 unidentified tubers/ corms 14.77987 
 Sorghum sp 9.433962 
 Zizipus sp 0.314465   

 

As obs erved i n Table 3  the w oody p lants sp ecies, Acacia seyal (27.99%) had t he highest 

proportion in t he diet of pa tas. T his w as f ollowed by the herbaceous pl ant, I. aquatica and 

tubers/corms, which contributed for 17.92% and 14.78% of the patas annual diet, respectively. 

Out of their annual food items, patas depended on 44.03% woody plants and 54.72% herbaceous 

plants. T he r ole of  w oody pl ant food items, which w ere 50.58%  of the w et seaso n diet 

components, was l imited d uring the dry seaso n diet. D uring the dry seaso n, woody pl ants 

accounted only for 15.25% of  patas diet. However, herbaceous plants contributed significantly 

both i n w et a nd d ry s easons. I n the wet seaso n, 47.88% of pa tas d iets w ere a bove gr ound 

herbaceous pl ant pa rts ( flower, f ruit, s eed, a nd t em pi th), and t hese d iets w ere su bstituted b y 

underground parts in the dry season. In food scarce dry season, herbaceous plants contributed for 

about 84.75% of feeding time.  
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 The proportion of  t ime spent feeding on t he ground and on the t ree show seasonal variations. 

During the late wet season, the time spent feeding on the tree and on the ground was 50.58% and 

49.42%, respectively. In the wet season the proportion of time spent feeding on tree and on the 

ground was nearly equal. During the dry season, patas monkeys in Alatish also spent very high 

proportion of feeding time (84.75 %) on the ground, whereas feeding on trees was only 15.25%.  

 

As de scribed i n phe nology, dur ing the late w et seaso n, there were some t ree sp ecies t hat 

contributed gums, flowers and fruits to the patas diet. However, during the dry and hot months of 

the season (March, April and May), all woody plants except Balanitus aeyptica and riverine trees 

shed their leaves and did not  provide f lowers and f ruits. Despite Balanitus aeyptica remaining 

green, its fruiting season is during the wet season. In addition, during the late dry season, gum of 

Acacia t rees were also dried and hardened to be eaten. Asthey rapidly grow and bloom during 

the wet season, they were unavailable dur ing the dry season. Thus, except small proportion of  

Combretum hartmannianum trees that produce gum, in the late dry season, patas depend on food 

resources a vailable on th e g round. T hese f acts im ply th at th e terrestrial m ode lif e o f p atas 

monkeys is seasonal response to changes in availability of food resources.   

 

5.1.2. Test of seasonal and annual variation in diet composition  

The dietary composition of patas during the dry season was different from their wet season diet 

(figure 6 and 7). F eeding be havior of  pa tas monkeys s howed a highly s easonal pa ttern of  

consumption of major food items.  
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Figure 6. Proportions of different food items consumed by patas during the wet and dry seasons. 
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Figure 7. Percentage o f d ifferent f ood i tems co nsumed i n the wet and d ry seasons o f t wo 
consecutive years. A= wet season diet of 2011, B = wet season diet of 2012, and C= dry season 
diet of 2012.   
 

Except Acacia pod, s tem pith and insect, seasonal variation in consumption of most of the food 

items were statistically significant. In the wet season, diet compositions of patas monkeys in their 

order of  pr oportion w ere gum  ( 44.79%), f ruit ( 40.38%), crop s eed (10.04%), s tem pi th of  

herbaceous plants (3.09%), insect (1.54%), and Acacia pod (0.4%) (Table 4). In the dry season, 

however, s ignificant pr oportion of  pa tas di et was c orms and t ubers (79.66%). The hi ghest 

proportion of their wet season diet such as gum accounted only for 13.56% in the dry season. 

Fruit/flower bud and crop seed food items were completely lost in their dry season diet. Instead 

small proportion of grass stem pith (5.08%) and Acacia pod ( 1.69%) supplement its dry season 

diet. Peak fruit, flower buds and crop seed consumptions were observed towards the end of the 

wet season and early dry season before seasonal flood plain herbs and crops dried. Patas spend 

significantly more t ime f eeding on f ruits a nd s eed i n the late w et s eason t han during t he dry 

season ( χ² = 35.2, df = 1, p <  0.0 5 a nd χ² = 6.45, df =1, p = 0.01). S easonal f lood pl ains a s a  

wetland provides water and food resources for patas monkeys.  

13.56%
1.69%

79.66%

5.08%

Dry season % of food items 
in the diet (2013)

Gum

Acacia pod

Grass 
Corm/tuber

Grass Stem 
pith

C

57 
 



Table 4. Statistical summary of effect of season on consumption of different food types  

 Season  

category of food types consumed by patas 

Total Gum 
Acaci
a pod 

Fruit/fl
ower 

Crop 
seed Insect 

Stem 
pith 

Corm/tub
ers 

W
et

 

% 
within 
season 

44.8% .4% 40.2% 10.0% 1.5% 3.1% 0.0% 100.0
% 

% 
within 
categor
y of  
food 
types 

92.8% 50.0% 100.0
% 

100.0
% 

100.0
% 

72.7% 0.0% 81.4% 

dr
y 

 

         
% 
within 
season 

15.3% 1.7.0
% 

0.0% 0.0% 0.0% 5.1% 79.7% 100.0
% 

 

% 
within 
categor
y of  
food 
types 

7.2% 50.0% 0.0% 0.0% 0.0% 27.3% 100.0% 18.6% 

          % 
within 
annual 

39.3% .3% 32.7% 8.2% 1.3% 3.5% 14.8% 100.0
% 

         

Chi-
squar
e test 

X2 19.67 1.3 35.2 6.45 0.92 0.57 236.1  

df 1 1 1 1 1 1 1  

p < 
0.001 

0.25 < 
0.001 

0.01 0.34 0.45 < 0.001  

 

In a ddition to  in ter-seasonal va riation i n the diet c omposition, wet seaso n ( November t o 

December) of two consecutive years (2011 and 2012) also showed some inter-annual variation in 

feeding of food items (Figure 7).  Particularly variations in time spent feeding food times were 

significant in fruit and gum proportions. In 2011, gum consumption was high (69. 42%) whereas 

in this season the contribution of fruit was low (22.82%). Conversely, in 2012 fruit composition 
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in th e d iet increased (4 0.38%) a lmost tw ice o f t he p revious y ear an d the proportion of  gu m 

decreased t o 44.79% . I n t hese two c onsecutive s tudy ye ars, a nnual pr oportion of  fruit 

consumption in the diet of patas monkeys also revealed strong positive correlation with annual 

rainfall (rs= +1, P < 0.01, N = 2) and proportion of gum consumption was negatively correlated 

with ra infall (r s = -1, P  <  0.01, N = 2) . These i nter-annual di fference i n gu m a nd f ruit di et 

composition is linked to temporal variation in rainfall and fruit availability.  

 

5.1.3. Seasonal Dietary Niche Breadth and Switching 

In t he an alysis o f the effect o f seaso nal ch anges o n f eeding b ehavior, t he S choener’s d ietary 

niche overlap index estimation indicated that dietary niche overlap between wet season and dry 

season w as 0.155.  As 0.155 i s l ess t han 0.6, which i s t he s tandard of ni che s imilarity i ndex 

(Wallace 1981 as cited i n D antas et al., 2013 ), di etary ni che ove rlap be tween w et a nd dr y 

seasons of this study is not biologically significant. This estimation of niche overlap also agrees 

with the estimation made by adding the common minimum percent occurrence of food items in 

the wet an d d ry s easons, which i s 15.49%. This sm all p ercentage o f d ietary n iche o verlap 

between w et a nd d ry s easons s hows t hat pa tas m onkeys us ed di etary switching a s be havioral 

adaptation mechanism to survive in highly seasonal savannah habitat of Alatish National Park.  

In a ddition to di etary s witching, p atas m onkeys s how s easonal va riation i n the dietary n iche 

breadth.  D ietary niche breadth of 2012 w et season was 5.5, and number of food items was 14. 

Therefore, t he wet s eason s tandardized ni che b readth i s 0.35. H owever, i n t he s ubsequent dr y 

season ( 2013), di etary niche br eadth i s 1.55 a nd the number of  f ood i tems c onsumed was 5. 

Thus, its dry season standardized niche breadth is 0.14. T his points out that even though patas 
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monkeys ge neral d ietary ni che br eadth i s na rrow, i ts dr y s eason di etary ni che breadth w as 

extremely narrower than its wet season dietary niche breadth.  

 

5.2. Activity Time Budget  

5.2.1. Overall Activity Time Budget 

 
In their overall annual activity time budget, Patas monkeys spent 16.71% of their activity time 

feeding, 22.75% moving, 11.26 social activity, 32.03% resting, 14.93 % vigilance and 2.33% for 

other non-social activity (Table 5).  This activity pattern shows that patas monkeys spent more 

time in foraging (feeding + moving = 39.45%), followed by resting and less time spent in social 

activities.  

  

Table 1. Descriptive Statistics of annual activity time budget of patas 

Activity category Range 

 

Mean 

 

SE SD 

 

Social time 30.77 11.27 1.52 8.84 

Feeding 27.75 16.71 1.17 6.83 

Moving 29.33 22.75 1.30 7.58 

Vigilance 27.08 14.93 1.10 6.41 

Autogrooming 10.34 2.33 .48 2.81 

Rest 55.54 32.03 2.22 12.95 
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5.2.2. Seasonality in Activity Time Budget 

The null hypothesis in this study was that wet season and dry season behavioral observations are 

equal on a ll a ctivity time budge ts. Thus, MANOVA was conducted to de termine the e ffect of  

season on the overall six behavioral activity time budgets. The analysis indicates that season has 

a statistically significant effect on the overall activity time budgets. 

 

Seasonal changes in the environment had a major influence on the activity time budgets of patas 

monkeys. Analysis o f act ivity t ime b udgets r evealed t hat P atas monkeys sh ow behavioral 

adjustment in response to seasonal environmental changes (Table 6a,b and Figure 8). The result 

of multivariate analysis make clear that season has statistically significant effect on activity time 

budget, [Wilks’ λ = 0.21, F = 17.14, df = (6, 27), p < 0.001, partial η2 = .79. This high effect size 

(partial η2 = .79) ] implies, seaso n h as st rong ef fect o n ch anges in the activity t ime budge t of  

different be havior b etween w et s eason a nd d ry seaso ns. T hus, a ctivity t ime budge ts of  pa tas 

monkeys i n A latish a re s ignificantly influenced by s eason. I n ot her w ords, s eason h as 

statistically significant effect on the difference in the activity time budget of different behaviors 

between wet season and dry seasons.  

 

Specific t ests o f ef fects o f seaso ns i n act ivity time b udget have r evealed that t he ef fect w as 

significant for social behavior (F(1,32) = 66, p<0.001), partial η2 = 0.67; moving (F(1,32) = 28.9, 

p<0.001), partial η2 = 0.39;  resting (F(1,32)=17.88, p<0.001), partial η2 = 0.48;  vi gilance 

(F(1,32)=11.22, p= .002, partial η2 = 0.26 and autogrooming (F(1,32)=8.79, p=0.006, partial η2 = 

0.22). Effect sizes of statistical tests revealed, social behavior and resting were highly influenced 

by seasonal changes compared to other activities. During the dry season, there was little time for 
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social activities, whereas resting time increased much in the heat stressed dry season. But, effect 

of season on the time spent in feeding was not statistically significant (F (1, 32) = 1.56, p=0.22, 

partial η2 = 0.05).  I n a ddition, when bot h moving a nd f eeding were combined a nd t ermed a s 

foraging (Bronikowski and Altmann, 1996; Alberts et al., 2005), seasonal difference in foraging 

was not significant (F (1, 32)= 4.83, P= 0.044, η2 = 0.12) with reference to Bonferroni correction 

α= 0.01. 

62 
 



Table 2a. Results of multivariate analysis to test the effect of season on activity time budget.  
Effect Value F Hypothesis df Error df Sig. Partial Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerc 

Intercept 

Pillai's Trace .998 2721.774b 6.000 27.000 .000 .998 16330.645 1.000 

Wilks' Lambda .002 2721.774b 6.000 27.000 .000 .998 16330.645 1.000 

Hotelling's Trace 604.839 2721.774b 6.000 27.000 .000 .998 16330.645 1.000 

Roy's Largest Root 604.839 2721.774b 6.000 27.000 .000 .998 16330.645 1.000 

Season 

Pillai's Trace .792 17.144b 6.000 27.000 .000 .792 102.863 1.000 

Wilks' Lambda .208 17.144b 6.000 27.000 .000 .792 102.863 1.000 

Hotelling's Trace 3.810 17.144b 6.000 27.000 .000 .792 102.863 1.000 

Roy's Largest Root 3.810 17.144b 6.000 27.000 .000 .792 102.863 1.000 

a. Design: Intercept + Season 

b. Exact statistic 

c. Computed using alpha = .05 
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Table 6b. Result of statistical test on effect of season in specific activity time budget 
 

Tests of Between-Subjects Effects 

Source Dependent 

Variable 

Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Partial 

Eta 

Squared 

Noncent. Parameter Observed 

Powerg 

Season Social 

behavior 

1000.479 1 1000.479 66.0

41 

.000 .674 66.041 1.000 

Resting 

behavior 

2628.559 1 2628.559 28.9

28 

.000 .475 28.928 .999 

Moving 

behavior 

679.721 1 679.721 17.8

80 

.000 .358 17.880 .984 

vigilance 

behavior 

352.077 1 352.077 11.2

16 

.002 .260 11.216 .901 

Autogrooming 

behavior 

55.969 1 55.969 8.78

6 

.006 .215 8.786 .820 

Feeding 

behavior 

72.556 1 72.556 1.58

5 

.217 .047 1.585 .231 

a. R Squared = .674 (Adjusted R Squared = .663) 

b. R Squared = .475 (Adjusted R Squared = .458) 

c. R Squared = .358 (Adjusted R Squared = .338) 

d. R Squared = .260 (Adjusted R Squared = .236) 

e. R Squared = .215 (Adjusted R Squared = .191) 

f. R Squared = .047 (Adjusted R Squared = .017) 
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The proportions of time spent in the six activity time budgets form a mutually dependent set of 

patterns in which t ime s pent in on e a ctivity i s ne cessarily una vailable f or t he pe rformance o f 

others. Hence, the statistically significant correlations between time spent in one activity with the 

other might have some behavioral implication. Despite interseasonal di fference in feeding and 

foraging a ctivity, time b udgets w ere s tatistically in significant, th e p roportion o f ti me s pent in 

feeding was higher and conversely time spent in moving was lower during the wet season, and 

the opposite was true during the dry season.  H igher proportion of time spent in moving during 

the dr y s eason implies t hat pa tas m onkeys s pent m ore t ime i n s earching f or f ood during dr y 

season than during the wet season. The group spent more time in resting and moving during the 

hotr and food scarce dry season, whereas social behavior such as allo-grooming and non s ocial 

activities like vigilance and self grooming (autogrooming) occurred more frequently in the wet 

season.  

