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CHAPTER I 
INTRODl CTION 

This thesis consists of three separate manuscripts written in the fOlmat fo r Zoo 

Biology. Each of the following chapters is compl te in and of its If. Chapter IT discusses 

the behavioral aspect of my research on the mandrills at the Tulsa Zoo. Chapter III is an 

analysis of the spatial use of the Tulsa Zoo exhibit by the mandlills, and Chapter IV 

investigates the social proximity of the captive mandlills. 

1 



CHL\PTER II 

BEHA VlORAL ANALYSIS OF THREE DIFFERENT GROlJP 
COMPOSITIONS OF M<\NDRILLS AT THE TULSA ZOO. 

The social behavior of three different group compositions of captiv mandrills 

(Mandrillus s hin'\:) was assessed at th T ulsa Zoo in Tulsa, Oklahoma. From November 

199 5 to August 1996, many changes occUlTed in the mandrill group re ulting from the 

removal of animals and a reintroduction of two females. en"OUp composition 1 was a 

multi-male group, while group compositions 2 and 3 were uni-male groups. differing only 

in the number of femal s. Data were collected using all occurrence and instantaneous 

sampling on a focal animal. For instantaneous sampling, foca ls were observed for ] 0 nun 

intervals with behavioral data being recorded eveIY 30 sec. Behaviors w r grouped into 

the following categories : Agonistic, Sexual, Affiliative, Active onsocial, and Inactive 

2 

Nonsocial. Chi-square tests on the behavior categolies indicated that individuals differed in 

their frequencies of behavior depending on the group composition (p' 0.00] ). Dominance 

hierarchi s weI' constructed fo r each group composition using the frequencies of agonjstic 

behaviors between each dyad. Matrilines were ranked in many cases due to the infrequenl 

agOtustic behaviors among kin. The all occun'ence rates of agonistic and affiJiative behavior 

for the different group compositions were found to be not significantly different using the 

l(ruskal-"Vallis test. The multi-male group (group composition 1) did nol differ from the 

uni-male groups (group compositions 2 and 3). The different number of females in group 

compositions 2 and 3 also had no significant effect on the agonistic or affiliative rate. 

en"OUp composition changes, resulting from the remova l of the dominant male and the 

reintroduction of the 1\vo females. altered the dominance hierarchy significantly. 



Key words: agonism, dominance hierarchy, Mandrillus sphinx, primate 

INTRODUCTION 

The mandrill (Mandrillus sphinx), a member of the Old-World monkeys 

subfamily Cercopithecinae, is found in the rainforests of equatorial west Mrica. with 

Gabon containing perhaps the largest portion of the remaining mandrills [Feistner el al. , 

1992]. Since mandrills are elusivt: and th ir environment densely forested, it is difficult to 

study them in the wild [Nonis, 1988; Wickings and Di.xson, 1992]. Since studies in th 

wild are so difficult. captive studies of mandrills are of great benetit and supplement the 

data obtained in the wild [Mellen et aJ. , 1981]. 

The mandrills at the Tulsa Zoo have been stu died previously for their 

reproductive characteristics, such as age of first swelling and conc ption, and gestation 

length [Bettinger et aI., 1995], and behavior [Hartley et al. , 1996; Terdal. 1996]. Many 

changes occun-ed in the composition and size of the mandrill group at the Tulsa Zoo. 
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which resulted in a continuation of the research on this group. Behavior was observed, and 

comparisons of the behaviors in the different group compositions were made. The effects 

of changing group composition and group size on the behavior of the mandlills can be 

valuable infonnation fo r zoos in detennining the best means of housing this species. 

King and Mitchell (1987) suggested that the best way 10 house mandrills in zoos 

was in a single male, multi-female condition. Multiple males in a group were thought to 

increase aggression (Crandall, 1964). The ability to house multiple males in a group is 

important for zoos. since available space is a constant problem. Del nnicing whether 



increased agonism is the result of the number of mal s or female. is aluable infOlmation. 

A greater understanding of the species may al a be gained through such a tudy. 
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The small group size (an average of 4) of zoo mandrill' limits the value of 

extending results to wild mandrills. AbnOlmal behavior is common in most zoos [Feistner, 

19903- which also limits the application of results to the management of wild mandrills. 

The captive mandrills at the Tulsa Zoo, in Tulsa, Oklahoma. ar excellent subjects, 

especially because the group is larger than at most zoos. 

l\1ETHODS 

Grou p Com posit ion 

During the course of the study, group composition changed tlu"ee times due to 

removals and reintroductions. Life history data on each mandrill is given in Table 1. 

