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   Abstract                                                                                                                                                                                                      It is important to understand the behaviour of primates in captivity for two main reasons. Firstly, as a means towards ensuring their wellbeing,  and secondly to use that understanding to ensure a positive experience for zoo visitors. The aim of this thesis research goes in line with these two objectives. In this research, an attempt was made to study the daily time budget of a gelada baboon (Theropithecus gelada) heterosexual pair and a single individual patas monkey (Erythrocebus patas) kept in captivity at the Addis Ababa Lion Zoo. The activity time budget of each individual was monitored for a total of 30 observation days in seven month (September 2018-March 2019). Both gelada individuals spend most of their time resting (male=29%; female=32%). Resting was followed by observing (male=18%; female=22%) and feeding (male=15%; 20%). The lowest time allocation was observed for grooming (male=2%; female=2%) and aggression (male=5%; female= 2%). While the two gelada individuals showed similarity in time allocation for most of their daily activities, there was marked difference in the proportion of time used in climbing where the male was engaged more than the female (male= 15%; female= 6%).The patas monkey also allocated the highest proportion of its time budget for resting (26%) followed by climbing (22%) and observing (18%). Aggression (1%) and playing (8%) were the least performed activities. No significant variation in the distribution of allocated time budget between different periods within the day (morning, midday and afternoon) was observed in both primate species. 