 

 Figure 8. Comparison of activity time budget between the wet and dry seasons 
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The dry season activity time budget showed a s ignificant increase in the time spent on moving 

and resting with proportional decrease pattern i n t he time s pent i n s ocial a nd o ther non -social 

activities (Figure 8). On an average, the time spent in social activities was reduced by 11% from 

12.26% t o 1 .24% c orresponding t o seasonal c hange f rom wet s eason to dr y s eason. V igilance 

and autogrooming also fall by 6.54% and 2.6%, respectively, during thedry season.  On the other 

hand, the time spent in resting was increased by 17.87% and moving was increased by 9.1%  of 

the a ctivity time. F oraging w as i ncreased on ly by 6.12%  as feeding was d ecreased by 2.97% . 

These tradeoffs in the activity time budget are also supported by correlation analyses (Table 7).  

 

Table 3.  Results of correlation analysis among activity time-budgets 
Activity time Social Resting Moving Feeding Foraging Vigilance 

Social —      

Resting -.525** —     

Moving -.680** .171 —    

Feeding -.051 -.433* -.256 —   

Foraging -.814** .295 .825** .070 —  

Vigilance .310 -.771** -.129 .121 -.277 __ 

Autogr. .294 -.490** -.274 .152 -.377* .279 

 

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

The pr oportion of  t ime s pent in resting a nd s ocializing in wet and dr y seasons are s trongly 

negatively correlated (Table 7, r = - 0.525, P = 0.01). Resting time was also negatively correlated 

with other non-social activities like vigilance at r = -.771** (p = 0.01) and autogrooming at r = -

.490** (P = 0.01). Even though time spent in feeding did not show significant difference between 
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seasons, resting was negatively correlated with feeding at r = -.433* (P = 0.05). But, resting was 

not c orrelated w ith m oving ( r= 0. 171, p =  0. 33). S imilarly w hen f eeding a nd m oving are 

combined as foraging, resting is not correlated with foraging (r = 0.295, P = 0.09).  Thus, this 

study suggest that resting time in this patas group is an enforced resting but not spare time that 

could be allocated for other activities like foraging when foraging demand was increased.  

 

In c ontrast to r esting, t ime s pent i n s ocial activities w as strongly n egatively c orrelated w ith 

moving at r = -.594** (p = 0.01). Foraging was also strongly negatively correlated with time spent 

in s ocial a ctivities (r =  -0.814, P  <  0.001) . H owever, s ocial a ctivity was pos itively c orrelated 

with other non-social activities such as v igilance (r = 0  .365*, p =  0.05) and autogrooming (r = 

0.417*, p =  0.05) . An increase in resting and foraging t ime during ecologically stressed season 

together w ith in verse p attern in  th e n eed f or social a ctivity a nd v igilance s howed s ignificant 

seasonal t radeoffs in the activity t ime budge t. These imply that t ime budge t for social activity 

and other non-social activities were sacrificed for resting and foraging. This finding substantiates 

the hypothesis of dispensable social time. The findings of this study also support this dispensable 

social tim e hypothesis in w hich social t ime c ould be  scarified f or a ctivity a djustments in 

response to the survival strategy of the animal. Patas monkeys reduced their social activity time 

budget in response to the need for foraging time during food scarce dry season.  

 

Within foraging, proportion of feeding and moving time was weakly or not correlated (r= -0.26, 

P= 0.14) . T his w eak n egative c orrelation a nd increased d emand for foraging du ring the dry 

season imply that the increase in the proportion of time spent moving in the dry season may be a 

result of scarcity for food or scattered food distribution, and have their own need for searching 
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food items spending time during the dry season. These findings suggest that the habitat quality 

was de graded dur ing the dry seaso n which resulted in  an e cological ch allenge f or survival of  

patas in the present study area.   

 

Within th e social a ctivity c ategories, a llogrooming w as s trongly p ositively c orrelated w ith 

aggression (r= 0.577, P< 0.001). Both allogrooming and aggression were significantly observed 

in the wet season as compared with their occurrence during the dry season. The mean proportion 

of time spent in allogrooming was higher (17± 6.68%) during the wet season than during the dry 

season (3 ± 2.87%, t= 7.4, df = 32, P  <  0.001) . S imilarly, aggression was r elatively f requent 

during wet s eason (3.7 ± 2.7%) than during t he dry s eason (0.3 ± 0.79%, t= 4.5, df= 32, P < 

0.001). A utogrooming a lso s howed the same pa ttern of  s easonal va riation as a llogrooming, 

which was also higher during the wet season (3.4 ± 2.89%) than during the dry season (0.79 ± 

1.87%, t= 2.9, df=32, P< 0.01). These two forms of grooming were also positively correlated (r = 

0.488, P< 0.01).    

 

However, the above mentioned relationships among activity budgets are not strictly independent 

as the s um of time pr oportions of  all activity p attern of each season m ust be equal to 100%. 

Therefore, the s ignificance o f th is correlation was difficult t o unde rstand without c onsidering 

environmental va riables.  I n a nalyzing the effect o f seaso nal en vironmental v ariation, a  

significant c orrelation (S pearman rank correlation) was found be tween t he a verage m onthly 

proportion of time spent in resting activity and mean monthly maximum temperature (r = 0.929, 

P< 0.05). This suggests that increasing temperature accounted for a significant increment in the 

proportion (17.87%) of the average monthly time spent in resting.  
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5.2.3. Ecological Factors that Determine Seasonality in Activity Time 

Analyses of time budgets are expected to show that time budgets broadly reflect the choices that 

animals make about the relative importance of various activities in different seasons. But, unless 

the na ture of i nfluence o f seaso nal v ariability i n e cological f actors a nd t heir ef fects o n t he 

animals’ behavior are well understood, the pattern and importance of seasonal variability in the 

proportion of time spent in different activities may be difficult to interpret. Thus, this section of 

the st udy at tempted t o an alyze ef fects o f eco logical f actors t hat ex plain seaso nal variations in 

activity time budgets or behavioral responses.   

 

Analyses on ecological f actors ( Table 8a, b ) sh ow t hat sea sonal changes i n eco logical f actors 

such a s f ood a vailability or  di etary ni che br eadth, t emperature, e ctoparasite i nfestation a nd 

predation r isks si gnificantly d etermine seaso nal ch anges i n the activity time budge ts. A s 

observed in their effect sizes, seasonal change in food availability has the highest effect (0.83) 

for seasonal behavioral changes. Food availability is typically considered as the main ecological 

factor for variation in t ime spent on different activities. The general model summary (Table 8) 

showed that the ecological factors significantly explain variations in social time (80.9%), resting 

(61.9%), moving/travel time (66%) and the time spend onvigilance (37.9%).     

 

Specific an alyses o f d eterminants o f each  b ehavior revealed the f ollowing p atterns o f 

relationship between activity times and associated ecological factors.  V ariation in resting time 

was determined by predation risk (p = 0.001, η2 = 0.32), food availability (p= 0.001, η2 = 35.6) 

and temperature (p= 0.008, η2 = 0.22). Seasonality in social t ime was a lso influenced by f ood 

availability (p < 0.001, η2 = 0.73) and ectoparasite infestation (p < 0.001, η2 = 0.45). Among the 
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ecological factors, seasonal change in food availability (p< 0.001, η2 = 0.51) and temperature (p< 

0.001, η2 = 0 .36) de termine t ime s pent in moving. T he e ffect of  pr edation risk w as a lso 

statistically significant to determine seasonal changes in the time spend on vigilance (p = 0.008, 

η2 = 0.36).  

 

In addition to predator encounter, seasonal ground vegetation cover is also a confounding factor 

that af fects vigilance. An i nteraction ef fect an alysis o f seaso nal g round v egetation co ver w ith 

predator encounter on vigilance was statistically significant at P< 0.05 and R2 = 0.17.  Results of 

predation r isk est imate an alysis also s upports ve getation c over a s an ecological f actor f or 

seasonal variation in the time spend on vigilance. 

 

Parameter estimates of the MANOVA predicted that an  increase in the temperature influenced 

animals to spend more time in resting. The model also revealed that an increase in the level of 

ectoparasite infestation caused increase in social time of patas monkeys. Increasing in the level 

of t ick l oad might f orce pa tas to s pend more t ime i n gr ooming. According t o this M ANOVA 

parameter estimates, reduction in food availability and increase in the temperature resulted in an 

increase in time spent moving.  

 
Table 4a. Results on g eneral l inear model of effect of ecological determinants on act ivity t ime 
budget 

Effect Value F df Sig. 
Partial Eta 
Squared 

Observed 
Powerc 

 Predation risk Wilks' Lambda .468 4.350b 6,23 .004 .532 .940 

 Food availability Wilks' Lambda .169 18.798b 6,23 .000 .831 1.000 

 Temperature Wilks' Lambda .538 3.294b 6,23 .017 .462 .848 

 Ectoparasite Wilks' Lambd 0.494 3.923b 6,23 .008 .506 .911 
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Table 8b.  Summary of  ge neralized l inear m odel on t he e cological de terminants of specific 
activity time budget  

Source 
Dependent 
variables 

Sum of 
Squares df 

Mean 
Square F Sig. 

Partial 
Eta 

Squared 
Observed 

Powerg 
Summarized 
Model 

Social 2401.324a 5 480.265 23.676 .000 .809 1.000 

Resting 3424.829b 5 684.966 9.084 .000 .619 .999 

Vigilance 514.366c 5 102.873 3.420 .015 .379 .841 

Autogrooming 62.301d 5 12.460 1.766 .152 .240 .520 

Feeding 217.941e 5 43.588 .925 .479 .142 .280 

Moving 1252.076f 5 250.415 10.887 .000 .660 1.000 

Risk_pred Social 158.153 1 158.153 7.796 .009 .218 .769 

  Resting 988.411 1 988.411 13.108 .001 .319 .937 
  Vigilance 285.227 1 285.227 9.482 .005 .253 .844 
  Autogrooming 9.847 1 9.847 1.396 .247 .047 .207 

  Feeding 77.576 1 77.576 1.647 .210 .056 .236 
  Moving 99.452 1 99.452 4.324 .047 .134 .519 

Food_availab Social 1534.453 1 1534.453 75.644 .000 .730 1.000 

  Resting 1166.241 1 1166.241 15.466 .001 .356 .967 
  Vigilance 184.537 1 184.537 6.135 .020 .180 .667 
  Autogrooming 48.645 1 48.645 6.896 .014 .198 .717 

  Feeding .147 1 .147 .003 .956 .000 .050 
  Moving 673.937 1 673.937 29.300 .000 .511 .999 
         Temperature Social 19.436 1 19.436 .958 .336 .033 .157 

  Resting 606.230 1 606.230 8.039 .008 .223 .781 
  Vigilance 42.918 1 42.918 1.427 .242 .048 .211 
  Autogrooming 2.036 1 2.036 .289 .595 .010 .081 

  Feeding 4.344 1 4.344 .092 .764 .003 .060 
  Moving 359.515 1 359.515 15.630 .000 .358 .968 
         
Tick load Social 471.848 1 471.848 23.261 .000 .454 .996 
  Resting 55.685 1 55.685 .738 .397 .026 .132 
  Vigilance .199 1 .199 .007 .936 .000 .051 
  Autogrooming .679 1 .679 .096 .759 .003 .060 

  Feeding 9.146 1 9.146 .194 .663 .007 .071 
  Moving 117.791 1 117.791 5.121 .032 .155 .589 

a. R Squared = .809 (Adjusted R Squared = .775) 

b. R Squared = .619 (Adjusted R Squared = .551) 

c. R Squared = .379 (Adjusted R Squared = .268) 

d. R Squared = .240 (Adjusted R Squared = .104) 

e. R Squared = .142 (Adjusted R Squared = -.011) 

f. R Squared = .660 (Adjusted R Squared = .600) 

71 
 



Table 5. Estimation of perceived predation risk on vegetation cover/risk estimation of vegetation 
cover for perceived predation risk 

 

  Value 

95% Confidence 
Interval 

Lower Upper 
Odds Ratio for habitat tree canopy and understory vegetation cover (very low / 
high) 

15.889 1.732 145.788 

For cohort Occurence of perceived predation risk = abcent 2.063 1.244 3.422 
For cohort Occurence of perceived predation risk = present .130 .019 .895 
N of Valid Cases 34     

*Note:- high vegetation cover is vegetation with dense ground cover taller than 1.5m grass and 

trees with its full canopy cover 

-low vegetation cover is vegetation with sparse ground cover or shorter than 1m or bare ground 

cover and trees shade their leaves of canopy cover 

  

The odd of absence of risk of predation for low vegetation cover is about 16 t imes that of high 

vegetation c over. I n ot her w ords, the l ikelihood of  hi gh r isk of  pe rceived pr edation f or hi gh 

vegetation c over i s hi gher a nd i s a bout 16 t imes hi gher t han l ow ve getation c over. T he 95 %  

confidence ( 1.732, 145. 788), interval d oesn’t include one, w hich m eans t here is significant 

association between vegetation cover and risk of perceived predation. The risk of predation was 

higher f or hi gh ve getation c over t o t he minimum by  a bout 73%  a nd t o t he maximum t he 

likelihood of the risk was about 145 fold (Table 9).  

 

5.2.4. Comparison of Activity Time Budget of the Wet Seasons of the Consecutive Years  

In addition to effects of seasonal changes on a ctivity t ime budget, patas monkeys a lso showed 

variation in activity patterns (Wilks’ λ = 0.56, F (6, 40) = 5.1, p = 0.001, η2 = 0.43) between two 

successive years at the same study site, study group and season. When differences in the activity 

time budget between successive years o f the same seasons (wet) is compared with d ifferences 
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between w et seaso n an d d ry seaso n w ithin the s ame year, t he d ifferences b etween su ccessive 

years o f the w et se asons w ere v ery w eak. T here w ere, h owever, o verall m arked d ifferences 

between t he seaso ns w ithin the year. Effect size of seasonal variation (partial η2 = .79)  on 

activity time budget is higher than effect size of annual changes between the same season, (η2 = 

0.43).  Significant effect of change of years in activity patterns was also limited only for feeding 

(F (1, 45) = 8.03, p = 0.007, partial η2 = 0.15). Test of differences across the years for the other 

activity patterns were not significant [moving F (1, 45) = 6.6, p = 0.013; social activity F (1, 45) 

= 0.62, p=  0.44; r esting F  ( 1, 45)  = 2.09, p=  0.16; vi gilance F  ( 1, 4 5) =  3.49, p = 0.068, a nd 

autogrooming F (1, 45) = 0.66, p =  0.422]. Effect size of annual variation in feeding t ime was 

also very weak, η2 = 0.15.  

 

The an alysis sh ows t hat f eeding r ate w as hi gher in 2012  when a nnual r ainfall a nd a ssociated 

flood plain herb fruits were relatively more available than in 2011. In the relatively lower annual 

rainfall ye ar ( 2011), the t ime s pent i n f eeding w as 12.82%  ± 1.22(x ± S.E), w hereas i n t he 

subsequent relatively h igher rainfall ye ar ( 2012), feeding t ime w as i ncreased by 5.43% . 