Individuals were classified as adult at the age of 5 years, and j uvenile when younger. No 

infants were present in this study. All mandrills belonged to one of three matrilines (Figure 

1) and all were born at the Tulsa Zoo, except for the three matriarchs. AF A] came from 

Dallas Zoo, TX. AFD 1 from Reid Park Zoo, AZ. and AFPl from Brookfield Zoo, II.. 

Table 2 includes a description of the events leading to the various changes in group 

composition. 

Individuals were given an i<1 for the purposes of this analysis (see Appendix) 

which included infOlmation on the age, sex, matliline, and the age of the animal within the 

matriline. Each id consisted of three letters followed by a number, an example was AFD 1 

fo r Darla. The A designated an adult animal (1 if the animal was a jU'v'enile), the F for 

female (1'-.·1 for male), D indicated the Darla matriline (other matrilines include Annie-A and 



Pearl-P), and the 1 showed that this individual was the oldest of the matrilin (Offspling 

began at 2 with oldest offspring receiving th lowest number). 

Exhibit Design 
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The mandrills weI' housed in a grotto-style exhibit that faced east, and wer 

locked outside whenever the temperature was above 18.3 °c and locked in when it was less 

than 4.4 0c. Between 4.4-18.3 °c the animals were given access to the d n. Wind chill, 

moisture, and other weather conditions prompted occasional depal1Ure from these 

guidelines. The exhibit was sun-ounded by a dry moat on three sides, and logs were placed 

on the exhibit. The mandrills had free access to the 6.7 m deep moat. The outsid exhibit 

was 50 x 16.6 m with a back wall measUIing 6.7 m high. The inside of the grotlo consisted 

of four 3.3 x 6.7 m d ns and the off-exhibit, outdoor area was 5 x 4 m. The grotto 

consisted of various levels some of which were concrete while others had dil1 or grass. 

Most of the levels were 15 cm higher or lower than the others, while the levels in the 

southwest comer were 2.4 m high at the highest point and were covered by an overhang 

from the grotto wall. 

'Method of Observation and Ana lysis 

The mandrills at the Tulsa Zoo, Tulsa, Oklahoma, were observed between 

November 1995 and August 1996. Instantaneous sampling was used to observe an 

individual fo r 10 min. , recording the behavior of the focal animal at 30 sec intervals. An 

ethogram was altered from a previous study designed by T. Bettinger in 1993 at the Tulsa 

Zoo (see App ndi,,). Behaviors were also grouped into categories, such as Agonistic. 



Affiliative, Sexual, Active onsocial, and Inactive on ocial. All OCCUlT nce agonistic, 

affiliative, and exual behaviors were also recorded throughout the 10 min. ob ervation 

period on a focal animal. The order of observing each mandrill wa chosen at random 

before data collection began. There were differing amount of observation time for each 

group composition which were accounted for in th analysi ·. Group composition 1 was 

observed for 12.5 hrs. , group composition 2 for 46.8 hrs, and group compo ition .3 for 

11 9.8 hrs. Within a group composition, individuals were observ d for an approximately 

equal amount of time. 
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Data were entered into PcFil , and Window ' SAS was us d in the analyses of this 

study. The frequencies of the different behavior groupings, such as Agoni tic, Afiiliative, 

Sexual, Active 'onsocial, and Inactive Nonsocial were calculated. The frequencies of 

behaviors were compared for all of the individuals across the group compositions using chi

square. 

The all OCC UlTence rates of agonistic and affiliative behaviors were calculated for 

each group composition. The valiances of the different group compositions were found to 

be significant using Levene's test for agonistic but not for affilia tive behaviors (affilialive 

F=0.44, p=O.6471; agonistic F=3.43, p=0.0472). Because of the unequal variances 

between group compositions for agonistic behavior, the Muskal- Wallis test was used to 

compare the rat s of agonistic and affiliative behavior for the three group compositions. 

Dominance hierarchies were constructed by calculating the frequency of wins and 

losses between each pair of individuals in each group composition. The agonistic behaviors 

recorded from the instantaneous scan sampling and all occurrence observations were used 



in this analysis. Due to the infrequent occurrence of these behaviors between moth rand 

offspring and between siblings, the re ulting dominance hierarchies only ranked matrilin s. 