Keywords: Addis Ababa Lion Zoo, activity, time budget, patas monkey, gelada baboon 
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The gelada baboon (Theropitecus gelada) is the only living species of the genus Theropitecus of old world monkeys that inhabits highland plateaus and grasslands of Ethiopia (Crooketal., 1966). Ankel-Simons (2007) classifies the gelada as papionine (baboons),. They are terrestrial primates (animals living in wild habitats rarely climb trees). Geladas have a greatly developed system of communication with a diverse repertoire of vocal and non-vocal displays (Richman, 1976). Mancini et al. (2009) described miming as a means of communication among geladas.  Adult males typically have a long, heavy cape of hair on their backs (Ankel-Simons, 2007). They can be distinguished from other baboons by shorter jaws, a longer face, snub snout and bulging cheek pouches. Geladas have very long canines. Their molars are deeply crenulated (T-complex) which is the result of their adaptation to feeding on grass and seeds (Dunbar, 1976; Iwamoto, 1979). Geladas are solely herbivorous, feeding predominantly on grass, leaves and seeds (Richard, 1985). Dunbar and Bose (1991) specify that grazing on grasslands is sufficient in summer, whereas in autumn and winter geladas make up for the lack of grass by feeding on grass seeds and plant roots while they rarely eat insects or small animals. The mating system in geladas is greatly complex, with a strong female instinct and a stable, maternally inherited dominant hierarchy (Barrett et al., 1985). Di Fiore and Rendall (1994) agree that geladas have a highly efficient social hierarchy including great numbers of animals of both genders. A functional hierarchy has a positive impact on reproductive behaviour in the group; dominant individuals protect their offspring (Swedell, 2006). The primary social unit is a reproductive unit consisting of a dominant male and a few females (Kawai et al., 1983). Other males may be present in the group but they are subordinate to the Alfa male. McCovan et al., (2008) wrote that aggression was used by both sexes to establish the social position of the animal within a group. 
From the ethological point of view, the aggressive behaviour may consist of attacks and escapes, although in some behavioural models of mammal social interaction even more modalities are distinguished (Máchalová et al., 2012).
The Patas monkey is one of the medium-sized primates  distributed  from  semi-arid areas of West to Eastern Africa. It is recognized by its different  names  like  Red  or  Hussard  monkey  given due  to  its  red-brown  and  silver-grey  morphological colour.  It  is  also  named  as  crying  monkey  after  the weeping  sounds  of  its  young  (Galat-Luong, 1992). Patas  monkey  is  a  semi-terrestrial  primate  typically living  in  multi-female  or  single-male  social  groups composed upto 75 individuals (De Jong et al., 2009). Dorst  andDandelot  (1969) determine  two  subspecies of patas,  the  western  E. p. Patas and the eastern  E. p. pyrrhonotus.Others, however, believe  that  at  least  some  of  the  features  used  to separate  these  subspecies  are  merely  variations  in the female's facial pattern during pregnancy  (Groves, 2005).
Patas  monkey  is  an  omnivorous  primate,  relying  on plant  material,  insects,  and  animal  material  for food.  The  majority  of  their  feeding  activity takes  place  on  the  ground  (Isbell,  1998;  Henty  and McGrew,  2014).  They  also  invade  farms and consume farm  products  and  hence  act  as  pests  (Chism  and Rowell, 1988).The ecology and behaviour of patas monkey has been studied  in  different  countries.. 
Historically captive animals have been housed in restrictive enclosures without stimuli (Mench and Kreger, 1996), such as those associated with predators, prey, social groups, mates and environmental stochasticity (White etal, 2003, Wielbnowski, 2003). Several studies have documented the effects of captivity on animal welfare (Carlstead, 1996; Mench and Kreger, 1996; Poole, 1998) and have recognized that captivity can drastically alter an animal’s behaviour (Price, 1984; Lickliter and Ness, 1990; Carlstead, 1996; Price, 1998). 
As a result of a predictable, often unchanging environment captive individuals may lose the range of behaviours that enable them to respond to a variable and unpredictable environment identified low behavioural diversity, abnormal behaviours and excessive inactivity as common problems in captive animals. This has also led to the development of several methods on how to raise primates in captivity and environmental enrichment has been recognized as an effective principle for captive animal management (Yuetal, 2009).
The present study is a contribution on the understanding of the daily time budget allocation of captive primates. It was specifically targeted to record and analyse data on daily time budget of a heterosexual pair of gelada baboons and a single individual patas monkey at Addis Ababa Lion Zoo.
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2. LITERATURE REVIEW 
[bookmark: _Toc21972019]2.1. Gelada baboon 
Taxonomy 
The hierarchical classification of gelada is given below:
Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Primate
 Suborder:  Haplorhini
Infraorder: Simiiformes
 Family: Cercopithecidae
 Genus: Theropithecus
Species:  gelada
Binomial Name
Theropithecus gelada (Ruppell, 1835)
Physical characteristics
Male gelada baboons weigh an average of20.25 kg. Their body length is 69 to 74 cm with tail length of45 to 50 cm. whereas female geladas are somewhat smaller than males. They weight an average of 14.8 kg and 50 to 65 cm in body length and their tails are 30 to 41 cm long (Van Hooff, 1990:258).
Members of both sexes have short rostrums and wide nostrils. They have short brown fur and both males and females have a hairless patch on their chests, usually triangular in shape, which is outlined by white hairs. Both sexes have pale eyelids which are used for expression. Males are marked by the presence of whiskers and a brown hairy mantle (Stammbach, 1987; Van Hooff, 1990)
Feeding and habitant
Gelada baboons are the only primates which have a specialized graminivorous diet. They feed in the grassland plains during the day time and spend nights on the cliff (Iwamoto et al., 1996). Gelada baboons prominently feed on grass. Depending on the season, grass comprises more than 90%of the diet. They also feed upon cultivated crops leading to conflict with the local human communities (Mesele et al., 2008). In November, when grasses have seeded the seeds make up 70% of their diet. During the dry season (January and February), 67% of their food is grass rhizomes and 25% grass blades (Dunbar, 1977). Gelada are also known to harvest fruits, tubers, and flowers and stems throughout the year (Dunbar, 1977; Kawai, 1979). The opposability of their first two digits is the highest of all the old world monkeys and allows them to pick grass blades individually so that they can sort good grass from bad grass during the dry season. It is also notable that their phalanges are short and robust, which allows them to dig efficiently for tubers when desired. These specializations allow gelada baboons to take advantage of grassland environments that other primates could not inhabit successfully (Dunbar, 1977a). 
Geladas prefer to sleep on cliffs, from which they descend in the morning to go foraging in grasslands between 2000 and 5000 meters (Stammbach, 1987). They are a terrestrial species verywell specialized for this particular habitat (Stammbach, 1987) 
Reproduction and mating system 
Gelada baboons do not have a specific mating season, though it has been noted that the birth rate is higher during the rainyseason. When a gelada female comes into estrus, a ring of red beading develops in the naked patch on her chest and her ano-genital region swells visibly. The estrus cycles of females within a group are fairly synchronized, as are births. This may be due to social influence through hormonal regulation (Kawai, 1979). 
Gelada reproductive units are highly variable in size and composition. The typical reproductive unit contains a single breeding male and an average of four reproductive females (1-10) together with their dependent young. A proportion of the units in each band contains additional adult male (i.e. followers) (Dunbar, 1984b). Infanticide among primates was first observed in Hanuman langur (Presbytis entellus) (Mori et al., 1997). 
The genes for infanticide are understood to propagate through increasing reproductive success of the perpetrator male, depending on the theory of sexual selection against the cost for the females. Recently infanticide behaviour has been observed in gelada baboon in Arsi region. The birth interval of female gelada can be shortened after takeover of a unit by a new leader male (Mori et al., 1997). 
Mortality among immature (infants) is highest. Among adults, the mortality rate is higher among males than among females. The life expectancy is about 12.3 years for males and 13.8 years for females (Dunbar, 1980). The main cause of mortality was probably respiratory and other infections contracted during the climatically adverse wet season when the animals were subjected to constant soaking at temperature below 0oC.Male mortality rate, however, correlates with the rate of harem take over, suggesting that the physiology stresses imposed on males by these social change might reduce the life expectancy of the older animals. But there was no evidence to suggest that food shortage was ever a cause of mortality (Dunbar, 1984b). 
Geladas have low birth rate compared with other baboons and macaques. Females give birth for the first time at about 4 years of age and continue to produce offspring thereafter at an interval of approximately 2.14 years. Males are considered to be reproductively mature at 6 years of age (though they undergo puberty at the age of 3-4 years). Increasing climate severity with high  altitude result in high rate of abortion due to cold stress (Dunbar 1980). Births are more synchronized within reproductive units than they are between units of the same or different band. Much higher degree of synchrony within individual harems of female must be attributed to social factors. Takeover of harem by males from all-male groups was identified as the primary cause of this synchrony (Dunbar 1980; Dunbar 1984a).The birth rates of individual females are also influenced by two other factors, namely female’s age and her dominance rank within the unit. The first one is probably a consequence for increasing ovulatory irregularity with age. Graham et al., (1979) found a positive correlation between the number of offspring a female had and her dominance rank. Stress from repeated harassment by higher ranking females caused ovulatory failure in low ranking individuals. 