Conversely, i n 2011 time s pent i n moving w as hi gher t han i n 2012 (Figure 9). T ime s pent i n 

moving was reduced by 5.24% in 2012 as compared to the moving time in 2011. The correlation 

analysis result ( r =  -0.387, p=  0.007)  a lso shows inverse relation of  t ime spent in feeding and 

moving between the two wet seasons study years.  Possibly due to inverse relationship between 

feeding and moving across years, foraging time did not show variation across the two subsequent 

years both in t-test analysis (t = -0.05, df= 46, P= 0.96) and MANOVA (F (1, 46) = 0.003, P  = 

0.96). T he di fference i n t ime s pent f oraging b etween t he two ye ars w as onl y 0.1 2%. A ctivity 

time of  f eeding a nd m oving w ere not a lso c orrelated w ith a ny o ther activity time. T hus, the 
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limited year to year differences in activity time observed within the two components of foraging 

behavior and absence of relation with any other behavior activity t ime suggest that the year to 

year changes in activity budget might be due to the variation in the rainfall and associated food 

availability across years. This again implies t hat yearly d ifferences i n the activity t ime budget 

was r elated to feeding, which was d ictated by yearly differences in the rainfall and associated 

food availability.  

 

Figure 9. Activity time budget of 2011 and 2012 wet seasons 
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estimated average day range length of the wet season was 479 m (± 179.5 SD), whereas that of 

the dry season was 1,512.8 m (±466.18). In the wet season, the minimum and maximum range 

lengths were 235.34 and 801.24 m, respectively. The longest daily range length in the dry season 
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season was almost equivalent to the longest daily range length of the wet season. Comparison of 

daily range l ength be tween the two w et s easons of  c onsecutive ye ars ( 2011 a nd 2012)  a lso 

showed statistically s ignificant va riation ( t=3.97, df  =  33, p <  0.001) . T he mean da ily r ange 

length of the first year wet season was 1165.57 m (±690.25), and the second year wet season was 

479 m (± 179.5). The longest daily range length in the first year wet season was 2310.28 m.  

 

In contrast t o the daily r ange l ength, hom e r ange s ize of  pa tas di d not s how s tatistically 

significant variation between wet and d ry seasons ( z = -1.069, p =  0.285). I ndeed, s ize of  the 

seasonal home ranges had significant difference.  Home range size of the 2012 wet season was 

36.20 hectares ( ±15.52) w ith c ore area of  9.5 5 hectare, whereas h ome r ange si ze o f the dry 

season was 105.29 he ctares (±104.79) with core area of 28.96 hectare. Wet seasons of the two 

consecutive years also did not show statistically significant variation (z = 0, p=1). Home range 

size of the 2011 wet season was 90.21 hectares (±49.39) and its core area was 4.88 hectare. All 

these home range statistics were based on LSCV KDE home range estimator. But, when home 

ranges were estimated with 95% MCP, home range sizes were higher than KDE estimates. Home 

range size of 2013 dry season was 227.026 hectares; the 2012 wet season was 231.12 hectares 

and size of 2011 w et season home range was 485.08 hectares. On the other hand, in using grid 

cell m ethod, t he hom e r ange s izes were 133 he ctare, 57 he ctare a nd 104 he ctare i n 2011 w et 

season, 2012 wet season and 2013 dry season, respectively (Figure 10).  In the grid cell method, 

if 50% of grid utilization is considered as core area, the study group spent 50% of their 2013 dry 

season, 201 2 w et s eason a nd 2011 w et s eason ranging time i n 38 h ectare, 12 he ctare a nd 24  

hectare, respectively. 
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In the first year, the home range area was estimated only for its wet season. During dry season search 

of the study group in their wet season home range site and surrounding potential area failed to locate 

them. In the late dry season, the study group of patas monkeys was seasonally migrated far from their 

wet season home range.  In May the study group had moved elsewhere about 11km away from the 

previous wet season home range and during this period only a brief sighting was observed. But, 

annual home range s ize of  the patas group in the second year of  s tudy estimated by M CP was 

548.00 hectares.  

 

Analysis of  r ange u tilization d istribution r evealed t hat r ange us e w as more e venly di stributed 

during the dry season than during the wet seasons. The r ange u tilization d istribution evenness 

index value for the 2013 dry season was 0.96; and evenness value for 2012 and 2011 were 0.92 

and 0.93, respectively. As shown in Figure 10, during 2013 dry season the lowest quartile of grid 

utilization (0.58%) accounted for 63.5% (66 hectares), 1.16% grid utilization covers 22.1% (23 

hectares) and from 1.73% to 4.62% grid utilization cover (15 hectare) 14.5% of the total seasonal 

range use. I n contrast t o the dry season, t he 2012  wet seaso n g rid u tilization was more 

heterogeneous. The lowest quartile of grid utilization (0.51%) accounted only for 26.3% of the 

total hom e range us e; t he s econd, t hird a nd f ourth qua rtiles of  gr id ut ilization a ccounted for 

31.6%, 17.5% a nd 24.7% of  t he total home r ange, respectively. Grid u tilization pattern o f the 

2011 wet season was intermediate between the two home range use patterns. In this season, the 

lowest quartile grid utilization was 0.28%, which accounted for 42.9% of the total range use; the 

highest quartile of grid utilization covered 22.7% of the range use pattern.  
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Figure 10. Map of grid utilization in the seasonal range use pattern. Top Fig: 2011 wet season, 
middle Fig: 2012 wet season, bottom Fig: 2013 dry season.  
The overlap between home range areas of consecutive wet and dry seasons of a year was 134.75 

hectares. This home range overlap was over estimated when the overlap was estimated by MCP. 

But, as shown in Figure 11 the overlap of wet and dry seasons home range of patas using grid 

cell method was smaller. Patas used d ifferent water points i n wet and d ry seasons. In t he wet 

season, patas n ever ap proach t he Gelegu river f or searching water, i nstead t hey us ed f lood 

plains/wetlands as   w ater sources. However, when flood plains dried after the mid dry season 

starting from January, patas shifted their home range towards the Gelegu r iver and used either 

water pools left on rocky river bed in the case of adult males or cattle water troughs in Gelegu 

river in the case of the one male-multi-female group. As a result of change in water availability 

and desiccation of  the associated f lood plains food resources l ike I. aquatica, patas abandoned 

most of their wet season home range parts. Thus, in the dry season, patas monkeys shifted their 
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home range to areas near the river, which were not visited in the wet season. In the wet seasons 

of the two consecutive years, however, the degree of home range overlap was high (Figure 11). 

This significant home range overlap shows that patas revisited the area, which was abandoned in 

the previous dry season. Home range of  adult males was a lso overlapped with that o f the one 

male-multi f emale s tudy gr oup dur ing the wet s eason, but  t hey di d n ot s hare common ho me 

range during the dry season (Figure 12).  
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Figure 11. Map o f r ange u se p attern sh owing seaso nal and a nnual home range overlap a nd 
shifting  

 

Figure 12. Home range overlap map in the spatial utilization of adult male group and one male-
multi female group. 
 

80 
 



5.4. Conservation Threats and Landcover Change 

5.4.1. Conservation Threats 

The establishment of Alatish as National Park has been considered as a conservation initiative to 

protect d eclining t hreatened an d en dangered w ildlife a s w ell as  t he ecosystem. H owever, this 

field study (2011-2013) has recognized that biodiversity resources including wildlife of the Park, 

its p otential ve getation c over a nd e cosystem s ervices ha ve be en f acing c hallenges of  

sustainability. A mong the factors that t hreaten t he Park, adverse p ressures b eing ex erted b y 

activities o f livestock gr azing well a s w ild honey c ollectors (Plate 11) were the m ajor 

anthropogenic t hreats. The cattle-raising nomads usually encroach seasonal wetlands and r iver 

banks in Alatish, which are the potential water sources of wildlife and center of wildlife diversity 

during the dry season. In addition, fire induced by them is a severe problem in degrading habitat 

quality and tree coverage of the Park to the extent that burnt trees cannot be regenerated (Plate 

12).  
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Plate 11. Threats of Alatish by hone y collectors and nomadic pastoralists. Top left: destructive 

honey collection practice in tree holes by c utting of trees.  Top right: fire in the park to collect 

honey i n t ree hol es. Bottom: P astoralist n omads cattle g razing in t he Gelegu r iver ba nk when 

new grass shoots respout after fire near Alga site.  

 

 

Plate 12. Intense fire burn removes trees including roots. 
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In a ddition, i n t he two ye ars f ield s tudy hunt ed w arthog a nd A frican civet w ere obs erved. 

Besides, sounds of gunshot were detected near water sources around the Gelegu River. The study 

has r evealed t hat f ire remove vegetation c overs a nnually, and t he e ffect of  f ire o n ve getation 

covers were severe.  

 

5.4.2. Landcover Change 

In Alatish National Park there are six major landcover classes both in 1999 and 2013. T he land 

covers i nclude riv erine w oodland, Acacia woodland, de ciduous w oodland, ba mboo w oodland, 

wooded grassland, and seasonal flood plains/water body. As observed in Figure 13 and Tables 10 

and 11 , the l andcovers mentioned s how c hanges i n a rea c overage b etween 199 9 a nd 201 3. 

Deciduous woodland w as t he hi ghest l andcover ( 46.55%) i n 1999 , but  t his l andcover was 

reduced by 26.7% with a rate of 5231.4 hectare per year. The woodland cover in 2013 was only 

19.8% of t he Park.  As obs erved in Table 10 most of  t he de ciduous woodland l andcover was 

changed in to wooded grassland and Acacia woodland. Bamboo woodland is another landcover, 

which was reduced during this time. Bamboo woodland, which was 9.34% in coverage in 1999, 

was extremely shrunk to below 1% in 2013. M ost of the bamboo woodland was converted into 

wooded gr assland. H owever, w ooded gr assland, which was t he s econd hi ghest l andcover 

(35.4%) in 1999 was highly increased with a rate of 5689.98 hectare annually. In 2013 wooded 

grassland covered 64.5% of the total landcover. Acacia woodland also showed increasing trend 

with the rate of  1222.1  he ctare pe r ye ar; f rom 1999 t o 2013 Acacia woodland i ncreased by 

6.25%. Riverine woodland and seasonal flood plains/wetlands are generally small in their extent, 

and di d not  s how not iceable c hanges. E ven t hough, r iverine w oodland c over i s s mall i n t otal 

proportion, it seems to be increasing in coverage from 1999 to 2013.    
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 Table 6. Landcovers and change matrix between time periods of 1999 __ 2013 in Alatish 
National Park. 
                                                                                                                               1999 ha 
    Acacia 

woodland 
Water 
body/Flood 
plains 

Riverine
woodland 

Wooded 
grass- 
land 

Bamboo 
woodland 

Deciduous 
Woodland 

Class 
total 

  
  
  
2013 
ha 
  
  
  

Acacia 
woodland 

4291.8 111.12 131.99 12832.9 3497.84 18551.8 39417.4
5 

Water 
body/Flood 
plain 

10.58 210.72 357.39 6.52 0.89 94.91 681.01 

Riverine 
woodland 

24.83 5.73 124.48 1211.31 46.64 1435.98 2848.97 

Wooded 
grassland  

16011 141.84 9.46 71769.6 18215 70423.1 176570.
4 

Bamboo 
woodland 

2.38 0.26 0.06 12.87 3.78 13.72 33.07 

Deciduous 
Woodland 

1967.1 164.16 191.81 11077.5 3879.34 36920.5 54200.4 

Class total 22308 633.83 815.19 96910.7 25643.5 127440.01  

Class 
change 

18016.3 423.11 690.71 25141.1 25639.71 90519.51   

Image 
difference 

17109.4 47.18 2033.78 79659.7 -25610.4 -73239.61  
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Table 7. Proportion of  land covers of Alatish National Park dur ing 1999 and 2013 and annual 
rate of change. 
Land c over 
class 

Extent in1999 Extent in 2013   
Rate o f 

change(ha/year) 
  Area 

(ha) 
          % Area(ha)            % 

Acacia 
woodland 

22308.08 8.15 39417.45 14.40 1222.10 

Water 
body/Floodplain 

633.83 0.23 681.01 0.25 3.37 

Riverine 
woodland 

815.19 0.30 2848.97 1.04 145.27 

Wooded 
grassland 

96910.7 35.40 176570.4 64.50 5689.98 

Bamboo 
woodland 

25643.49 9.37 33.07 0.01 -1829.32 

Deciduous 
Woodland 

127440 46.55 54200.4 19.80 -5231.40 

Total 273751.3 100 273751.3 100   
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Figure 13. Land cover maps of 1999 and 2013 
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CHAPTER 6 DISCUSSIONS 

6.1. Feeding Behavior  

6.1.1. Overall Diet composition  

The present study revealed that diet of patas in Alatish is limited to few food species. The overall 

food species observed in the two wet seasons and one dry season was 17 species and 19 food 

items. Among these food species 16 were plant species while animal matter was represented by 

only one species. Out of their food species, only three species (A. seyal, C. hartmannianum and I. 

aquatic) covered 60.5% of the patas’ feeding time. Similarly, in the other East African site, Isbell 

(1998) show that diet of patas in Kenya Laikipia composed of fourteen plant species and eight 

animal sp ecies. P atas m onkeys at  L aikipia o btained the m ajority o f th eir f ood (8 3%) f rom A. 

drepanolobium trees (Isbell, 1998). However, in only one wet season study of patas in Cameroon 

Kala Ma loue o f w est Africa, (Nakagawa, 1989) poi nted out  t hat pa tas monkeys fed on 27 

species (32 items) of plant food and at least 12 species of animal food (11 insect spp., and 1 

bird s p. e ggs).  Another study i n C ameroon, i ndicated t hat pa tas e xploited a relatively w ider 

range of food items than the East African Patas (Nakagawa, 2003). This same author showed that 

the variety of patas’ diet include about 49 food items in Kala Maloue.  

 

When the number of food species of patas in Alatish (Ethiopia) is compared to patas in Kenya 

and C ameroon, t he nu mber of  f ood s pecies i n Alatish i s na rrow l ike diet of  pa tas s tudied i n 

Kenya. D ietary b readth of p atas in the two E ast A frican co untries is n arrower t han t he W est 

African pa tas’ di et. H owever, t he t otal num ber of  f ood s pecies o f t his s tudy might be  

underestimated as data w ere n ot co llected during t he heavy r ainy s eason. D uring the rainy 

season, crossing G elegu riv er was difficult to  reach at “A mjale” the study cam p si te. 
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Nevertheless, in the rainy season, patas are expected to feed on different herbaceous plant foods 

(Nakagawa, 1989).  