RESULTS 

Chi-square Analyses on t he Behavior of Individ uals Across t he G rou p C om positions 

Using the behavior cat gon es, Active onsociaL Aifiliative, Inactive on social. 

and Other, the comparisons of each individual across the different group compositions 

indicated significant differences in rates of behavior (p<O.OOl) . The category "other" 

included the low frequency behavior categories, sexual and agonistic. Individuals present 

in only one group composition were not used in this analysis. Depending on the group 

comp osition, individuals were found to alter their behavior frequencies. 

Dominance Hierarch ies 
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Hierarchies were constructed using agonistic behaviors. Ranking individuals was 

difficult due to the lack of these behaviors among kin. In these cases, the matrilineal rank 

order was given by indicating th e mother of each group of individuals. The female 

dominance matrix for group 1 (Figure 2) resulted in the matrilineal hierarchy: D (Darla ), 

A (Annie). P (P .ar1). The placement of AF A l was unceltain in the hierarchy due to the 

Jack of agonistic behaviors between this female and several other females. The male 

dominance hierarchy for group composition 1 was AIvlD2. AIvIP2, AMD4, and JMA4 

(Figure 3 ). The female dominance matrix for group composition 2 resulted in the 

following matrilineal order: A (Annie). P (Pearl). and D (Darla) (Figure 4 ). Group 

composition 3 females were ranked in the overall matrilineal order of A (Annie), P (Pearl ), 



and D (Darla) (AFD3 was omitt d from the matJi..,x) (Figure 5). I umerous rever a1s were 

found in the overall dominance matrix which indicates that th dominance hierarchy wa 

not stable over time. For this reason, the hierarchy was determined on a weekly basis 

(AFD3 was present during weeks 1 and 2) (Table 3). Most of the hierarchy changes were 

among the lower-ranking females, with the alpha and beta female (JF 3 and AF 2) 

remaining fairly consistent. 

Obse."vations on All Occurrence Agonist ic Behavior Across the Different Group 

Compositions 

The average, all occurrence, agonistic rate for the three group compositions were 

16.2, 13.3, and 15.1 respectively. In group composition 1 (Figure 6), th highest rat s of 

agonistic behavior were displayed by the related dominant male and female, AMD2 and 
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FDI , and a related subordinate male AMD4. AMD4, a relative of the dominant male, 

receiv d the highest rate of agonistic behavior, unlike AMP 2, an older male, who initiated 

the aggressive behavior the majority of the time. JF A3 and JFP 3, two subordinate females, 

only received agonistic behavior. In group composition 2, the dominant male and female, 

AMP2 and .TF A3, showed the highest rates of agonistic behavior (Figure 7). Subordinate 

females, AF05. AFD l and JFP3 received high rates of agonistic behaviors. In group 

composition 3, the highest agonistic rate was display d by the dominant female, .W A3. 

Subordinate females, JFP3, AFD5. JFD6. and AFD I received the most aggression of any 

group members. Due to the removal of AF03. a reintroduced female, early dUJing the 

observation time for this group composition, her agonistic rate may not be accura te (Figure 

8). 



Observations on Affi liative Behavior Across the Different G roup Compositions 

The average, all occurrence. affiliativ rates for the three group compo itions 

were 13.8, 15. 5, and 16.5 respectiv ly. Group composition 1 individuals NvID4 and 
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JF A3, a subordinate male and female, displayed the highest affiliative rates. The dominant 

female, AFD 1, and JF A3 received the highest amount of affiliative behavior. Th1A4 and 

AlV1D4, a sub-adult and adult male, frequently were observed playing. Older males. 

AlVID2 and Al\1P2, spent less time engaging in aitwative behavior than f, males, and the 

males were found to display rather than ree ive this behavior (Figure 9). Dominant 

individuals JF A3 and AMP2 had the highest affiliative rates in group composition 2. 

JF A3, AF A2 (Beta female), and AFD 1 (low-ranking female) received the highest rates of 

affiliative behavior (Figure 10). JFD6, a reintroduced female, had the highest affiliative 

rate given and received in group composition 3. Due to the removal of AFD3, another 

reintroduced female, early during the observation time for this group composition, her 

affiliative rate may not be representative (Figure 11). 

Sexual Behavior Rates For Each Group Composition 

The average, all occurrence rates for sexual behavior for each group composition 

were 0.6. 1. 0, and 0. 8, respectively. 

Comparison of the Different Group Compositions for their Rates of Agonistic and 

Affil iative Behavior 



The all occurrence rates for each individual were calculated and the differ nt 

group compositions were compared using the Kruskal-Walli test. Th affiliativ and 

agonistic rates were found to be not significant aero s all group compositions (affilia tive 

p=O.6337; agonistic p=O.6665). The different group compositions did not differ in their 

aftiliative and agonistic rates. 