Social Organization 
Geladas  are  gregarious  primates,  which  live  in  fairly  large  groups.  The gelada social system consists of multi-tiered hierarchy of social groupings (Crook, 1966; Kawai et al., 1983).  The  first  level  of  social  system  is  the  one-male  unit  (OMU),  which  typically consists of a single reproductive leader male, adult females and their dependent offspring, and  possibly  one  or  more  follower  males  (Dunbar  and  Dunbar,  1975). 
Followers may include either the deposed leader male that remains in the group, or another outside male that enters the unit during its takeover. Follower males may live and socialize within the unit, but they are subordinate to the leader male and therefore rarely mate with females (Dunbar, 1984). The OMU is the smallest grouping within the gelada social system, and provides the context in which most social behaviour and all reproductive activity takes place. It is considered as a reproductive unit in a gelada population. Another first level social  group,  the  all-male  group,  contains  young  adult  and  sub adult  males  that  have dispersed from their natal unit (Kawai et al.,1983; Dunbar, 1993; Crook, 1966). The second level of social system above the OMU is the team. It comprises two or more closely associated units, which are thought to have resulted from unit fission. The team is not  an  obligatory  level  of  social  system  and  thus  most  units  may  not  be  involved  in  a given  team  (Dunbar  and  Dunbar,  1975;  Ohsawa,  1979a;  Kawai et  al., 1983;  Dunbar, 1984). The third level of social system is the band, which is made up of multiple units and all male groups.  Geladas  live  in  loosely  organized  bands  of  50–280  animals  (Dunbar  and Dunbar, 1975; Ohsawa, 1979a; Iwamoto and Dunbar, 1983). The bands are formed by the geladas due to the preference of the family units to forage in large groups. For this reason, geladas tend to remain near to those units with whom they can most easily form large aggregations. Though family units may undergo fission from time to time, kinship is an important factor enabling them to live together. Thus, closely related units tend to remain in the same area (Dunbar, 1993).  The gelada band is considered to be the fundamental genetic unit as members of a given band are genetically more homologous than members of different bands (Gurja Belay and Shotake, 1998; Gurja Belay and Mori, 2006). Another social system is the community, which consists of those bands whose ranging areas overlap extensively and who therefore tend to be found in "mixed-band herds" more often than is usually the case (Kawai et al., 1983). 
The community is sometimes confused with the herd, which is not a stable social system. The herd is a temporary aggregation of reproductive units who do not have particular allegiance or status (Crook, 1966; Dunbar, 1993).
 Communication
Social communication in  geladas include; vocal, visual and tactile communications.Vocal communication system facilitates increase in group size and levels of social bonding within primate social groups (Dunbar, 1993). Vocal communication can play a role in the evolution of social behaviour (McComb and Semple, 2005). Dunbar (2003) suggested that language originally evolved to service social relationships when primate groups became too large for grooming. Two-phase bark and rhythmic grunts are the typical examples of vocal communication (Estes and Wilson, 1992).Generally, there are two vocal patterns: (1) contact calls, when one individual approaches for friendship and (2) aggressive and defensive calls like “wahoo” for inter or intra group aggression and when a predator is in the vicinity. Frequency of calling and the production of different vocalizations were related to social rank and to the age of the sender (Aich et al., 1990). Postures and expressions are relatively undeveloped and usually associated with vocal signals (Harcourt, 1992). This includes social presenting, staring, staring with open mouth, head-bobbing, and tension yawing and lips macking. Tactile communication includes social grooming, nose-to-nose greeting and social mounting (Chapais and Berman, 2004; Harcourt, 1992; Estes and Wilson, 1992). 
Geographical distribution 
Gelada are found on the Ethiopian plateau predominantly south of the Tacazze River, north of the Awash and east of the Blue Nile River (Dunbar, 1993a, Oates, 1996). However a population was found a significant distance from other populations further south along the upper Wabi-Shebeli River, in the ArusiRegion (Mori and Belay1990) (Fig. 1).
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Figure 1.Geographical distribution of gelada baboon (zinner et al 1989)


Conservation status  
The status of gelada baboon does not appear to be a cause for concern at this point. Geladas are listed as LeastConcern as they have a large range,remain abundant,and despite increasing threats there is no reason to believe that they have undergone any major range –wide decline that would result listing in a threated category (Gippoliti, 2008). 
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2.2. Patas monkey (Erythrocebus patas)
 
Taxonomy
The patas monkey is also known by other several names including the Red guenon or Red monkey, Military monkey, Dancing red monkey,Wadi monkey,Hussar monkey. It is the only species under genus Erythrocebus. The hierarchical classification of the patas monkey is as follows:
Kingdom: Animalia
   Phylum: Chordata
     Class: Mammalia
        Order: Primate
            Suborder:  Haplorrhini
                  Infra order: Simiifor
                     Family: Cercopithecidae
                        Sub family: cercopithecinae
                        Genus:Erythrocebus
                          Species:  patas
                         Binomial Name:  Erythrocebus patas (schreber, 1775)