 

Compared to sympatric forest dwelling guenons and savanna baboons, patas monkeys generally 

have na rrow di etary ni che br eadth (Post, 1982;  Isbell, 1998 ; N akagawa, 2000, 200 3; S wedell, 

2008, Schreier 2010;  Johnson et al., 2012) . The general na ture of  low dietary breadth of  patas 

monkeys r elative t o o ther sav anna p rimates can  b e at tributed t o d ifferences i n t heir h abitat 

preference. Previous studies pointed out the sympatric tantalus (Chlorocebus tantalus) monkeys 

preferred woodland, especially gallery forest, whereas patas preferentially established their home 

range in grassland and/or woodland (Nakagawa, 1999; Enstam and Isbell 2002; Enstam, 2007). 

The highly preferred habitats of patas monkeys are low in habitat productivity, highly seasonal 

and prone to extremely poor productivity during the dry season.  

 

It i s know n t hat ga llery f orest a nd ope n w oodland or  s avanna ha bitats have d ifferences in 

vegetation composition a nd s tructure. D ifferences i n the f loristic c omposition and s pecies 

richness of these two habitat types could likely influence food supply of the habitats (Chapman, 

1985; Chapman et al., 1999) . Chapman et al. ( 1999) s tated that if  one habitat had h igher tr ee 

species richness than another habitat, the primates in the richer habitat would likely have more 

foraging options. In this condition, primates would less likely experience periods of food scarcity 

than t he a nimals a t t he m ore de graded ha bitat, as there would be  m ore t ypes of a lternative 

resources to depend on. Thus, relative to patas, primates such as tantalus monkeys and baboons 

in a  forest with higher food-species r ichness would l ikely have more food opt ions and be less 

likely t o ex perience p eriods o f f ood scar city t han p atas m onkeys at  a  more seaso nal sav anna 
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habitat. A lternatively, differences i n di etary di versity m ay a lso be  e xplained by s easonal 

variations in plant productivity of these primates’ habitat.  

 

Selectivity of high quality food can also be a possible explanation for primates to possess either 

wide or narrow dietary breadth. But, the high degree of dietary species overlap between tantalus 

monkeys and patas monkeys in Cameroon revealed that diet breadth differences between the two 

monkeys cannot be  explained by f ood selectivity (Nakagawa, 2003) . Lack of  di fference in the 

available energy of plant foods between patas and tantalus monkeys and high dietary diversity of 

tantalus relative to  p atas (N akagawa, 2003)  a lso s trengthened e ffects o f ha bitat type on their 

dietary diversity. 

 
6.1.2. Comparison in Diet composition of Patas in Alatish with East African and West 

African Patas  

The diets of patas monkeys include food items from different plant parts and species (Tables 1 

and 2). Within their annual diet, 98.7% of food sources were plant species. The top three food 

sources w ere o btained from w oody p lant sp ecies Acacia seyal (27.99%), he rbaceous pl ant 

Ipomia aquatica (17.92%) and underground plant parts (tubers/corms) (14.78%) in their rank of 

contribution to the patas annual diet. Annual food items of patas in Alatish revealed herbaceous 

plants constituted the highest proportion (54.72%) of patas diet than woody plants (44.03%). 

 

In t erms of  food t ypes, gum ( 39%), f ruits and f lower buds  (32.7%), and c orm/ t uber ( 14.8%) 

were t he t hree m ajor f ood t ypes t hat c over 86.5%  of  t heir f ood c omposition. The high 

proportions of  he rbaceous pl ant (fruits/flower bud a nd c orm/tuber) foods i n A latish m akes 

feeding behavior of this population distinct from patas studied at Laikipia in Kenya. In addition 
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to herb fruits, patas consumed fruits of B. aegyptiaca and L. fruticosa woody plants. Besides this 

high fruit diet, patas also supplement their food with crop seed (8.18%). Thus, when proportion 

of fruits and seeds are added, fruit and seed food items accounted for 41.51% of their annual diet. 

However, t he hi ghest contribution of  he rbaceous pl ants in t he d iet o f L aikipia p atas w as 

Commelina spp. (fruit/seed), which was 3.3% and total non-Acacia plant flower, fruit and seeds, 

accounted for not more than 5% of their diet (Isbell, 1998).  According to Isbell (1998), the diet 

of patas monkeys in Laikipia consisted primarily of gum of A. drepanolobium, arthropods (both 

free-living and concentrated in the swollen thorns of  A. drepanolobium), and other animals. In 

Laikipia gum and swollen food items contributed for 37% and 36% of the diet of patas (Isbell, 

1998). B ased on the observations o f an ts an d other an imals i nside t he sw ollen thorn, I sbell 

(1998) and Isbell et  al . (2013) s uggested t hat pa tas i ngested more a nimals in th eir d iet. H igh 

proportion of  fruit di et i n A latish a nd K ala M aloue c ompared t o L akipia s upports t he 

biogeograhic variation of diet reported in C. mitis (Coleman and Hill, 2014). Similar to C. mitis, 

biogeographic d ietary p attern, p roportion o f f ruit in  d iet of P atas in creased in  areas w here 

seasonality in cl imate i ncreased. I n rainfall d istribution, L aikipia is l ess seaso nal compared t o 

Alatish and Kala Maloue. Thus, va riation in f ruit di et proportion among these pa tas s ites may 

reflect the availability of animal matter in the environment. 

 

Patas in Alatish share food plants and plant parts with the West African patas in Cameroon, Kala 

Maloue ( Nakagawa, 1989 , 2003). B ased on the food lists of patas monkeys i n Kala Maloue 

(Nakagawa, 1989, 2000b, 2003) and Lakipia Kenya (Isbell,1998),  the diet of patas monkey 

in A latish m ore r esemble the Wes t African p atas t han p atas i n K enya. T hese t wo 

populations s hare foo d p lant s ources l ike Ipom oea, c ommelina, Acacia seyal, Balanitus 
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aegyptica, sorghum, cucurbitacea and Z iziphus. H igh pr oportion of  frui t, fl ower and non-

Acacia s eeds s trengthen t he similarity in  their feeding behavior (N akagawa, 1989, 2003).  

Even though gum as a food accounted for a larger proportion of diet in Alatish and Lakipia than 

Kala Maloue, the gum diet of patas in Alatish was foraged from A. seyal, A. polycantha and C. 

hartmannianum, whereas Laikipia patas foraged  gum fromA. drepanolobium. As pointed out in 

Isbell (1998), A. drepanolobium occurs in Laikipia as a virtual monoculture that covers over 98% 

of all woody species in the area. The similarity of plant diets between patas in Alatish and Kala 

Maloue as well as  t heir d ifferences w ith L aikipia were suggested t o be  due t o their available 

foods in the habitat. As described in introduction pa rt of this thesis, vegetation and c limate o f 

Alatish are closer to that of Kala Maloue than Laikipia. Thus, their feeding ecology determines 

their similarity in feeding of plant food items or species.  

 

However, i nsect an d o ther an imal m atter d iet o f p atas m onkeys i n K ala Mal oue (Nakagawa, 

1989 and 2003) and Laikipia (Isbell, 1998 and 2013) were higher, whereas the animal matter diet 

of p atas i n A latish was very l ow i n terms o f th e proportion of feeding t ime an d sp ecies 

composition. In  their a nimal d iet component, p atas in A latish d iffer from th e e ast a nd W est 

African p atas. T hus, d ifferences i n dietary c omponents a nd di etary br eadth a mong t hese 

biogeographic populations reflect the availability of different food types across their geographic 

distribution. This study confirms observations of variations in the foraging behavior and dietary 

composition of patas monkeys across their geographic ranges. 
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6.1.3. Seasonality in the Feeding Behavior 

 
Seasonal ch ange h as si gnificant ef fect o n f eeding b ehavior o f p atas i n the consumption o f 

different food items during different seasons (Table 2). In their wet season diet, composition of 

gum, fruit and crop seeds were the first, second and third highly utilized food types, respectively. 

When t he pr oportion of f ruits/flower buds  a nd s eeds were added t ogether, the di etary 

contribution was 50.2% of the patas total feeding time and this is greater than the proportion of 

gum f ood i tem ( 44.8%). T he f ruit f ood i tems w ere f oraged i n w ild plants s uch a s Ipomia 

aquatica, Cucumis ficifolius, Balanites aegyptiaca, Lannea fruticosa, and Zizipus sp. These fruit 

food i tems were s upplemented by crop r aiding on Gossypium sp. (c otton) f lower buds  a nd 

Sorghum sp seeds. P atas a lso f ed gu m food i n A. seyal, Combretum hartmannianum and 

A.polycantha plant species. These fruit and gum food providing plant species are listed in their 

top-down diet contribution.  

 

Patas monkeys were feeding moreplant reproductive parts of plants (fruit, flower bud and seed), 

during the wet season, which these food items were absent in their dry season diet. In addition to 

switching off from fruit, f lower bud  and seed diets during the time of food scarce dry season, 

time spent feeding on gum was also reduced. Out of  the total gum feeding record, 92.8% was 

observed during the wet season, but  in the dry season, gum feeding was l imited to 7.3% only. 

Significant reduction of gum feeding in response to high temperature (De la Fuente et al., 2014) 

supports s easonal gum  feeding of  pa tas i n t he present study. I n c ase of gu m f ood, s easonal 

changes were both in its amount of total food contribution and species composition. Among the 

three gum providing plant species in the wet season, A. polycantha was not included as a source 

of gum in patas diet during the dry season. Dry season switching of plant reproductive part food 
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items and reduction of gum feeding were complemented by high proportion of ground corms or 

tuber. Ground corms accounted for 79.7% of patas monkeys’ dry season food items.  

 

Observation of high corm food item consumption in Alatish patas supports the view that feeding 

behavior of a taxon may differ in different biogeographic areas (Hemingway and Bynum, 2005; 

Coleman a nd H ill, 2014) . H emingway a nd B ynum ( 2005) noted t hat primates i nhabiting t he 

margins o f th eir r anges particularly in la titudinal o r e levational e xtremes c onsume ‘‘u nusual’’ 

food i tems. Underground c orm f eeding i s not  c ommonly re ported in the feeding be havior of  

patas, but  p atas i n A latish, t heir no rth e ast e xtreme bi ogeographic range, use co rm as cr itical 

food resource for their survival during food scarce season.  

 

Thus, t he hi ghly s easonal f eeding be havior a nd obs ervation of  s ignificant pr oportion of  c orm 

foods make patas in Alatish distinct from patas in East and West Africa. In Kenya Laikipia, patas 

monkeys di d not  s how s easonality i n t heir f eeding be havior. A ccording t o I sbell ( 1998) a nd 

Isbell a nd Young ( 2007) ants a nd gum  pr ovide patas m onkeys a  c onsistent supply of  f ood 

throughout the year. As a result of these abundant and reliable resources, patas monkeys did not 

show major s easonal f luctuations i n t heir f eeding be havior ( .  R ather, hi gh s easonal f eeding 

behavior and dry season corm feeding of patas in Alatish made them share behavioral features 

with savanna baboons. Different feeding behavior studies show that baboons are highly seasonal 

in their feeding behavior and they usually depend on s ubterranean i tems like corms dur ing the 

food scarce dry season (Post 1982; Hill and Dunbar, 2002; Alberts et al., 2005).  
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The overall dietary switching analysis shows that the dietary overlap between wet season and dry 

season was only 15.5%. This means seasonal change generates a change of 84.5 % of in patas 

food c omposition. S easonal va riation or  switching of  f ood i tems a nd t ypes is a behavioral 

response in relation to the resource availability relative to searching time and the amount of food 

available, w hich in  turn is  a vailable to  th e energy expense a nd ga ined da ily in t he f oraging 

activities. As de scribed i n t he c limate a nd p henology of  t his s tudy, A latish i s an extremely 

seasonal environment with short plant flushing and fruiting peaks interval. So, food resources are 

seasonally s ynchronized in th eir a vailability. In the wet s eason, th e a vailability o f d ifferent 

herbaceous and woody plant food items (fruits, flowers, buds, seeds and gums) were higher than 

availability of pot ential f ood i tems i n the dry s eason.  During the dry seaso n, all herbaceous 

plants were desiccated and cease to provide food source. Even woody plants were limited in their 

productivity. None of  the riverine woody plants shed their l eaves and only their st ems r emain 

dormant u ntil t he n ext r ainy sea son. B esides d esiccation, the a bove gr ound he rbaceous pl ants 

were removed by f ire. But, the bare land created more opportunity for ground foraging patas to 

feed on exposed subterranean foods like roots, tubers and corms. Thus, corms of different forms 

were the only alternative food resources, which contributed to the highest proportion of the patas 

monkeys’ diet dur ing the peak resource scarce dry season. The reduction in dietary breadth of  

patas during the dry season is also attributed to lower food species availability in the habitat.  

 

Hemingway a nd B ynum ( 2005) have made it clear th at resource av ailability an d p reference 

determine d ietary s witching in  p rimates. In  t his th eoretical f rame w ork, the r esources t hat 

primates switch to should be available while preferred resources are abandoned.  T hese authors 

also pointed that overall diet variability or switching decreases as dietary breadth increases. This 

implies th at in corporating many s pecies in to t he d iet o n a  re gular b asis a ppears to  mitigate 
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dramatic and frequent changes among food types. The pattern of  dietary switching and dietary 

breadth of patas monkeys in this study support such view. High seasonal dietary switching and 

narrow d ietary b readth in  p atas a re c onsistent w ith e xpectations in their h ighly s easonal 

environments with limited food species and synchronized plant phenology. Patas monkeys have 

no opt ion to increase their diet breadth dur ing the dry season. The diet-breadth model predicts 

that if a highly valuable item becomes too scarce to be exploited profitably and alternative items 

are available w ith m uch l ower r atios of  ne t e nergy va lue t o acquisition t ime, t hen di etary 

diversity is expected to increase when higher-ranked foods are scarce (Hemingway and Bynum, 

2005). Some highly fruit specialized primates such as Chimpanzees (Wrangham et al., 1998) and 

Gibbons (Kim et al., 2012) consume only preferred high quality fruit foods in the fruit abundant 

season. This leads them to have low dietary breadth in the fruit available season, whereas during 

periods of  f ood scarcity t hese p rimates co nsume d ifferent f ood t ypes t o o btain su fficient 

nutrients. I n t his case , these p rimates i ncrease their d ietary b readth as behavioral r esponse t o 

food scarcity. Nevertheless, selectivity of food items does not seem to have significant effect on 

Patas feeding behavior.  

 

Actually d ifferent n utritional s tudies o f p rimates (A ltmann et al., 1987;  N akagawa, 2000 a nd 

2003; Johnson et al., 2012; Isbell et al., 2013; Irwin et al., 2014), show that average water and 

macronutrient contents of  foods va ried c onsiderably a mong f ood t ypes. Within the food t ypes 

included in patas diet, f lowers or  f lower buds are r ich in water and carbohydrates (Altmann et 

al., 1987); fruits of Cucumis contain nonstructural carbohydrate and protein, which provide more 

energy (Johnson et al., 2012). In reproductive plant part foods, patas get a significant amount of 

non-structural c arbohydrate, m oderate pr otein and s mall amount of  fat co ntents. N akagawa 
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(1999) found that A. seyal gum contains protein nearly equal to that of Ipomia seeds and higher 

than that of Zizipus fruit. 