E ffects of Reintroduction of Two Females on Affiliative and Agon istic Behaviors 

10 

The changes on a weekly basis in the agonistic and afftliative rates after the 

reintroduction of the two females were presented in Figure 12. We k 1 was part of the 

"Howdy" period, when the alpha male was reintroduced to the two females, AFD3 and 

JFD6, after the two females had been "Howdied" to the group by allowing visual, 

olfactory, and auditory access to the two females in the den. During weeks 2 and 3, group 

composition 3 individuals were present, including AFD3 and JFD6. Weeks 4-11 one of 

the reintroduced females, AFD3, was removed fi'om the group. The agonistic rate 

increased after all individuals were placed together, until the removal of AFD3 in week 4. 

After this time, agonism slowly decreased as the dominance hierarchy was reestablished. 

The afftliative rate fluctuated as the dominance hierarchy stabilized. 

DISCUSSION 

Dominance Hierarchies 

Dominance, or social rank of an animal, detennines the resources the animal can 

attain, including mates. foo d. and grooming paliners . Dominance hierarcr~es become 

increasingly unstable as the groups become larger [Dunbar, 1988]. For some baboon 
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females, slatus is at least partially inh riled, while males must win th if status [Hausfat r 

] 975; Altmann, 1980]. A £ male mandrill ' rank changes during estrus a the female gams 

the attention of the alpha male. The social stability of a group may fiuctuat due to 

changes in group size, age of individuals, or by death of important individuals [Calm nares 

and Gomendio, 1988; Mason, 1993]. The death of the old alpha male at Tulsa Zoo 

resulted m high agonistic levels for two years, with change in both the mal and female 

hierarchies [Hartley, 1996]. 

The ranking of kin was difficult due to the lack of agonistic behaviors bet\'Veen 

related individuals. For this reason, matrilines were ranked instead. In plimates, mothers 

may rank above daughters or daughters may rank above mothers depending on the species. 

In Japanese macaques, it was found that offspring ranked in reverse order of their ages at 

least till adolescence, and mothers usually outranked their offspring [Kawamura, 1958; 

Kawai, 1965 ; Koyama, 1967; Sade, ] 967; Missakian, 1972]. Adult daughters, with the 

youngest being highest ranked, could outrank their mothers in langurs, geladas, baboons, 

and howler monkeys [Hrdy and Hrdy, 1976; Dunbar, 1980; Jones, 1980; Sigg, 1980; 

Hausfater et aI. , 1982]. No literature was found to indicate which occurs in mandrills, but 

presents an interesting future study. 

Matrilines may be ranked in large groupings of macaques [Kawamura, 1958 : 

Kawai, 1965; Koyama, 1967]. Females, especially, have been found to come to the aid of 

their relatives, formmg alliances so that grouping individuals in matrilines is appropriate 

[Marsden, 1968; Kaplan, 1977; Massey, 1977; Kaplan, 1978]. Matliline rank in macaques 

was found to be dependent upon the power of the dominant member in small groups, with 

the matriline size being unimportant [Dunbar, 1980; Fa, 1986]. In large groups of 



macaques, matriline size was found to influen e matriline rank [Mori, 1975; Sade et al .. 

1976]. Larger matrilines in general hav been found to be dominant over smaller 

matrilines [Silk and Boyd, 1983]. 
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Altering the group composition affected the dominance hierarchy. The removal 

of the dominant male wa the main cause of the differing hierarchies between group 

composition 1 and 2. With the removal of the dominant male AMD2, the D (Darla) 

matriline did not remain dominant under the new alpha male, Al\IIP2. Perhaps surpri 'ing is 

the fact that the P (Pearl) matriline, to which the new alpha male belonged, did not rise to 

the alpha position. Instead, the A (Annie) matliline, the largest matriline, gained the alpha 

female position. The reintroduction of the two females in group composition 3 also 

destabilized the female hierarchy. AFD3 attempted to gain the alpha position which 

resulted in her serious irljury. With the removal of AFD3, the other reintroduced femal . 

JFD6. settled into a low-ranking position with her matriline. 

Linear hierarchies are rare in wild populations of primates, but tliangular 

relationships, reversals and "central hierarchies" are common IGaJ11an, 1968] . oresl

living primates have less well-defmed dominance hierarchies and rare dominance 

interactions compared to plimates living in open areas [Jouventin, 1975]. Gartlan (1 968 ) 

stated that the presence of more pronounced and rigid hierarchies and higher levels of 

aggression in captivity, negates the behef that dominance hierarchies reduce aggression. 