Physical description
The average weight of the adult male is 12.4 kg whereas the adult female weights 6.5 kg (Galat-Luong et al., 1996). The body length  of  patas  male  ranges  from  600  to  875  mm excluding the tail, and the female measures 490 mm on  average  (Rowe,  1996).  Adult  male  patas  has brighter  colour  and  bigger  size  than  adult  females. Moreover, males possess white beard, gray forelimb and chest and  bright blue scrotum  whereas females have  a  tan  coloured  dorsal  part  (Yirga  et  al.,  2010;Rowe, 1996). Features such as black face with white moustache,  reddish-brown  head  crown,  brownish white  neck,  black  line or strip  on  temporal  lines and whitish ventral parts are common to both sexes (Yirga et al., 2010).  
Habitat and feeding 
Patas monkeys are diurnal primates. They  habitually  dwell  in  habitats  where  open  areas are prevalent, despite their adaptation and tolerance to  a  wide  variation  of  ecological  condition  including those highly arid environments (Tappen, 1960). They occupy areas ranging from savannah to woodland and from extreme desert to relatively wetland habitats (Hall, 1965; Chism et al., 1984).  
The home ranges of patas  troops  in  their  natural  habitats  vary  from 23 to 52 km², depending on their troop size, food and water  availability  (Chism  and  Rowell,  1988;  Enstam and Isbell, 2004).The  occurrence  of  patas  monkeys  in  open  habitats such  as  savannah  grassland,  shrub land  and  acacia woodland  is associated with their physical adaptation for  running  on  the  ground  (Galat-Luong,  1992;  De Jong  et  al.,  2009).  In  dry  areas  or  during  the  dry season, E. patas does not move far from permanent water  sources  (Isbell  and  Chism,  2007;  De  Jong etal.,  2008).  They also make use of human made resources like water, crops and places with reduced predators in some occasions (De Jong et al., 2008). Patas  were  demonstrated  to  prefer  grassland  in  the wet  season  and  sleep  in  woodlands  to  avoid predators (Nakagawa, 1999).  When offered a choice between short and tall trees, patas prefer tall trees (Enstam and Isbell, 2004). 
Patas undertake over 65% of foraging activity on the ground.  Their  diet  is composed  of  grasshoppers,  insect  larvae,    mantis, weevils, winged ants, leaves, buds, flowers and fruits (Henty  and  McGrew,  2014;  Raubenheimer  and Rothman, 2013). They also act as nuisance species prowling crops of local peoples in their range. 
This  is particularly  the  case  for  all  male  groups  of  patas monkeys  that  infrequently  raid  crops  in  their surrounding  farm  lands  (Yirga  et  al.,  2010;  González-Martinez,  2004).  The  patas  monkeys  spend  a large  amount  of  time  searching  for  uncommon  and hardly  obtained  food  items  such  as  gums  and arthropods  (Isbell  et  al.,  2012;  Nakagawa,  2000). These  food  items  are  important  in  meeting  the nutritional  requirements  of  the  monkeys.  Due  to  the high  reliance  on  gums  and  insects  for  their  diet, patas  monkeys  are  by  far  the  physically  largest primarily  insectivorous  and  gummivorous  primate (Isbell,  1998).  The distribution of food items in time and space affects the feeding behaviour and group associations of patas monkeys.  As a result, they travel more distance between food sites, stay for short duration at food sites and rapidly move to obtain their food.  They depend on less abundant, highly dispersed and small sized food sources.  This makes their locomotion rapid in open habitats, and thereby assists to escape from predators (Isbell, et al., 1998).
Reproduction and mating system
Patas  monkeys  have  a  clearly defined  conception  and  birth  season  (Henty andMcGrew,  2014).    During estrus, the female will solicit copulations from the male by crouching, then blowing air into her cheek pouch, and then drools, with the tail curled up (Hrdy and Whitten, 1987).  
Typically, conception occurs in the wet season and births occur in the dry season (Nakagawa et al., 2003; Chism  et  al.,  1983).  Evidences indicate that reproduction in patas monkeys is related to rainfall distribution.  They  have  gestation  duration around  170  days,  and  females give  birth  to  asingle  offsping  (González Martínez, 2004).Patas monkeys demonstrate high population fluctuations.  They have one of the shortest inter birth intervals of any Cercopithecine, averaging about one year between births (Chismet al., 1984; Nakagawa et al., 2003).  
The  infants  also  become  fully independent  by  one  year  of  age  as  they  will  be displaced  by  new  infants.  The  early  and  frequent reproduction of patas has been associated with the relatively  lower  survival  of  adults  compared  to immature  (Isbell  et al., 2009).  Their dependence on gums  and  arthropods  for  their  diet  has  also  a considerable  significance  to  their  frequent reproduction as the same reproductive outputs have been  observed  in  other  gummivorous  and insectivorous primates (Isbell et al., 2012).
There  has  also  been  at  least  one instance of probable infanticide by a patas male observed in the wild  (Enstam  et  al.,  2002).  However,  infanticide  is beneficial when a male may only have a short time to mate  before  being  replaced  by  another  male  and when access to females is limited (Hrdy, 1974). 
Behaviour
During wet season, less drinking behaviour is displayed whereas during the dry periods, they congregate around water sources (Hall, 1965; Struhsaker and Gartlan, 1970). The patas monkeys spend most of their daily time for travelling and feeding.  Seasonal  availability  and distribution of  food  resources  are  important  for  their behaviour  (Schmidt,  2010).  They  are  active  in  the morning  and  afternoon  with  some  resting  in  the midday  (Nakagawa,  1989).  During  the  morning  and afternoon  activity  periods,  time  is  spent  feeding, grooming, and on social activities, with grooming and social  activities  mostly  taking  place  in  the  morning (Hall, 1965). During the night, they rest on trees, on  the  edge  of  the  grassland,  and prefer  to  sleep  one individual per tree, except in the case of mothers with infants, who will remain together (Chism  et al., 1983; Fleagle, 1988). 
Their  flighty  behaviour,  low  population  density  and larger  home  ranges  make  observation  of  patas monkeys difficult in their natural  habitat  (DJong  et al.,  2009;  Schmidt,  2010).  They  also  use  different predator  escaping  techniques  such  as  running, watch fullness  and  crypsis  (Zihlman  and  Underwood, 2013;  Marshack  and  Pruetz,  2009;  Enstam  and Isbell,  2002).  Potential  predators  of  the  patas monkey  include  dogs,  humans,  felids,  hyenas, raptors  and  possibly  baboons  (Chism  and  Rowell, 1988;  Enstam  and  Isbell,  2002).  Chimpanzees also predate on patas monkeys but theyescape them by running on the ground rather than moving on the tree (Marshack and Pruetz, 2009). 
The  patas  monkey  lives  in  multi female troop of 20 to  over  75  individuals (Enstam  et al.,  2002;  Ohsawa,  2003).  The  troop  contains  just one  adult  male  for  most  of  the  year  (Arsuaga  and Ignacio,  2006).  In social groups of patasmonkeys, only females are permanent members.  Young males leave  their  natal  troop  shortly  before  adolescence and  females  remain  within  the  natal  troop  (GalatLuong  et  al.,  1994).  
Most  young  males  leave  their natal  troop  at  the  age  of  3  years,  which  is  before reaching  sexual  maturity  (Chism  et  al.,  1984; Nakagawa  et al., 2003).  
When they leave at sexual maturity, they may join an all-male group or may live a solitary lifestyle until they win positions in troops with females. Unlike  numerous  other  primate  communities,  patas females take a key role to lead their troop and protect their  home  ranges  from  intrusion  by other  troops. Adult males usually stay in their peripheral position at the back.  The  males  commonly  observe  the surrounding  environment  and  when  they  notice threats  they  move to the leading position of the troop (Yirga  et  al.,  2010).  The  males  play  a  role  in defending the troop from predators and other troops whereas protecting the young members from danger is the females’ activity (Loy, 1989).During  the breeding  season,  occasionally  non-resident males  will  enter  the  troop  and  mate  (Cords,  1987), but  usually only  the resident male is responsible for copulation  (Galat-Luong  et  al.,  1994).  The  resident male  generally  stays  on  the  edge  of  the  troop,  and only interacts with the females for breeding. Females will  harass  the  resident  male  if  he  is  nearby  during other  seasons  and  this  prevents  male  aggression towards females (Loy, 1989; Chism et al., 1984). Patas  males  involve  in  group  relationships  that enhance  their  mating  chances.  This is signalled during mating seasons,  in  which  arrivals  of  many males occur (Cords, 1988). This phenomenon serves as  a  strategy  to  prevent  infanticide  as  new  resident males  less likely engage due to the confusion related with  paternity  (VanSchaik,  1996).  When  aggressive new males invade the social system  of patas  during mating  seasons,  the  resident  male  evicts  the invaders  from  the  group  (Enstram  et  al.,  2002; Ohsawa, 2003).Females groom each other and let other adults and immature females take care of their infants (Chism  et al., 1984).
Whereas males  spend a large part  of their time  scanning  the  landscape  for  predators,  males from  other  troops  watch  each  other  so  that  they  are constantly aware of other individuals within the troop, which  may  serve  to  reduce  agnostic encounters and alerts  the  patas  in  a  troop  to  the  presence  of predators and to align  them. It may  also  serve as  a social  monitoring  process  and  helps  to  maintain coherence  of  troop  members  (Rowell  and  Olson, 1983; Hall, 1965; Nakagawa, 1992). 