 

The ot her p atas f ood, g ums a re c omplex c arbohydrates and pr imarily a  s ource of e nergy a nd 

minerals ( Power, 2010) . F or e xample, nut rition a nalysis of  A. drepanolobium gum s hows 

digestible fiber (71–76% of dry weight) and total nonstructural carbohydrate (TNC) (15–19%), 

which a re the t wo m ajor nu trient c omponent of  t he g um ( Isbell et al., 201 3).  Acacia 

depanolobium gum i s co nsidered a s a good s ource of  gr oss a nd metabolizable e nergy a nd 

mineral of the diet of patas in Kenya (Isbell, 1998; Isbell et al., 2013). Nevertheless, compared to 

A. drepanolobium gum,  A. seyal gum, which is major food of patas in Alatish has some better 

nutrient content such as ash content and hydrolyzed sugar contents (Methylglucuronic acid and 

rhamnose) as well as equal galactose contents (Anderson, 1978). Acacia seyal and A. polycantha 

gums are also important sources of minerals (Na, Ca, K, Mg, Fe, Zn) (Mhinzi, 2003; Ali et al., 

2012). Mhinzi (2003) showed that A. seyal gum meets the maximum limit of total ash content 

required f or a food s tandard. In a ddition, A. seyal and A. polycantha gums c ontain f lavonoid 

substances (Seigler, 2003).  Nash and Whiten (1989) suggested that flavonoid substances have 

nutritional or hormone like function. As Nash and Whiten (1989) reviewed, flavonoids are given 

the s tatus of  vi tamins and found to be  indispensable growth factors in some species of  insects 

and promoters of growth in mammals. Despite all these nutritional substances, like other Acacia 

species, the bark of A. seyal (13.3%) and A. polyacantha (9.3%) contain relatively high tannin 

substance ( Seigler, 20 03). M hinzi ( 2003) indicates t hat tannin content of  A. seyal and A. 

polyacantha gums a re h igher than A. Senegal.  Moreover, gums of  these Acacia species have 
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lower moisture content than fruits and flower/buds (Altmann et al., 1987). Moisture content of A. 

seyal and A. polyacantha were 10.4% and 9.4-11.6%, respectively (Seigler, 2003).     

 

The moisture content of gums varies with age and climate. In the dry season field study, it was 

observed that old gum was harder and drier. As the function of gum to plants is sealing wound 

sites, gum usually hardens fairly rapidly. As more time elapses after the gums are produced on 

the tree, the tannin content of gums is also supposed to increase (Mihinzi, 2003). Thus, age of 

gums are assumed to induce different digestive challenges and in turn affect foraging selectivity. 

During the dry season, low moisture content of gum diets may pose problems of water balance 

for patas monkeys. In the patas’ habitat, natural water sources are normally rare during the dry 

season. They usually get water access in cat tle water holes after cattle drink and cat tle herders 

have left the site. In the water stress season, water absorption by the non-digestible portion of the 

gum could cause dehydration. Thus, dehydrating effect resulted from low moisture contents and 

tannin of  g ums may be  t he r eason f or r eduction of  gu m c onsumption dur ing the dr y s eason. 

Alternatively, seasonal reduction of gum consumption may be explained by the indirect effect of 

season on gu m production.  P atas monkeys do  not  have morphological adaptation to s timulate 

gum production and they may depend on gu m produced by insect damage. Thus, the effect of 

season on the activity of insects may indirectly affect the consumption of gum in patas diet.  

Underground s torage or gan (tubers) food i tems e aten dur ing pe riods of  food scarcity ar e al so 

high in their protein content (Altmann et al., 1987). Post (1982) suggested that the amount o f 

stored m aterials and the nutritive v alue of  c orms i ncrease dur ing the dry s eason. Most of  t he 

subterranean i tems ar e t ubers an d sheath c overed dried co rms. Their storage o rgan sizes ar e 

larger t han grass c orms, but t hey ar e not available l ike g rass co rms. Thus, except t heir scar ce 
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availability, their n utritional co ntent h elps p atas m onkeys as cr itical resource t o su rvive on 

overall resource limited dry season.  

 

6.1.4. Annual Variation in Diet Composition  

In a ddition to  v ariation in  the seasonal di et composition, pa tas a lso s how va riation i n the 

proportion o f f ood t ypes be tween t he s ame w et s easons of  t wo c onsecutive ye ars. E specially, 

gum c ontributed more in the 2011 w et season t han in t he 2012 w et s eason.  By c ontrast, t he 

proportion of fruits was the reverse of gum consumption. More fruit feeding time was recorded 

in the 2012 wet season than in the 2011 wet season. This diet contribution tradeoff between gum 

and f ruit is  explained b y ra infall v ariations between t he t wo co nsecutive y ears an d asso ciated 

abundance of the aquatic plant, Ipomia aquatica. As stated in the diet composition of  pa tas in 

this study area, I. aquatica fruit is the the second most important food plant species. In 2012, the 

amount of rainfall was greater than in 2011 and water covered flood plains before grass grew in 

2012. As a  result, large f lood pl ains were covered w ith I. aquatica in 2012. In 2011 as water 

contents of flood plains were low, flood plains were covered with tall grass, and I. aquatica were 

limited in availability in the home range of patas monkeys.  

 

The pr oportion of  f eeding t ime s pent on f ruits i s a  pos itive f unction of  r ainfall, a  f act t hat 

probably reflects the way in which herb cover responds to rainfall. As herb cover is a  positive 

function of  rainfall, the increased proportion of  f ruits and seeds in the d iet must be  due to the 

increased a vailability o f t hese f ood i tems as h erb co ver increases. T he p ositive relationship 

between the proportions of feeding time spent on f ruit and the phenology of food plant species 

further su ggests t hat f ruits an d s eeds ar e b eing sel ected p referentially w hen t hey b ecome 
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available. The proportion of herbaceous ground covers which contain a significant proportion of 

fruits and seeds declines in the low-productive months. Thus, both seasonal and annual variation 

in the diet composition suggest that the influence of climate on feeding behavior of patas can be 

explained b y c onsidering r esponses of  pl ant f ood s pecies to the phono logical ch anges i n t he 

habitat.   

 

6.2. Activity Time Budget 

The findings confirm that season has effect on behavior of patas monkeys and patas are able to 

adjust their behavior such as activity patterns, feeding behavior and ranging pattern to cope with 

high t emperature, f ood and w ater scarcity du ring t he dr y season.  P atas m onkeys a re h ighly 

flexible in their a ctivity pa tterns and c apable of  a daptively r esponding t o seasonal ha bitat 

variations. The na ture of s easonal va riability in e nvironmental f actors l ike f ood a vailability, 

ambient temperature, ectoparasite, and predation risk are major factors for the observed seasonal 

variability in the proportion of time spent in different activity categories.    

 

6.2.1. Feeding and Moving 

Patas monkeys show seasonal variation in the proportion of moving time in response to seasonal 

change i n f ood a vailability a nd di stribution, but  t his s easonal c hange di d not  s how significant 

effect on f eeding time. The proportion of moving time increased during food scarce dry season 

compared to t he wet season; however, the time spent f eeding did no t show s ignificant change 

between seasons. Previous studies on primates also demonstrated that d ifferences in resource 

distribution or abundance can influence time s pent i n moving (Isbell a nd Y oung, 1993 ; 

Doran, 1997 ; Isbell et al., 1998 b). I sbell et al. ( 1998b) s howed that patas monkey f eeding on  
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smaller food patch size with short food site depletion time have greater moves per unit time than 

vervet monkeys feeding on dense and large food patch size with long food site depletion time. 

 

In the dry season of  this s tudy, the overall food availability was scarce and during this period, 

there was a decrease in the diet breadth of patas monkeys. In food scarce dry season, most food 

sources of wet season were unavailable and about 79 % of their feeding time was spent feeding 

on corms. In contrast to baboons which increase the proportion of time spent feeding on corms, 

patas did not show s ignificant change in their feeding t ime be tween wet and dry seasons. The 

increase in baboons’ feeding time during a period of lower food availability has been explained 

as t he increased time r equired t o harvest a  g iven vol ume of  f ood w hen unde rground c orms 

constitute a high proportion of their diet (Post, 1981). Isbell and Young (1993) also supported the 

trend of  i ncreasing in f eeding t ime w hen pr imates de pend on f ood i tems t hat ne ed gr eater 

handling t ime. But, in patas this was not  observed perhaps the habitat they forage corms i s of 

vertisoil w hich i s s elf pl oughed a nd most c orms w ere f ound e xposed f or e asy pi cking w hile 

foraging.  

 
 
 
However, s canty di stribution of  f ood i tems l ike c orms dur ing the dry s eason a ffected moving 

time. In the wet season, fruits like I. aquatica were available in large patches with high density. 

Even w ithin a  tre e, patas can  sp ent a long f eeding t ime i n many gum  f eeding s ites. U nlike 

available clumped fruits and gums that contributed as major food during the late wet season, in 

the dry season corms were scarce and scattered in their distribution throughout the habitat. As the 

nature of  di stribution and a vailability of  f ood r esources d etermine t he d istance p atas h ave t o 

move be tween feeding s ites, p roportion of  t ime spent moving i s a  consequence of  the need to 
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change between feeding sites. While feeding on l arge patch size and clumped foods during the 

late w et season, patas spent l ong f eeding bout s in a  s ingle f eeding s ite a nd w as not  f orced t o 

move f requently b etween f eeding sites. N evertheless, in the dry s eason, due t o scattered 

distribution and limited availability of corms, searching for corms and distances between feeding 

sites need more moving time. Thus, the proportion of time spent moving was high during the dry 

season with the need of relatively high food searching time. This agrees with the prediction that 

assumes animals allocate more time to foraging when resources are scarse until they meet their 

daily energy requirement (Robinson, 1986; Defler, 1995; Isbell et al., 1998). The finding of this 

study again agrees with those of  the earlier studies that have showed increase in moving t ime 

during the resource scarce dry season (Isbell et al., 1998b). A reduction in the ground cover may 

also contribute for the increases in moving time.  

 

In c ontrast t o t he ab ove assu mption, an other p rediction assu mes b ecause t raveling i s an  

energetically c ostly a ctivity, t he r eduction of  time s pent i n m oving i s e xpected a s a n e nergy 

saving strategy to cope up with the resource limitations in food scarce condition (Doran, 1997; 

Chaves et al., 2011). Particularly during the dry season, when foraging is constrained by limited 

availability of f ood r esources, the e nergetic costs of  m oving f or f oraging are e xpected to 

outweigh the b enefits o f f ood eat en. N evertheless, as d emonstrated by Mahoney ( 1980), t he 

travel cost of patas is lower than for mammals of similar weight.  Thus, the metabolic adaptation 

of patas that enable them to conserve energy imply that in patas the energy demands of moving 

for foraging might not constrain the proportion of moving time.  
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During the effect of t hermal stress, patas were expected to minimize their movement time 

during hot  dry s eason (Mahoney, 1980 ; Korstjens et al., 2010 ). Moving i s assumed t o 

exacerbate heat stress in the hot season. Earlier studies (Stelzner, 1988; Hill, 2006; Campos 

and F edigan, 2009 ; Korstjens et al., 2010 ) had shown that a t hi gher t emperature, the 

proportion of t ime s pent t raveling de creased. Actually p atas min imize th eir a ctivity, 

particularly m ovement, i n t he hot test t ime of t he da y. In c ontrast t o t his da ily a ctivity 

pattern and earlier studies, pa tas spent more t ime moving during the hot dry s eason t han 

during t he wet s eason in  th eir s easonal a ctivity p attern. This i mplies t hat t he ef fect o f 

temperature o n s easonal v ariability in  moving time is  p rimarily a n in direct impact th at a rises 

from the effect of weather on food availability rather than a direct effect of temperature on travel 

activity (Bronikowski and Altmann, 1996). During the hot dry season, understory or herbaceous 

cover of  t he ha bitat i s obs erved t o be  low i n de nsity or bare a nd a ll he rb f ood items w ere 

completely absent. In a semiarid tropical habitat lik e Alatish, non-woody vegetation often 

dies during the dry season due to a combination of lack of water and high radiation loads. 

Even t he woody p lants f aced w ater an d h eat st ress an d shed t heir l eaves. The relationship 

between sea sonal t emperature an d h erbaceous p lant f ood r esources can be interpreted as t he 

drier season, with less or no herbaceous food resources is available. Thus, effect of temperature 

on seasonal moving time reported in this study might be due to its indirect effect that dessicated 

food resources and scarcity of food resources caused patas to move more time in search of food 

during the hottest months compared to resource  rich heat stress free wet season months.   

 
6.2.2. Resting 

Seasonal changes affected resting time and the patterns of change in activity time show that time 

spent r esting w as gr eater dur ing the dry s eason t han during t he wet s eason. I n c ontrast t o t he 
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assumption of resting time in activity time budget (Dunbar, 1988; Dunbar, 1992; Alberts et al., 

2005), seasonal variation in resting time is not determined by the need of feeding time. The study 

found hi gher t emperature dur ing the dr y s eason c ontributed t o t he ob served hi gh resting time 

because monkeys extend their midday resting time to reduce heat load avoiding solar radiation. 

In A latish the mean monthly m aximum t emperature was generally h igher i n t he dr y s eason 

months than in the wet season. According to Ivlev et al. (2011), the average air temperature of 

Alatish during late dry season (March and April) was 35°C with a peak of 47°C at daytime in the 

shade. The temperature also exceeded 38°C for more than 9 hours a day. The thermoneutral zone 

of patas ranges f rom 18°C up t o about 40°C and a t ambient t emperature above 38-40°C patas 

face a dditional he at s tress f rom t he e nvironment i n a ddition t o that generated metabolically 

(Mahoney, 1980 ). Th is s hows that p atas i n A latish ex perienced t hermal st ress at th e highest 

temperature of 47°C . This necessitates f or for co mplete inactivity w hen sh ade t emperatures 

impose significant thermal constraints. Thus, extending of resting time during the dry season is a 

behavioral adaptation to cope with the dry season thermal stress.   

 

In p rimates l ike pa tas monkeys t hat i nhabit ope n ha bitats, solar r adiation i ntensity a nd hi gh 

ambient temperature contribute to heat load. As a result, high thermal stress is expected during 

the hot dry season. However, substantial vegetation covers in forests likely to reduce the impact 

of solar radiation. During the dry season in the hot test hours of  the day from 11:00 to 16:00h, 

patas spent time resting in the shade of B. eagyptica trees, mostly near riverine habitat with water 

holes to avoid heat s tress. L ong midday r esting pe riods in p atas are also r eported i n earlier 

studies (Hall, 1965; Nakagawa, 1989). Struhasker and Gartlan (1970) also noted that patas spent 

long periods of time near water holes  (Struhasker and Gartlan, 1970). The findings of different 
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studies support that the time spent resting is more determined  by the high temperature (Stelzner, 

1988; Bronikowski and Altmann, 1996; Hill, 2006; Campos and Fedigan, 2009; Dunbar et al., 

2009; Korstjens et al., 2010; Chaves et al., 2011; De la Fuente et al., 2014). All these studies 

pointed out that when ambient temperatures rise significantly above the species’ thermoneutral 

zone, an  an imal may be forced to take shelter or at  l east reduce heat-generating activities l ike 

feeding a nd t ravelling, and e ven s ocial interaction i n or der t o a void thermal ove rload. T hese 

revealed that primates adjust their behavior in response to high temperature like prolonging their 

resting time and reducing other activities that aggravate heat stress.   