Captivity increased the social interactions of the primates and the Ie" el of stress, lea~Jlg the 

individuals little means of escape from social interactions . Compaling a captive and wild 

baboon group, it was found that the captive baboons had a straight-line hierarchy [Rowell, 

1966], while wild baboons had no obvious hierarchy. 



Observations on Agonistic Behavior 

The surprising difference in the agonistic frequency betw en th two male in 

group composition 1 may be the result of AMD4 r maining within the group to give and 

receive agonistic behavior, while AMP2, on the other hand, remained in the periph ry of 

the group thus reducing the opportunity for aggressive interactions . 
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Since the agonistic rates for the group composition were not significantly 

different, it cannot be said that the number of mal s in the group caused increas d rates of 

aggression. The number of females in the uni-male groups also did not cause a significant 

difference in the rates of aggression. Future studies are needed to prove that the number of 

males or females does not affect the rate of agonistic behavior. 

Aggression is more frequent in captive mandrills than wild mandrills [Rowell, 

1967; Gartlan, 1968]. Females and matriline composition were fo und to play an importan t 

role in a group ' s agonistic interactions in a previous captive study at the Tulsa Zoo. 

Twelve y ars of daily k eper reports were analyzed to evaluate detennine any causes of 

aggression. It was determined that the number of adult'l present in the group best 

accounted for any changes in aggression. Both males and females were found to 

pat1icipate equally in agonistic interactions. All matrilines were also found to have roughly 

equal, overall rates of agonistic behavior, although the DL matriline, with twice as many 

members, initiated 2-3 more aggressive bouts, and received twice as many submissive 

behaviors [Hartley et aI., 1996]. 

Reintroducing the two femaies was found to increase the amount of contact 

aggression, leading to the serious injury of one of the reintroduced females as she quarreled 
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with the existing alpha female. Feistner et al. (1992) advised that th male of a h captive 

group should be replaced every 3 year to pre ent inbre ding. This suggestion may be 

warranted but must be balanced against the risk that introducing new individuals to the 

group may result in increased aggression, altered hierarchies, and serious injuries. 

Observations on Affi liative Behavior 

Affiliative behavior was displayed by the males more often than it was receiv d. 

This higher rate of displayed behavior was not du to the amount of grooming since males 

were not found to groom other males or any females. All grooming was directed toward 

the males from females. 

The different group compositions did not differ in their rates of aftiliative 

behavior. The number of males or females in the group did not significantly alter the rate 

of affiliative behavior. 

Observations on Sexual Behavior 

The highest average, all occurrence rate of sexual behavior was for group 

composition 2, when AMP2 became alpha male for the fU'st time. The high rate may be 

the r suIt of the new alpha male asserting his dominance over the females to strengthen his 

position. It could also be the result of his novel ability to copulate with females without the 

threat of a another more dominant male. The females may have developed genita1 

s\ ellings as a result of the novel alpha male. The presence of multiple males in a group 

may also reduce the ability of an alpha male to display this behavior. The alpha male in 

group composition 1 may have been too busy chasing the other males and maintaining his 



dominance to copulate with females. The lower rate of exual b havior in group 

composition 1 was surprising due to the number of males who might engage in this 

behavior. 

Differences in Behavior Depending on the Group Compositions 

15 

Individuals differed benveen group compositions in their frequencies of behavior, 

indicating that group composition changes may have an influence on the behavior or 

mandrills. These changes in the behavior displayed may be the r suit of individuals 

changing positions in the dominance hierarchies . Other possible causes of th s 

differences may be group size, season or age of the individual. 

CONCLUSIONS 

1. Changing the group composition either by removing or reintroducing 

individuals was found to have a profound effect on the female dominance hierarchy. 

Altering the male hierarchy was found to alter the female hierarchy. 

2. The number of adult males in a group composition did n01 have a significant 

effect on the rate of agonistic behavior. 

3. Increasing the number of females also did not cause a significant increase in 

the rate of agonism. 
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Table 1: Life History Data on Mandrills at the Tulsa Zoo. 

l ID HOUSE SEX BIRTH- AGE AT STUD 
NAME DATE START BOOK # 

STlTDY 
(YRS.) 