Communication
Primates display a variety of social systems and this makes their communication more complex (Saltzman, et al., 2010). Patas monkeys rely less on olfaction.  This  might  be  due  to  absence  of marked  specialized  glands  and  scent-marking behaviours.  Tactile  communication  and  visual displays  are  the  common  mechanisms  of communication  in  patas  monkeys  (Walker,  1998). 
Particularly, communications through facial expression are prevalent.  Vocalizations are relatively less recorded in patas related with their silent behaviour.  Moreover,  the  exhibition  of  a  low frequency contact calls  in patas may be as a result of the  open  nature  of  their  habitat,  that  leads  to intensification of visual contact (Nakagawa, 1992).  In the communication of patas monkeys, signs such as body postures and facial expressions have a significant function (Yirga et al., 2010).
Geographic distribution 
Patas monkeys are distributed south of the Sahara and north of the tropical forest belt. They are found in habitats characterized by grasslands and wood land savannahs from Senegal to Ethiopia. In  East  Africa, they  exist  in  Uganda,  Kenya,  Tanzania, Ethiopia  and  Sudan (Isbell  and  Chism,  2007),  whereas  in  west  Africa, they are found in Mauritania, Mali, Niger, Cameroon, Togo,  Côte  d'Ivoire,  Ghana  and  Nigeria  (Rowe, 1996) (Fig. 2).  
[image: C:\Users\hp\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\patas-monkey-area_37.png]
Figure2. patas geographic range ,map credit :chermundy and IUCN

Conservation status
The IUCN Red List status of patas monkey is Least Concern (IUCN, 2008) because patas populations cover a wide area and at this time are not considered endangered. However, as the population continues to grow, the demand in the local economies for bush meat increasesWhile Africans have subsisted on bushmeat for centuries, the demand now is increasing causing the decline of the patas population. Patas monkeys are also captured for the pet trade and international medical research. It is estimated that 1000 patas monkeys are captured each year for these purposes. Another danger to this primate is loss of habitat. Agriculture has changed from natural, small farms, to larger full-scale plantation.Patas monkeys do not need dense woodlands, but they do need tall trees for protection,particularly at night with the destruction of wooded areas,patas monkeys will not thrive. The introduction of agriculture and the resultant free food that patas monkeys find there has caused conflict with humans. Farmers often retaliate against the raiding patas by killing considering them as pests(Jaclyn H.Wolfheim, 1983)







[bookmark: _Toc21972021]

3. Objective 
[bookmark: _Toc21972022]3.1. General objective 

The main objective of this study was to determine the daily activity time budget of captive gelada baboon heterosexual pair and a single patas monkey at the AALZ.
3.2. Specific objectives
The specific objectives of this study were: To
Assess variations in activity time budget between male and female gelada baboon.
Determine time budget investment and priorities in gelada baboon and patas monkey.
Determine variations in the distribution of time budget at different periods of the day; morning, mid-day and afternoon.
Assess variations in time allocation between gelada baboon and patas monkey.
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4. Methods 
4.1Description of the study area