 

There are ev idences that p atas c an ad apt to heat s tress t hrough phys iological r esponses 

(Mahoney, 1980; Gisolfi et al., 1982; Kolka and Elizondo, 1983). In patas monkeys, the overall 

heat l oad above their body t emperature c an be l ost by evaporation, pa rticularly s weating 

(Mahoney, 1980 ; Gisolfi et al., 1 982; Kolka a nd E lizondo, 1983 ). Sweating rate o r to tal 

evaporative water loss of patas is closer to the sweating rate of  humans. This evaporative heat 

loss in the tissues of patas could provide additional cooling effect during the hottest time of the 

day. H owever, l ower r elative humidity a nd hi gh t emperature of  A latish dur ing the dry s eason 

might lead patas to lose more water. In Alatish, water is also scarce in the dry season and this can 

cause p atas t o f ace another w ater st ress ch allenge. Different o bservational s tudies o f p atas 

confirm that water is scarce in their habitat, and seeking shelter and resting are the most effective 

behavioral solution a mong a daptations t hat e nable pa tas t o avoid hi gh heat load (Hall, 1965 ; 

(Nakagawa, 198 9); I sbell et al., 2 013). Thus, a long r esting t ime during the dry season i s 

enforced behavioral response to avoid overheat load and conserve evaporative water lose. This 

implies resting time during the dry season is not a free time to be allocated to other more useful 
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activities. R esting time i n pa tas i s biologically i mportant by i tself. T his s uggests that p atas 

monkey r elied on be havioral a djustments a nd scheduling of t heir a ctivity p attern t o m aintain 

body temperature in dry and hot environment.     

 

The e ffect of  f ood a vailability on resting t ime m ight be  e xplained by  the indirect e ffect o f 

temperature on ve getation c over, which i nfluences f ood a vailability. A s s hown i n the feeding 

behavior o f t his st udy, seaso nal cl imatic ch ange ne gatively a ffects f ood a vailability of  pa tas. 

During hottest and dry season, patas faced food scarcity. In a food scarce condition, patas may 

not be able to sacrifice energy requirements for non-sedentary activities.  Thus, the effect of food 

availability on re sting time c an b e a  m etabolic re sponse to  save e nergy b y minimizing 

ecologically less important activities in the dry season. The negative correlation between resting 

and so cial a ctivities ( grooming, p laying) as w ell as f eeding al so su pport r esting a s an energy 

conservation mechanism.  

 

The activity time budget tradeoff between resting and vigilance implies that reduction in the time 

spent for vigilance also contributed for increasing in resting time in the dry season. Resting can 

be p rimarily ta ken i n l ow pr edation r isk ha bitat c onditions. A s de scribed i n vi gilance r isk of  

predation, i t i s l ow dur ing the dry s eason w hen r esting time i s hi gh. R emoval of gr ound 

vegetation c over by f ire i n most pa rts of  t heir home r ange, a nd l ow p robability o f pr edator 

encounter during the dry season supports the assumption of low predation risk in the dry season. 

The findings of this study revealed that resting time is subjected to environmental constraints, 

and i t is time that can be drawn from ot her bi ologically less essential act ivity time in th e 

season.   
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6.2.3. Social behavior 

Like other activities discussed, social behavior is not a random activity. Activity time spent in 

social be havior s hows significant seasonal difference.  S ocial behavior activity time was h igh 

during the wet seaso n, w hereas i t was highly reduced i n the dry s eason.  A s t he a nalysis 

revealed, so cial time i s st rongly affected b y s easonal ch anges co mpared t o o ther act ivities. 

Corresponding t o w et versus dry season c hange, s ocial t ime was r educed by  11% . T his 

significant seaso nal ch ange i n so cial t ime i s influenced by eco logical f actors mainly f ood 

availability and ectoparasite/tick infestation.   

 

Among s trategies th at establish, maintain a nd re inforce s ocial interaction be tween gr oup 

members, a llogrooming i s t he m ajor be havioral a ctivity. Reduction i n s ocial t ime o f pa tas 

monkeys dur ing the dry sea son happened b ecause t he rate o f al lo-grooming w as hi ghly 

minimized and pl aying w as not  obs erved a mong gr oup members.  I n the wet se ason, ground 

cover was high. This dense ground cover and wet environmental conditions favor the outbreak of 

tick load in the habitat. As a r esult, patas faced high ectoparasite/tick infestation in this season. 

Exchanging of altruistic allo-grooming behavior reciprocated benefits immediately or at a  later 

time. Thus, in response to high tick load, patas used to allo-groom to avoid cost of blood loss and 

associated disease caused by tick ectoparasite. Nevertheless, during the dry season, in addition to 

natural seasonal desiccation effect, fire burn removed tick loads in the habitat and patas were free 

from ectoparasite infestation.  I n r elation to this seasonal change in t ick load, t ime demand in 

social act ivity was reduced i n the dry seaso n. T his f inding c orroborates   earlier field a nd 

experimental studies that demonstrate the relationships between grooming behavior and tick load 
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(Sánchez-Villagra et al., 1998; Madden and Clutton-Brock, 2009; Akinyi et al., 2013; Godinho 

et al., 2013).  

 

An e xperimental s tudy c onducted t o t est the effect o f ect oparasite load on gr ooming 

demonstrated that a reduction in ectoparasite loads generated a substantial reduction in grooming 

rate (Madden and Clutton-Brock, 2009). Comparative field studies also show that primate groups 

with high ectoparasite load have higher grooming rates than groups in less ectoparasite infested 

habitats (Sánchez-Villagra et al., 1998 ). T his s tudy on pa tas a lso s trengthened t he pr evious 

experimental a nd f ield s tudy f indings. T he re lation b etween a ctivity tim e p atterns o f a llo-

grooming and auto-grooming of this study also support the effect of ectoparasite on all-grooming 

rate. Both a llo-grooming a nd a uto-grooming w ere hi gher dur ing the wet sea son w hen 

ectoparasite l oad w as hi gh. T hese t wo f orms of  gr ooming, how ever, de creased w hen 

ectoparasite/tick infestation was less during the dry season. Moreover, contrary to the social glue 

prediction, this finding revealed overall aggression did not increase following reduction in allo-

grooming.  

 

In a ddition to e ctoparasite load, social ac tivity t ime o f t his st udy w as af fected b y seaso nal 

changes i n food availability. Food availability was high in the wet s eason, but  dur ing the dry 

season overall food availability and the diet breadth was reduced. Parallel to this environmental 

factor ch ange, so cial a ctivity time w as al so r educed d uring d ry se ason. T his ag rees w ith t he 

previous f inding t hat show r eduction of  s ocial t ime i n p oor ha bitat quality or  s carce f ood 

availability (Chapman, 1985 ; Isbell a nd Y oung, 1993 ).  T he f indings s uggest t hat pr imates 

living in food riche habitats might have more time to groom because they were able to 

obtain food more quickly than individuals in groups living in poorer quality habitats.   
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6.2.4. Vigilance  

In the activity t ime budget, i t i s observed that vigilance behavior i s highly seasonal. The t ime 

spent in v igilance w as higher i n the wet season, while it w as less during the dry s eason. T he 

analysis has revealed t hat this s easonal ch ange i n v igilance b ehavior i s a r esult o f i nteraction 

effect o f se asonal v egetation co ver and p redator en counter. P revious st udies o n v igilance a lso 

demonstrated that rate of vigilance is influenced by ve getation cover, predation risk, and social 

monitoring ( intragroup a nd intergroup interaction) (Alberts, 1994 ; Cowlishaw, 19 98; Hirsch, 

2002; Jaffe a nd I sbell, 2009 ; Macintosh and S icotte, 2009).  D uring the wet se ason, w hen 

vigilance t ime w as hi gh, bot h ve getation c over a nd pr edator e ncounter rate were high. I n t his 

season, most p arts o f t he p atas h abitat except some f lood p lains w ere covered w ith d ense t all 

grass of about 1.5 to 2 m height and trees with their full canopy cover. Even the flood plain short 

herbs less than 1m height can hide reptile predators during the wet season. However, in the dry 

season, almost in  all parts of their home range, tall grass covers were removed by f ire besides 

seasonal effects on desiccation and falling of grasses, herbs and tree canopy covers. This shows 

habitats o f p atas m onkeys d iffer sea sonally i n t heir na ture of  ve getation c over, i ncluding t ree 

canopy cover and tall grass ground cover.  

 

Seasonal c hanges i n ve getation, m ainly gr ass c overs i n t he ho me r ange of  pa tas monkeys, 

influence th eir b ehavioral a ctivity p atterns, p articularly v igilance. P redation r isk e stimation i n 

relation to the s easonal ve getation c over of  patas hom e r ange de monstrated that i n h igh 

vegetation cover, the risk of predation was high. As Enstam (2007) noted that predation risk is 

the probability of  an individual or  group encountering a predator, the analysis shows tall grass 

vegetation covers m ight pr ovide r efuge f or mammalian pr edators. O bservations of bot h 
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mammalian and reptile predators were high in the wet season when vegetation cover was tall and 

dense. During the wet season, the study found tracks and dung of  lion, and direct encounters of 

serval an d more r eptile predators l ike pyt hon, bl ack mamba a nd Egyptian c obra. T hese 

mammalian p redators s uch as l ion, ser val, and h yena (Enstam a nd I sbell, 2002 ), a nd reptile 

predators like b lack m amba an d v iper (Foerster, 2008 ) have b een reported a s pr edator o f 

guenons. But, predator encounter was rare in the open vegetation cover of the dry season. Lion 

and pyt hon w ere not  obs erved dur ing dr y s eason. T his s hows t hat ve getation c over pr ovide 

opportunity for predators to ambush and hunt prey including patas in the dense vegetation cover.  

 

In addition to providing shelter for predators, dense and tall grass covers have obstructive effect 

on patas visual monitoring ability than protective function. Enstam and Isbell (2002) indicated 

that when patas encounter predators, they usually follow an escape strategy ( like scanning and 

running) instead of concealing themselves in the ground vegetation cover. Vigilance behavior is 

a strategy that provides an active awareness of one’s surroundings about predators or conspecific 

groups (Cowlishaw, 19 98). A ccording t o Chapman ( 1985), t he f requencies and dur ation of 

vigilance was positively c orrelated w ith the d egree of  a nxiety of  t he a nimal. T hus, vi sual 

obstructive ef fects of d ense a nd t all ve getation c over on pa tas’ a bility t o sense d angers i n its 

surroundings demands the animal to be more vigilant in the wet season. So, high vigilance rate in 

closed ha bitats m ight be  e xplained by gr eater probability of pr edators t o be  c oncealed in the 

vegetation cover. Moreover, vegetation cover may also affect vigilance through its influence on 

visual c ommunication within g roup m embers. I n the c ase of  vi sibility, obstructive ef fect o f 

vegetation c over, f requent m onitoring of  gr oup mates i s e xpected t o maintain c ohesive gr oup 

110 
 



members. Patas use visual information as a cue for controlling within social interactions (Jacobus 

and Loy, 1981).  

 

In the dry season, except for scattered Balanitus trees, nonriverine trees shed their leaves/canopy 

cover a nd all above g round he rbs were removed. F ollowing r emoval of  ve getation c over, 

visibility w as m uch hi gher i n the h abitat dur ing t he dry s eason than during wet s eason. A s a  

result of change in vegetation cover, patas monkeys can observe both predators and conspecific 

groups at farther distance in dry season. The less dense vegetation cover, rare predator encounter 

and better visibility in  the dry s eason minimized t he a nimals’ pe rceived r isk of  pr edation a nd 

associated v igilance b ehavior. P atas, t herefore, spent less time scan ning b ipedally in t he dr y 

season burned area or on the trees than in the wet season vegetation cover. This result supports 

earlier findings on the effects of reduced ground cover (Chapman, 1985; Jaffe and Isbell, 2009), 

and predation risk (Gaynor and Cords, 2012) on vigilance behavior. Chapman (1985) revealed a 

positive c orrelation b etween t ime s pent in vi gilance a nd de nsity of  ve getation i n the green 

monkeys. 

 

Basically, the e ffect of  vegetation cover on pr imate predation r isk or  v igilance behavior is not 

always pos itive. A ctually, the e ffect of  ve getation c over on pr edation r isk a nd a ntipredator 

behavior must be seen in two cases, which are in the ground cover and in the tall tree vegetation 

cover. G round c over a ffects t he vi sibility of  bot h pr edators a nd pr ey. P rey s pecies l ike s mall 

mammals that rely mainly on concealment to avoid being detected by predators often use ground 

vegetation covers as protective cover (Tchabovsky et al., 2001). On the other hand, in arboreal 

primates t hat l ive i n ve getation w ith t all t rees and ove rlapped c anopy c over, s tructures of  t he 
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habitat provide protection from terrestrial predation r isk. Tall t rees enable primates to increase 

their v ertical d istance f rom pr edators by c limbing, or  r emaining i n t rees. O verlapping c anopy 

covers a lso pr ovide e scaping r outes a nd e nable pr imates t o move hor izontally be tween t rees 

without descending. Thus, in dense vegetation cover, and in habitats with tall trees, primates like 

vervet (Enstam and Isbell, 2002), colobus (Macintosh and Sicotte, 2009; Teichroeb and Sicotte, 

2012), and chimpanzees (Kutsukake, 2006) feel low predation risk in the canopy; but when they 

descend to the  gr ound they pe rceived high predation r isk and increase their rate of  vigilance. 

This study as in the case of earlier studies (Enstam and Isbell, 2002; Jaffe and Isbell, 2009) have 

confirmed p atas monkeys pr efer ope n ha bitats like nonr iverine ha bitats than c losed forest l ike 

riverine ha bitats w ith d ense c anopy c over. T hus, pr edation pr otection s trategies obs erved i n 

dense v egetation co ver ar e n ot a vailable to patas i n the open h abitat b ecause t rees w ith 

discontinuous c anopy c over a re ineffective a t i ncreasing hor izontal distance f rom pr edators, 

especially those predators that can climb trees. Moreover, in contrast to solitary animals or small 

mammal group, patas are unable to hide from predators in the ground vegetation cover. Thus, the 

limitation in  e scaping w ays due to l ack of  c losed c anopy c over a nd lack of  gr ound c over to 

minimize pr edation risk might i nfluence pa tas monkeys t o be  more vi gilant dur ing the wet 

season dense ground c over t han the dry s eason ba re g round c over a s the survival s trategy to 

increase their ability to detect predators before being detected by predators. This finding supports 

the not ion t hat vi gilance i s t he p rimary a ntipredator be havior of  patas m onkey (Enstam an d 

Isbell, 2002; Enstam, 2007; Jaffe and Isbell, 2009). Increasing vigilance rate and escaping from 

predators as quickly as possible has been observed in patas monkeys inhabiting in open habitats.  
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Time spent in vigilance has been shown to be influenced by the social interaction of within group 

and between group members (Gaynor and Cords, 2012).  In the conspecific vigilance model, it is 

found that vigilance is determined by social rank and low ranking individuals are more vigilant 

than hi gh ranking i ndividuals ( Alberts, 1994 ).  As the present study u sed i nstantaneous scan  

sampling on uni dentified i ndividuals, t he e ffect of  s ocial i nteractions i nfluence on t he r ate of  

vigilance, within gr oup s ocial i nteraction on  vi gilance behavior was not i nvestigated he re. 

However, i ntergroup encounter is not  e xpected t o a ffect r ate of  vi gilance i n pa tas.  I n t he 

intergroup social monitoring o f v igilance, it is  predicted that the ra te o f v igilance increases in  

frequent intergroup encounters. In spite of the prediction made, rate of vigilance was low in more 

intergroup e ncounters d uring the dry s eason, pa rticularly a round w ater poi nt, t han i n the wet 

season with low intergroup encounter. The lack of intergroup encounter effect on vi gilance rate 

might be due to nonterritorial behavior of patas and less intergroup agonistic interactions. Most 

of the observed encounters between two groups of patas monkeys were not followed by agonistic 

interactions.  

 

6.3. Ranging Behavior 

Home r ange si ze o f p atas i n t his st udy seem s t o b e s maller t han what reported earlier. A 

maximum of 548 hectares was estimated as an nual home range of the patas group. In Uganda, 

Hall (1965) reported 5200 hectares for a single group of patas. Laver and Kelly (2008) indicated 

that the home range estimation method has effect on t he size of home range. The present study 

also resulted i n different estimates o f home r ange si zes in di fferent home r ange e stimation 

methods. Thus, due to the effect of the methods used and sample sizes, comparing home range 

size variation among studies is difficult. The result of the home range size of this study might not 
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be smaller than previous documents. Moreover, with regard to the effect of seasonal changes in 

the e xtent of  home r ange, pa tas di d not  s how statistically si gnificant difference b etween w et 

season an d dry sea sons. I nstead, p atas f ollowed s hifting o f ho me r ange s ites i n response t o 

seasonal changes in the resource availability.  

 

Similar to studies conducted on ranging behavior of other primates, ranging behavior of patas is 

basically determined by food resource availability and distribution (Chapman, 1988; Grueter et 

al., 2008 ) as w ell as a ccessibility of d rinking w ater (Scholz a nd K appeler, 200 4). H abitat 

heterogeneity including seasonality play important role in the ranging behavior as seasonality of 

resources af fect patterns of  feeding and ranging behavior. Seasonal changes cause variation in 

the availability of food and water resources across the home range of patas. In Alatish, strong 

seasonal variations have been observed in food and water availability. In the wet season, flood 

plains provide water and food resources, whereas these resources were dried due to high thermal 

effect dur ing the dry s eason. R esources i n t he f lood pl ains were una vailable dur ing the dry 

season. A s r eported i n feeding e cology of  t his s tudy, di fferent p lant f ood r esources w ere al so 

limited in the dry season due to phenological changes.   

 

In the wet season, w ithin t he ho me r ange of  pa tas, pr eferred f ood a nd w ater resource w ere 

distributed patchily. In contrast, during the dry season, almost all parts of their home range are 

homogeneous i n f ood a vailability, w hich was scarce i n distribution. B ut, water was available 

only in the river bed of the Gelegu. In response to these dry season ecological changes, the patas 

monkeys s hifted t heir r anging pa ttern following th e location o f w ater availability. T he c ritical 

importance of w ater i n the s urvival of  pa tas m onkeys i s a lso r eported by Isbell et al. (2013). 

114 
 



During the peak of the dry season, Hall (1965) and Struhsaker and Gartlan (1970) also reported 

that pa tas were us ing home r ange ne ar w ater hol es. E ven t hough, frequent dr inking w as not  

reported i n these two st udies, p reference o f h abitats n ear water p oints m ight r eveal ef fect o f 

water in their ranging behavior. However, in Alatish, perhaps due to high thermal effect during 

the dry season, patas were observed drinking daily in the peak dry season.  

 

6.3.1. Home Range Utilization Pattern 

The ranging pattern of patas is more even in the dry season than in the wet season. This ranging 

pattern i s d etermined b y t he s easonal r esource d istribution i n p atas h ome r ange. The r esource 

distributions w ere m ore he terogeneous i n the wet season t han in th e dry s eason. As a  r esult, 

during resource limited dry season, patas actively utilized all available local habitats within the 

home range. The small core area or frequently used area of the wet season home range compared 

to the dry season also showed that the resource distribution was more clumped in the wet season 

than in the dry season. In the wet season, patas spend more time near flood plain habitats that are 

temporarily richer in important fruit resources, and water sources.  As a r esult of scattered food 

distribution pattern, the number of grid cells utilized was increased and grid utilization of patas 

monkeys were more evenly distributed across the home range in the dry season.  

 

Overall range us e of  pa tas w as not uni form. T he gr oup c ore a rea i n the wet seaso n was 

discontinuous, and usually closer to the flood plains. This discontinuous nature of the core cells 

is be tter explained by t he dynamic na ture of  r esource di stribution across t he home r ange. The 

study group shifts their home range preferences following f lood plain food resource and water 

availability. As illustrated in Figure 10, range use was relatively more clumped in the wet season 
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than in the dry season. Particularly, in the late wet season to early dry season, patas track flood 

plains. Food resources like I. aquatica fruit, cotton flower buds and sorghum seeds were patchily 

available during the late wet season. As described in the feeding ecology of  the present study, 

these food resources were the major food of patas next to gum. Ipomia  aquatica was found in 

two l arge p atches o n the flood pl ains a nd c otton f lower buds a nd s orghum s eeds w ere a lso 

available patchily in cultivated lands around the Park buffer zone. However, these food resources 

were u navailable i n the dry s eason due  t o s easonal c hanges. I n a ddition, gum food r esources 

available in tree patches were limited during the dry season. Thus, the alternative food resources 

in the dry season were root corms and tubers. The highly utilized grid cells in the dry season are 

frequently v isited a reas due  t o t heir pr oximity t o t he w ater poi nt and pe rhaps b urned a reas 

preference f or corm feeding s trategy. D uring the dry season, patas p refer b urned areas as this 

area helps them to forage corms, roots and tubers more easi ly than areas covered with dry tall 

grass. This dry season ranging pattern might reveal that water point or drinking site is the major 

determinant factor of patas ranging behavior than food distribution pattern.  

 
6.3.2. Daily Journey Length 

The result indicates that patas adjust their ranging length in response to seasonal changes. Daily 

ranging b ehavioral r esponse t o s easonal f ood r esource a vailability de pends on ho w much t he 

travel time would need to increase to maintain the energy requirement of the animal (Isbell et al., 

1998b), ho w much f oods di ffer i n qua lity a nd s patial d istribution (Chapman, 1988 ), a nd t he 

general foraging strategy of the animal. As described in the activity time budget, this study found 

that patas increased travel time to meet their energy demands during food scarce dry season. In 

this energy maximizing strategy, patas are expected to increase their daily range length to meet 

their e nergy demands. B ut, if t hey w ere adapted t o reduce en ergy expenditure in the resource 
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scarce dry season, pa tas would be  expected to minimize their daily t ravel distance. Thus, long 

daily travel distance during the dry season might be due to the increase in travel time and energy 

maximizing foraging strategy of patas monkeys.  

 

As stated above in range use pattern, patas monkeys visited more grid cells during the dry season 

than during the wet season. In the dry season, food patches were small in patch size, dispersed in 

distribution pattern and deplete in short time than in the wet season. Isbell et al. (1998b) showed 

that monkeys would be expected to travel long distance as food patches deplete. In relation to the 

increased n umber of  gr id c ells vi sited, a nd m ore travel time a mong food patches, m ean step 

length between grids will also be increased. Thus, patas monkeys were expected to travel long 

distance as the number of grid cells visited increased. In contrast, during the wet season, patas 

concentrated their activities around the flood plains for feeding and drinking. During this season, 

patas v isited s maller n umber o f g rid cel ls an d their t ravel distance w as sh ort. I n a ddition, the 

distance of water point from the activity center in the home range determine daily range length 

(Scholz and Kappeler, 2004). In  this regard, the activity center of patas in  the wet season was 

closer . However, in the dry season, patas used water holes in the Gelegu river bed. As shown in 

the grid cell utilization distribution map, most grids were closer to the water source in the wet 

season, while in the dry season, the water hole was located at the periphery of the home range 

and patas were required to ytravel long distances between the water holes and the sleeping and/or 

feeding sites in the periphery.  
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6.4. Land Cover Changes and Conservation Threat  

6.4.1. Conservation Threats on Landcover Changes 

In the long time history of Alatish, fire has been recorded as the major threat of conserving flora 

and fauna. The survey conducted during the present study, in the northern part of the park from 

Bermil to Jabra, from Bermil to Amjale and from Amjale to Alga sites has revealed that habitats 

in the Park have been severely affected by f ire. In the early dry season fire was most frequent 

along the Ethio-Sudan border. This probably reflects a high frequency of people travelling across 

the border. The Scouts during their patrol attested those fire events were anthropogenic effect of 

Fellata pastoralist nomads, who induced fire while they cross in to the Park. 

 

In livestock herding, fire has been used as a tool to control ectoparasite load, reptiles and large 

carnivore at tacks as w ell as t o cl ear t all g rass cover for i mproving t he quality o f f orage.. T he 

fresh offshoots that may regenerate around seasonal wetlands and riverine habitats after burning 

in t he d ry season a nd the w hole a reas in t he beginning o f t he r ainy season w ould pr ovide 

palatable an d n utrient-rich f odder f or he rbivores. T hese s trategies s eem t o be  us ed by t he 

neighboring nomads from Sudan, who intrude in to the Park with their livestock. As most of the 

fire i ncidents w ere o bserved i n t he Sudan bor der of  A latish P ark a nd the P ark s couts us ually 

caught the Sudanese nomads inside Alatish, Sudanese nomads are responsible to burn the area 

during t he dry seaso n months t o r emove t all dry g rasses and acces s for seaso nal w etlands to 

support th eir liv estock. A lthough c ontrolled f ire h as positive e ffects in  m anaged a reas, 

uncontrolled fire with a potential to spread fast in the presence of dry fuel and wind result in the 

annual deforestation in the Park. 
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Fire has been also recorded as a threat in most western lowland areas in  Ethiopia (Jensen and 

Friis 2001; Minassie Gashaw et al., 2002a,b; IBC, 2005; Sebsebe Demissew et al., 2005). Even 

in Alatish Park, controlling the activities of Sudanese nomads in the Park and uncontrolled fires 

induced by t hem ha s n ot be en e ffective f or s etting l ong l asting s olution of  t he c onservation 

problems. Actually, the Park Scouts patrol to locate illegal activities inside the Park. When the 

Scouts got nomads, they chased nomads out of the park without taking legal actions. During the 

field study, the scouts in the study site were taken for operation of chasing the Sudanese nomads. 

As these nomads were armed, the scouts faced challenges for educating them and to peacefully 

solve the problem of conserving the area. According to the information obtained from the Park 

Staff the Quara District officials or EWCA also d id not sufficiently enforce the practicality of 

cooperation on wildlife conservation agreement be tween the two countries for t aking effective 

steps in ensuring conservation of the area.  

 

As Minassie Gashaw et al. (2002a, b) reported severe removal of perennial grasses, shrubs and 

non-fire resistant t rees i n a ddition to t he da mage of  vi able a nd do rmant s eeds m anifested the 

adverse effects of fire in western Ethiopia. Similarly, the changes in landcover in this study have 

revealed, vegetation cover of Alatish has been severely affected by fire. The deciduous woodland 

and bamboo woodland, which were more than 50% of the coverage of  the Park in 1999, were 

reduced to about 20% in 2013. A latish National Park Management Plan (2009) also noted that 

woodland ecosystem of the Park covers vast area of the vegetation and estimated about 50 to 60 

% of the Park.  
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In contrast to the landcover changing trend of deciduous woodland vegetation, this study found 

that wooded grassland and Acacia woodland are highly increased in their coverage. Annual fire 

burn seems to cause removal of 5231.4 hectare woodland and expanding the wooded grassland 

by 5689.98 he ctare pe r ye ar. The riverine w oodland a nd w etlands, how ever, di d not  s how 

significant changes in the extent. These overall patterns of landcover changes might be related to 

the variation in fire in tensity a mong the landcovers, f ire resistance n ature o f p lant t ypes and 

effect of fire on plant regeneration capacity (Minassie Gashaw et al., 2002a, b).  

 

In deciduous woodlands, woody plants are not much dense; rather understory herbaceous plants 

and grasses as well as grass ground coverage range 30%__60%. According to Minassie Gashaw 

et al. ( 2002a), fire is  r elatively m ore in tense in  s ites with l arge gr ass bi omass. Thus, l arge 

herbaceous a nd gr ass f uel l oad de nsity i n the deciduous w oodland m ight a llow i ntense f ire 

burning t o occur a nnually a nd remove or m inimize t ree c overage. S uch c onditions can cau se 

reduction of woodland and increase in wooded grassland coverage in the Park. 

 

On the other hand, reduction in woodland and increasing of wooded grassland coverage might be 

explained by fire resistance capacity of trees. As Minassie Gashaw et al. (2002a) have suggested 

trees w ith t hick b arks and w ide d iameter might re sist stronger f ire b etter than s mall trees a nd 

trees with thin bark. According to these authors, moisture content and flammability of tree barks 

also d etermine f ire re sistance a bility o f tre e s pecies. T rees with d ry, s tring, f ibrous a nd ro ugh 

bark are prone to fire. Most trees in the woodland coverage of Alatish are small to moderate in 

size w ith r ough a nd s tring ba rks s uch a s Terminalia spp., Combretum spp., Pterocarpus and 

Lannea (ANPMP, 200 9). When fire a ppears, these w oodland pl ant s pecies bur n i mmediately 
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(Minassie Gashaw et al., 2002a). However, Acacia seyal with smooth barks, and B. aegypthicus 

with thick bark and large stem diameter may resist fire and protect their cambium. Expansion of 

Acacia woodland might also be related to this fire resistance capacity of Acacia.  I n addition to 

fire resistance of trees, Minassie Gashaw et al. (2002b) noted that significant proportion of large 

seeds of woody species such as Combretum spp. and Entada africana probably do not enter the 

soil, but s tay in  th e li tter a nd a re exposed to  fire. A lternatively, reduction i n w oody pl ant 

coverage may result from the ef fect of f ire that precedes seed d ispersal and cause low surface 

soil seed pool of some broadleaved herbs and woody species (Minassie Gashaw et al., 2002b).  