Addis Ababa Lion Zoo (AALZ) is probably the only zoo in Addis Ababa the Zoo is located in Arada sub-city Woreda 6 near Yekatit 12 Martyr’s Memorial Monument at Sedist Kilo it was established in 1945 as a public park by Emperor Haile Selassie. The lions were collected from western and southern Ethiopia (Wellega, Ilubabor and Sidamo) areas. The local people gave these lions as a gift to Emperor Haile Selassie. There were two adult males (Molla and Lullu) with their females and three cubs that joined this cage at the beginning .The lions were kept at the Emperor’s Palace of Genet Luel, the present day Addis Ababa University Sidest Kilo Campus. Later on the lions were transferred to the presentlion zoo park in 1948 upon its establishment (Tefera, 2003). At the beginning the zoo was administered by Armenia Natives Muse Yakobe Frederic and it had staff of twelve gardeners and six zoo keepers. CurrentlyAddis Ababa Lion Zoo keeps 9 species of wild animals including lion(Pantheraleo),Geladababoon(Theropithecusgelada),Grivetmonkey(Chlorocebusaethiops), Maraboustorck(Leptoptiloscrumenifer),Tortoise(Aldabrachelysgigantean),Patasmonkey(Erythrocebuspatas),Lesserkudu,(Tragelaphusimberbis), Common duiker(Sylvicapragrimmia), Eagle(Aquila chrysaetos) (Table 1) . Presently the name of the Zoo is called Addis Zoo Park. This name was given in September 2012.
Addis Zoo Park was founded to strengthen the tourism economy of Addis Ababa and the country as a whole, to create research and educational opportunities, to arrange well organized Modern Park for wildlife conservation particularly to breed and increase the number of endemic animals and others threatened with extinction. The park is also established to fulfil the recreational demand of the residents of Addis Ababa and other parts of the country (Addis NegariGazeta, 2012). The total area of AALZ is estimated to be 13,000 m2 out of which 1,246 m2 is occupied by the shelter constructed for the animals, 8,250 m2 is covered by grass, flowers, and exotic and indigenous trees. The rest of the land is occupied by facilities like offices and foot paths.



Table1. List of species and number of individual animals kept at AALZ

	Number
	Common name
	Scientific name
	Number of individuals

	1 
	Lion
	Panther leo
	10

	2 
	Gelada Baboon
	Theropithecus gelada
	2

	3
	Grivet monkey
	Chlorocebus aethiops
	1

	4
	Marabou stock 
	Leptoptiloscrumenifer
	1

	5
	Tortoise
	Aldabrachelys gigantean
	6

	6
	Patas monkey
	Erythrocebus patas
	1

	7
	Lesser kudu
	Tragelaphus imberbis
	1

	8
	Common duiker 
	Sylvicapr agrimmia
	1

	 9
	Eagle
	Aquila chrysaetos
	1

	
	Total
	..
	24
















Apart from animals, the zoo encompasses different indigenous plants and trees such as YehabeshaTid (Juniperusprocera), Zigba (Podocarpusfalcatus), Weyira (Oleaeuropea)), Girar (Acacia abyssinica), Korch (Brassica nigra)  and different exotic trees.At present there are 50 permanent government employees in the AALZ (Table 2). 




Table 2.  Number of staff with job descriptions at AALZ

	
Number
	
List of employees
	
Total Number

	1 
	Zoo Administrator
	2

	2
	Gardner’s
	42

	3
	Cashier
	2

	4
	Veterinarian
	1

	5
	Feeders and keepers zoo
	3

	
	Total 
	50










Annual budget of the zoo is allocated by the government and this helps to cover salary   expenses for employees, feed for animals, utility and other expenses. The revenue collected from the lion zoo is directed to the Finance and Economic Development Office of the Arada Sub-city.
The current source of income Zoo includes entrance fee, contract fee of a restaurant and a shop. The average monthly income collected by the Zoo is Ethiopian birr 75,000 and the annual average income is supposed to be about 1million Ethiopian birr (Pre -feasible study report 2012 E.C).
The different fee categories at the zoo are listed below:
1. Entrance fee for adults -----------------------2birr
2. Entrance fee for children ---------------------1birr
3. Entrance fee for foreigners-------------------20birr
4. Entrance fee for foreign children’s----------10birr
5. Fee for photo camera--------------------------20birr
[bookmark: _Toc21972024]6. Fee for video camera--------------------------150birr
4.2. Study animals
This study was carried out on two species of primates from November 2020 to May 2019. The subjects in this investigation were two geladas (adult male and female), and one patas monkey (adult male).
Gelada baboon (Theropithecus gelada)
Two adult individual gelada baboons (a male and female) are kept in the park. Their approximate age is 16 and 15 years respectively (Person. Comm. Veterinarian in the Park). The pair was acquired from Behire-TesgePark in 2005 e.c (Person. Comm. Zoo keepers at).
The two species live in meshed cages and housed in their own distinctive indoor cage. Each cage is wired in the front, right and left sides, totally different from their respective natural habitat. It does not contain trees for climbing, grassland and rocks. It is simple cage without imitating the natural habitat. Each cage has an exhibit made from strong stitch pale and their skeleton made from metallic bars and fenced with a double row of metallic line and wire. There is the resting room to gelada baboon. The cages are made from a solid concrete(inside cage) and a metallic bar (exhibit cage).The doors are metallic and separate and made to be opened by pulling with a metallic stick  attached and projecting from each door. Inside the display area of gelada cage there are some materials like wheel for climbing, and stone-made bowl for water storage. 
Patas monkey (Erythrocebus patas)
[bookmark: _Toc21972025]There is a single male patas monkey at the zoo. Its age is estimated around 18 years.The cage size of the patas monkey was 18.24m2. The individual was acquired from a local donor to AALZ in 2000 (Person. Comm. Zoo keepers).
4.3. Data collection
The daily activity time budget of study animals was recorded using the direct observation method.Each group of animals (gelada baboon and patas monkey)were observed for 30 days each distributed in seven consecutive months(November 2018-May 2019).Each day was divided in to morning (8:00-11:00h),mid-day(11:00-14:00h) and afternoon(14:00-17:00h)covering a total of 9 hrs /day. The researcher and two assistants were involved in the data collection. Throughout each hour of observation activity records for pacing, feeding, observing, climbing, aggression, grooming, resting, and plying were tallied. Activities were defined as indicated in Table 3.
Table3. Description of behavioural activities used for data recording
	Number
	Activity
	Description of activity