 

Unlike other ecosystems, the f ire regime did not  a ffect r iverine woodland. This f inding agrees 

with broadly defined Sudanian vegetation zone, where fire seems to affect nearly all vegetation 

types, ex cept cl osed f orest (Jensen an d F riis 2001). S uch f ire ef fect i s o bserved i n w estern 

Ethiopia, f rom th e b order region w ith w estern Eritrea in the nor th t o t he B oma P lateau s outh 

west of the town of Maji in the south (Jensen and Friis 2001). Unaffected vegetation cover of 

the riverine woodland in Alatish might be related to fire resistance potential of trees due to their 

thick stem or large diameter and moist bark. Most riverine woodland is dominated by large sized 

trees like Ficus sycomorus, Hyphaene thebaica, Acacia sieberiana, Stereospermum kunthianum, 

and Tamarindus indica.  In a ddition, w ithin t his w oodland, unde rstory gr ass a nd he rb gr ound 

cover are weak a nd di scontinuous. This poor  g rass and he rb l ayer do  not a llow f requent and 

intense fire accident. The main ground layer grass cover includes Bekeropsis uniseta, Eragrostis 

tremula and Sorghum sudanenis. These grasses have cap acity t o r egenerate immediately af ter 

fire due t o r esuidual m oisture c ontent of  t he s oil. T hus, r iverine woodland a nd w etland 
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ecosystems used as foraging a rea for w ild a nimals a nd livestock during the dr y s eason when 

green vegetation of other landcovers were rarely found. 

 

 Besides the major landcover changes between years, fire has also effect on seasonal landcover 

change. The non-woody vegetation cover of the woodland and wooded grassland ecosystem are 

often removed by fire and the clay and sandy soil remain bare in the long dry season. These two 

ecosystems are highly threatened by fire. Together with water shortage, removals of vegetation 

cover in the dry season make woodland and wooded grassland ecosystems unsuitable for wild 

animals. 

 

6.4.2. Conservation Threats on Wildlife  

The v egetation co vers of p rotected ar eas a re potential s ites o f w ildlife sh elter as w ell as 

ecosystem s ervice i n c arbon s equestration. H owever, l andcovers o f t he A latish ecosystem 

experienced a dynamic phenomenon occurring within the interface between human activities and 

ecological r estoration. Recurrent f ire incidence caused by human act ivities a ltered Alatish like 

other w estern pa rts of  E thiopia. I n western E thiopia, uncontrolled f ire threatened a ll f orms o f 

biodiversity including flora and fauna (Jensen and Friis 2001; Menassie Gashaw et al., 2002a, b; 

IBC, 2005; Sebsebe Demissew et al., 2005). The distribution of fires showed that western region 

of Ethiopia i ncluding Alatish w as af fected b y f ire i n ear ly 1 990s (Jensen a nd F riis, 2001) . 

Additional studies conducted l atter ( Heckel et al., 2007;  A braham M arye et al., 2 008; G irma 

Mengesha a nd A fework B ekele, 2008;  T adesse H abtamu a nd A fework B ekele, 2008;  H ailu 

Menale, 2011) have also noted the threat of fire in the Park. The present study also confirmed the 

existence fire as conservation threat in the area.  
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Frequent f ire i ncidences af fect al l w ildlife i n w estern E thiopia. H eckel et al. ( 2007) warn 

sustainability of  wildlife i n t he nor thwestern region i ncluding A latish. Due t o t he i ntensity of  

anthropogenic impact, major parts of the existing woodland and most of the wildlife in the Park 

will be lost in near future. In  the v iew o f habitat th reat, the e stablishment o f Alatish National 

Park in north-western Ethiopia was considered as great opportunity to conserve fauna and flora 

typical for the Sudan-Guinea biome.  

 

Despite the oppor tunity of  t he Park i n conserving w ildlife, f ire e xacerbated removal of  

vegetation cover that serve both shelter and food sources for wild animals as well as maintaining 

moist c onditions and moisture contents o f t he ar ea. E specially i n the dry s eason, f ire ha s 

destroyed a ll unde rstory ve getation coverage or  he rbaceous pl ants i n wide a reas of w ildlife 

habitats a nd t he gr ound r emains ba re i n the long dr y s eason e xcept in t he riverine w oodland 

habitat. These devastating land-cover changes potentially affect biodiversity, climate change, and 

hydrology o f na tural e cosystem of  t he a rea. A s a  result of  this, wildlife ha s be en suffering t o 

survive dur ing dr y s eason due  t o f ood a nd w ater s carcity a s w ell a s hi gh t emperature in t he 

absence o f shade ( Plate 11). When t he food s upply was s carce, p rimates ( anubis baboons a nd 

patas monkeys) were observed feeding on unusual foods like dried items that were not observed 

in the wet s eason o r us ual f eeding behavior. A nubis w as o bserved f eeding dr ied stem pi th of  

small w oody s hrub. S uch unus ual feeding w as r eported d uring dr ought ye ars i n southwestern 

Madagascar Lemur catta, which was feeding on dried leaves and desiccated seed pods (Gould et 

al. 1999). 
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Plate 13. Ecological stress in wildlife during the dry season. Left: Baboon eating dry stem in fire 

burned area. Right: Patas monkeys sheltered themselves from solar radiation and hot temperature 

at the base of Balanitus tree stem when most tree canopies were removed by fire and seasonal 

effect.    

 

 In some cases, fire may also directly affect insects, nests of birds, slow moving wild animals like 

reptiles and small mammals. Removal of vegetation covers may also affect smaller wild animals 

such as reptiles and rodents to be easily hunted by pr edator eagles (Plate 12). In the area, there 

are d ifferent eag le sp ecies l ike L izard B uzzard, L ong-crested E agle, Dark C hanting-Goshawk, 

Grasshopper Buzzard, Gray Kestrel, Black-shouldered Kite, and Snake-eagle.   

 

Studies al so r eported d ecline in di versity a nd a bundance of  r odents ( Ivlev et al., 2011)  o r 

complete disappearance of large mammals (Heckel et al., 2007; Girma Mengesha and Afework 

Bekele, 200 8) i n northwestern r egion of  E thiopia.  D espite T adesse Habtatmu a nd A fework 

Bekele (2008) reported diverse rodent species, after few years Ivlev et al. (2011) reported that 

the species diversity of rodents was extremely poor. The ANPMP (2009) stated that there were 
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about 37 mammalian species in the area, but out of them eight have been observed at least before 

15 years of the report. Disappearance of some large mammals might have been resulted due to 

environmental changes aggravated by f ire besides natural seasonal s tresses o f r esources i n t he 

region. G irma M engesha a nd A fework B ekele ( 2008) n oted that l arge m ammals l ike T ora 

hartebeest a nd R oan a ntelopes w ere c ommon i n t he r egion be fore 1980’ s dr ought pe riod. 

According to Hailu Minale (2011), Fellatta and other t ribes who settled i nside and a round the 

Sudan D inder N ational P ark du ring the d rought pe riod a re r esponsible f or e cological 

disturbances a nd w ildlife th reats in Alatish N ational P ark o f E thiopia.  During the dry season 

pastoralist nomads from Sudan migrated to Alatish on yearly basis and settle temporarily inside 

Alatish. T heir a ctivity i nside t he pa rk i ncluding f ire a nd f orage c ompetition of  t heir l ivestock 

with wild animals h ighly th reatened survival o f w ild animals and sustainability o f the Park i n 

general.   

 

 

Plate 14. Lizard species threatened by predator; its neck and head are injured.  
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Livelihoods of  t he i ndigenous s ocieties i n t he a rea a re l argely ba sed on hunt ing a nd f ishing 

(Abraham Marye et al., 2008). However, threats of hunting appear to be largely subsistence and 

have be en minimized w ith i ncreased m anagement e fforts t hrough developing community 

education and participation.   
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CHAPTER 7 CONCLUSION AND RECOMMENDATION 

This study conducted in Northwest Ethiopia i s the first morphological and behavioral study in 

the northeast biogeographic range of the Patas monkey, Erythrocebus patas. Most studies of E. 

p. pyrrhonotus have be en conducted i n K enya, U ganda a nd C ameroon. The c urrent study i n 

Ethiopia f ound s ome distinct m orphological and be havioral features compared t o t he f our 

subspecies described earlier. Morphologically, adult males do not have white spot on their nose, 

which i s o ne ch aracter of E. p. pyrrhonotus. I n a ddition, a s r eported i n our  pr eliminary s tudy 

(Solomon Yirga et al., 2010) in Benishangul, which is southern adjoin of Alatish, the adult male 

fur i s bl ack on i ts shoulder t o arm. This bl ack fur i s a lso observed on the adult male patas i n 

Alatish. Adult female patas observed in Benishangul and Alatish have a distinctive white frontal 

band. Moreover, p atas monkey in  Alatish s eem to  b e d istinct in  th eir feeding b ehavior. Their 

feeding be havior i s hi ghly s easonal w ith significant pr oportion of  pl ant f ruits in  the late w et 

season dietand ground food sources such as corms and tubers food items during the dry season. 

In the previous studies corm was not reported as major food item in patas monkeys. Thus, based 

on morphological features and feeding behavior differences, the study suggest that patas monkey 

in West E thiopia is di stinct e nough from E. p. pyrrhonotus to w arrant a s new and discrete 

subspecies.      

 

The ha bitats of  pa tas monkey i n the western l owlands of  Ethiopia a re hi ghly s easonal. T he 

seasonal environmental c hanges influence f ood a nd w ater r esource a vailability, predation r isk 

and ectoparasite infestation in the area. Food and water were extremely scarce during the late day 

season. All water sources including rivers dried out in their flowing courses. In the wet season, 

the t all gr ass gr ound cover pr ovides shelter f or gr ound pr edators like ser val, and cau se thick 
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infestation. I n the peak d ry se ason, high t emperature i s a lso a nother e cological s tress f or t he 

survival of  pa tas i n Alatish. Overall s easonality of  t he environment de termines t heir behavior. 

Patas m onkeys ar e ad apted t o t his seaso nality in  th e h abitats by a djusting t heir behavior i n 

feeding strategy, a ctivity t ime bud get a nd r anging pa tterns. I n t heir f eeding be havior, patas 

monkey respond to seasonal food resource availability changes by shifting their feeding to the 

available food resource. Dietary switching and widening alternative food sources are their major 

feeding be havioral responses t o seasonal f ood resource availability. Patas w iden t heir f ood 

option a nd t ake m ore n utrients w hen f ood r esources a re a vailable. T his m ight he lp t hem a s 

energy reserve m echanism t o s urvive dur ing the food scarce d ry s eason. M oreover, pa tas 

monkeys are f lexible i n their activity t ime budge t t o c ope w ith s easonal e nvironmental 

conditions. They seasonally change activity time budgets of different behavior according to their 

survival va lue t o c ope w ith t he t rend of  e cological f actors. R esting a nd moving a ctivity w ere 

critical during the extreme high temperature and food scarce dry season. In the dry season, the 

needs f or resting a nd m oving activities w ere compromised by  reduction i n social t ime an d 

vigilance. On the contrary, at time of high predation and ectoparasite risk in the wet season, patas 

spent significant proportion of time on grooming and vigilance. 

 

Patas m onkeys al so r espond t o sea sonal en vironmental c hanges i n r esource av ailability an d 

distribution by seasonally shifting their r anging be havior. When f ood a nd r esources w ere 

available a nd di stributed i n l arge patches like f lood pl ains, pa tas c oncentrated t heir range 

utilization in small part of their home range or core area. In the wet season, due to clumped home 

range utilization, the daily range length and home range sizes were short and small, respectively. 

In contrast, during the dry season, both water and food resources were scarce. Most of the above 
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ground f ood r esources were abandoned, and al ternative f ood r esources w ere d ispersed an d 

unpredictably distributed food sources in the ground. During this time, patas monkey utilize their 

home range evenly. As a result of this range utilization pattern, daily range lengths were long and 

their home range size was large compared to wet season. Patas monkeys do not prefer riverine 

habitat. D uring the wet season, p atas n ever v isited riverine habitat. T hey us ed f lood pl ains a s 

source of water and concentrated their feeding activity closer to it. However, in the dry season, 

when all flood plains were dried, patas monkeys left the flood plains. In this season, they used 

river courses as source of water, but other than drinking site, patas monkeys did not stay in the 

riverine habitats as feeding site.  

 

During the dry season, except some rockyriver beds the r iver f low was completely dr ied. This 

implies that water shortage was a threat to the survival of patas in the semi-arid environment of 

Alatish. I n addition t o seasonal ec ological s tress, f ire induced by i llegal nom ads a nd hone y 

collectors caused habitat loss and degradation. This human interference intensifies the aridity of 

the habitat during dry season. Nomads also encroach on seasonal wetlands or  f lood plains and 

potential w ater p oints for their c attle grazing and w ater so urce. P atas faced co mpetition w ith 

cattle f or w ater acce ss an d food resources. Thus, extreme s easonality of  t he e nvironment a nd 

human impact are the major conservation challenge for wildlife conservation including patas in 

Alatish National Park.   

 

The ove rall vegetation covers a lso show changing in the r eduction of  woody vegetation cover 

and expansion of open habitat or wooded grassland. As reported in the earlier study, this study 

found that most of  t he conservation threats in t he Park were caused by nomad i ntruders f rom 
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Sudan. The r eported problem in ha bitat a lteration at t he t ime o f est ablishment of A latish as  

National park still exists.  

 

Therefore, base on this study findings the following recommendations were made: 

1. Morphological features of  pa tas monkeys i n B enishangul-Gumuz a nd A latish N ational 

Park revealed that patas monkeys found in Ethiopia are distinct from E. p. pyrrhonotus. 

However, t o c onclude taxonomic status of  a ll pa tas popu lation f ound i n E thiopia i s 

distinct, additional studies s hould be  c onducted i n patas popul ation f ound i n Gambella 

and Southwest parts of Ethiopia. 

2. Behavioral characterization of patas monkeys in this study is limited on one site, Alatish 

National P ark. S o, to widen our  understanding about their b ehavior further s tudy on 

different habitat should be conducted.  

3. In th is study, patas monkeys were described based on t heir morphology a nd Behavior. 

Thus, t o de velop c omplete de scription of  t heir t axonomic s tatus, m olecular a nalysis 

should be carried out.  

4. Even though t he e stablishment of  t he Park is  c onsidered a s c onservation in itiative, the 

study found that the habitats of Alatish National Park and wildlife dwelling in the Park 

are st ill t hreatened b y human i mpacts. T hus, to control i llegal h uman a ctivities t hat 

severely af fect biological resource p otentials of t he P ark, continuous m onitoring a nd 

boundary park collaboration with the Dinder National Park of Sudan are needed. Unless 

immediate handling measures on the fire and nomads’ impact on the park can be taken,   

observations of  this s tudy and earlier studies revealed nature conservation potentials of  

the Park will be lost in un-reversible extent.       
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