	1
	Feeding
	Actively ingesting food or processing (chewing ) food item.

	2
	Pacing 
	Repeatedly walking back and forth across 

	3
	Resting  
	Sleeping , sitting or lying 

	4
	Grooming
	Using hands to explore or to clean the body of another gelada baboon(mutual grooming; the act of grooming between two individuals) or self-grooming


	5
	Playing

	Dancing in patas and on lookers play(watching others play without directly participating) or parallel play (playing side by side in a similar fashion)this may involve communication and mimicking each other’s plays in gelada baboon


	6
	Aggression
	 In patas aggression was provoked by a lesser kudu located near its cage, where as in gelada, when male and female visitors hugged each other especially the male gelada was interested to look after ladies crying as a result of aggression


	7
	Observing
	Seeing, and watching the outside environment


	8
	Climbing
	Inside the cage there is wheel and ladders(made from metal stick and wood)  helping for climbing 


[bookmark: _Toc21972026]4.4. Data analysis 

The percentage proportions of displayed activities were calculated by dividing the number of records of a given activity by the total number of records of all activities combined.

% of activity time budget=   the number of records of a given activity      X 100
                                                     Total number of all recorded activities
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5.  Results
[bookmark: _Toc21972028]5.1. Gelada baboon

Over all time budget
Both gelada individuals used most of their time for resting (male=30%; female=32%). Resting was followed by observing (male=18%; female=22%) and feeding (male=15%; 20%). The lowest time allocation was observed for grooming (male=2%; female=2%) and aggression (male=5%; female= 2%). The time budget for both male and female gelada baboon showed similarity for all activities except for climbing, where the male had higher percentage (15%) compared to the female (6%) (Fig. 2)


Figure3. Overall percentage proportion of allocated time by male and female gelada





Daily time budget distribution
The male gelada showed slight increase on allocated time for Observing as the day progresses (morning=16.25%; 18.595 midday; 19.14% afternoon). Grooming was also highest in the afternoon (2.57%) compared to the morning and midday (1.74-1.77%) (Table4). 
Table4. Time budget of the male gelada baboon during different parts of the day
	Number
	Activity 
	Time of observation 

	
	
	Morning 
	Midday 
	Afternoon 

	
	
	Number of observations
	Percentage 
	Number of observations
	Percentage
	Number of observations
	Percentage

	1
	Resting
	1643
	30.42
	1639
	30.35
	1522
	28.18

	2
	Feeding
	897
	16.61
	822
	15.2
	830
	15.3

	3
	Observing
	878
	16.25
	1004
	18.59
	1034
	19.14

	4
	Aggression
	284
	5.25
	237
	4.38
	250
	4.62

	5
	Play
	227
	4.20
	219
	4.05
	222
	4.11

	6
	Climbing
	640
	11.85
	564
	10.44
	563
	10.42

	7
	Pacing
	735
	13.61
	821
	15.2
	840
	15.55

	8
	Grooming
	96
	1.77
	94
	1.74
	139
	2.57






The female gelada on the other hand, did not show any observable variation in her time budget allocation during the three different time blocks of the day except for feeding which was more frequent in the afternoon (21.3 %) compared to the morning and midday (just a little more than 19%) (Table5).
Table5. Time budget of the female gelada baboon during different parts of the day 
	Number
	Activity 
	Time of observation 

	
	
	Morning
	Mid-day
	Afternoon

	
	
	Number of observations
	Percentage 
	Number of observations
	Percentage
	Number of observations
	Percentage

	1
	Resting
	1728
	32
	1752
	32.46
	1606
	29.7

	2
	Feeding 
	1033
	19.13
	1051
	19.46
	1153
	21.37

	3
	Observing
	1137
	21.05
	1151
	21.31
	1184
	21.92

	4
	Aggression
	104
	1.92
	91
	1.68
	79
	1.16

	5
	Play
	227
	4.2
	219
	4.05
	222
	4.11

	6
	Climbing
	351
	6.5
	332 
	6.14
	323
	5.88

	7
	Pacing
	724
	13.4
	710
	13.14
	694
	12.85

	8
	Grooming
	96
	1.77
	94
	1.74 
	139
	2.57
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5.2. Patas monkey

Over all time budget
Similar to the gelada baboons, the patas monkey also allocated the highest time for Resting (26%) followed by climbing (22%) and observing (17%). Activities of Aggression (1%) and Playing (8%) were the least activities.


Figure 4.Overall percentage proportion of allocated time by patas monkey


Daily time budget distribution
There was no marked difference in the distribution of time allocation within the day. However, there seems an increased frequency of climbing in the afternoon (22.24) compared to the morning (20.66%) and midday (21.48) (Table 6).
Table6. Time budget of the female gelada baboon during different parts of the day 
	Number
	Activity 
	Time of observation 

	
	
	Morning 
	Mid-day
	Afternoon

	
	
	Number of observations
	Percentage 
	Number of observations
	Percentage
	Number of observations
	Percentage

	1
	Feeding 
	793
	14.68
	742
	13.74
	722
	13.37

	2
	Climbing
	1116
	20.66
	1160
	21.48
	1201
	22.24

	3
	Observing
	918
	17
	979
	18.12
	984
	18.22

	4
	Aggression
	57
	1.05
	58
	1.07
	43
	0.79

	5
	Play
	427
	7.9
	389
	7.2
	429
	7.94

	6
	Pacing 
	711
	13.16
	617
	11.42
	625
	11.57

	7
	Resting
	1378
	25.51
	1455
	26.94
	1396
	25.85
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5.3. Comparison of gelada baboon and patas monkey time budget

The time allocation by the two primate species appeared similar. The observable difference was in climbing where more time was allocated by the gelada (21%) compared to patas monkey (13%) (Fig4).

Figure5. Time budget allocation by gelada baboon and patas monkey








6. Discussion
According to Dunbar (1992), time spent for different activities in animals is an indication of balancing energy budget .The activity budgets of captive primates in Addis Zoo Park were different from the wild primates. The results showed their time budget is different from wild primates. For example, the activity time budget of gelada in the wild showed feeding (45.2%), moving (20.4%), resting (13.8%) and socializing (20.5%) in Sankaber area (Iwamoto and Dunbar, 1983). The same is true in Gich area where feeding was 62.3%, moving 14.7%, resting (5.2%) and socializing 16.0% (Woldegeorgis and Bekele 2015). However, in Addis Lion Zoo the gelada baboons and patas monkey spent more time on resting, observing and climbing than feeding and moving. The high proportions of time allocated for resting could be explained by the confinement in the small spaced cages. 
Grooming maintains social relationships, yet these activities accounted for a relatively small proportion of the time budget of the baboons in the zoo and there was no variation in morning mid-day and afternoon periods. Greater understanding of activity pattern and budgeting will allow for better management for captive animals and allow conservation efforts to be correctly focused for wild animals. Both male and female gelada spent most of their activity time budget for resting and observing. Similarly, the patas monkey spent most of its time resting, but climbing was its second most frequent activity. The patas monkey also showed more playing and climbing activity than the two baboons and this may be partially explained by the relative large size of the cage of the patas monkey that allows more freedom of movement. 
These primates also totally depend on the food from the zoo keepers resulting in a decline in time budget spent for feeding. The additional time spent in resting must have been compensated for by a decrease in time allocated for moving or feeding. This is in line with the idea that time commitment to certain behaviours are more elastic and tend to accommodate for environmental variability (Bubier, 1996). 




The impact of captivity and living conditions
This study is the first to document the time budget of captive primates at the AALZ. The size of the cages used to maintain these primates is too small to perform their daily activities. This may create stress on these animals. The gelada pair still did not reproduce even if they are matured adults, which could be a result of stress-induced reproductive suppression. Poor captivity environment may have negative impact on the behaviour of animals (Carder and Semple, 2008). 
Primates housed in unnaturally barren environments or small exhibits are deprived of appropriate stimuli for the expression of a natural behavioural emotions (Reinhardt and Roberts, 1996). In this study, the captive primates especially gelada showed begging of food which is not observed in the wild. 
Scientists emphasize that no single factor should be used to determine the size of enclosures for captive primates. Instead, a group of factors which include the individual's morphometric, physiological, ecological, social and behavioural characteristics should be used to determine the adequate enclosure sizes for captive primates (Prescott and Buchanan-Smith, 2004).
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7. Conclusion and Recommendation 

Conclusion 
Animals can change their behaviour to adapt to the habitat changes, but too much changed environment can lead to modification in their behaviour. The present research shows that the size of the cage affects the behaviour of captive primates at AALZ. The time budget allocated by patas monkey and gelada baboons varied in feeding, aggression and moving but they spent almost equal time on resting. 
Recommendation 
The following recommendations are forwarded based on the results and personal observations at the zoo:
A diet similar to their wild diet should be provided for the captive primates, and the space in which they are kept should take in to account their activity budget and movement needs.
Unique behaviors were performed by the male gelada when male and female visitors hugged each other. Especially the male gelada was interested to look after female visitors. This modified behavior should be studied in the future.
Addis Zoo Park should fulfill the international standard of zoo parks to create conducive environments for captive primates and other animals in the zoo.
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Appendix 1 Daily activity pattern record sheet
	NUM.
	Activity 
	Time of observation 

	
	
	Morning (2-5)
	Mid-day (5-8)
	Afternoon(8-11)

	
	
	2-3
	3-4
	4-5
	5-6
	6-7
	7-8
	8-9
	9-10
	10-11

	1
	Resting
	
	
	
	
	
	
	
	
	

	2
	Feeding
	
	
	
	
	
	
	
	
	

	3
	Observing
	
	
	
	
	
	
	
	
	

	4
	Aggression
	
	
	
	
	
	
	
	
	

	5
	Play
	
	
	
	
	
	
	
	
	

	6
	Climbing
	
	
	
	
	
	
	
	
	

	7
	Pacing
	
	
	
	
	
	
	
	
	

	8
	Grooming
	
	
	
	
	
	
	
	
	



















male 	RESTING	Feeding	OBSERVING	AGGRESSION	PLAY	CLIMBING	PACING 	Grooming	29.65	15.73	18	4.75	4.12	14.79	10.9	2.0299999999999998	female 	RESTING	Feeding	OBSERVING	AGGRESSION	PLAY	CLIMBING	PACING 	Grooming	31.39	19.98	21.43	1.69	4.12	6.2	13.13	2.0299999999999998	Activities

percentage 


patas monkey total activity 
Series 1	FEEDING	CLIMBING	OBSERVING	AGGRESSION	PLAY	PACING 	RESTING	13.93	21.46	17.78	0.97	7.68	12.05	26.1	Activities

percentage 

patas 	feeding 	climbing	observing	aggresion	playing	pacing	resting	grooming 	13.93	21.459999999999994	17.779999999999994	0.9700000000000002	7.68	12.05	26.1	0	gelada	feeding 	climbing	observing	aggresion	playing	pacing	resting	grooming 	17.850000000000001	8.5500000000000007	19.71	3.22	4.1199999999999983	13.96	30.52	2.0299999999999998	Activities
percentage 
1
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