M1D2 BOOMER M 5/21187 8 486 
M1P2 SABR E M 9/09/88 7 522 
Al\1D4 L.c. M 9/10/89 6 549 
.Th1A4 LBM M 7/09/93 2 828 

AFAI ANNIE F 8/18/75 20 212 
AFDI DARLA F 6/20/79 16 286 

, AFPl PEARL F 1105/85 11 421 
AFD3 IVY F 7/19/88 6 518 
AFD5 DARCY F 10/05/90 5 585 
AFAl ANGIE F 10/17190 5 586 
J FD6 PATIENCE F 10/12/9 1 4 690 
J FA3 P ANDORA F 2/10/92 4 691 
JFP3 TANIMIE F 4/28 /92 4 1 692 I 

Information taken from Tulsa Zoo records. 



Table 2: Sequence of Events Leading to Group Composition Changes and the 
Individuals Comprising Each Group Composition. 

Group Dates ! Grou p Mem bers Comments 
Composition 
# 
1 11/19/95- 3 adult males, 1 subadult 

12/19/95 male, 5 ad ult females, 
2 su bad ult females 

12/18/95 Adult male, AlvID4, 
removed after inj uries 

DATA NOT 12/20/95- 1 ad ult male, 1 su bad ult Split mandrills into 2 
USED 4/9/96 male, 2 adult females, 1 grou ps. 

subadult female 

22 

--

, 
I 2/23/96 

Alpha male, AlVID2, 

J removed. 
I 1 ad ult male, 1 subadult 2 groups reunited under .a 2 4/10/96-

5/20/96 male, 5 adult females, 2 new alpha male, AMP2. 
su bad ult females 

-

. DATA NOT I 5/21/96- 1 adult male, 1 adu lt 2 previously re moved 
! 

I lSED 5/28/96 fema le, 1 su badu lt female females, A FD3 and .J FD6, 
reint roduced to alpha male 

3 I 5/29/96- \ adult male, 1 subad ult 2 females reintrod uced to 
6/5/96 male, 6 ad ult females, 3 the group. 

subadult females 

I 6/6/96- 1 adult male, 1 su badu lt Reintrod uced female, 
I 8/24/96 male, 5 ad ult females, 3 AFD3, suffered injuries 

and was removed from the 
grou p 

I 

I 
~ subadult fema les 

-
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Figure 1: Three Matrilines of the Tulsa Zoo Mandrills List d by Age (!\10th rs at the top) 
Along With the ID Used During the Study for Each Animal. 



ANNIE DARLA PEARL 
AFAl AFD l AFPl 
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ANGIE BOOME R SABRE 
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Figure 2: Dominance Matrix for the Females in Group Composition 1. 



WINNER 
LOSER AFDl AFD5 JFA.3 AFA2 AFAl AFP l JFP3 
AFDl --.--------- 0 0 0 0 0 0 
AFD5 0 --------- -- 0 0 0 0 0 
JFA3 4 4 ----------- 0 0 0 0 
AFA2 11 1 1 ----------- 0 0 0 
AFAl 2 3 0 0 ----------- 0 0 
AFPl 8 [ 8 1 7 0 ----------- 0 
JFP3 2 1 0 2 6 1 -----------
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Figure 3: Dominance Matri x for the Males in Group Composition 1. 



WINNER 
LOSER AMD2 AlVfP2 A~ID4 .JMA4 
AMI)2 ------------------- 0 0 0 
AMP2 5 ---------- --------- 2 0 
AMD4 35 7 ------------------- 0 
JMt\.4 1 0 2 -------------------
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Figure 4: Dominance Matrix for the Females in Group Composition 2. 



WINNER 
LOSER JFA3 AFA2 I AFAI AFPl JFP3 AFD I AFD5 
JFA3 ---------- - 0 0 0 0 0 0 
AFA2 13 ----------- 0 2 0 0 0 
AFA I 11 22 - --- - ------ 0 0 0 0 
AFPl 9 27 12 - ---------- 1 0 0 
JFP3 12 33 34 2 ---------- - 0 0 
AFDI 18 9 17 5 17 ----------- 0 
AFD5 16 18 28 13 24 1 -----------

... 
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Figure 5: Dominance 'Matrix for the Females in Group Compo ition 3. 
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Figure 6: All Occurrence Rates of Agonistic Behavior Given and Received for the 
Individuals in Group Composition 1. 
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Figure 7: All Occurrence R ates of Agonist ic Behavior Given and R eceived for the 
Individ uals in Group Composition 2. 
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Figure 8: All Occurrence Rates of Agonistic Behavior Given and Received for the 
Individ uals in Grou p Com position 3. 
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Figure 9: All Occurrence Rates of Affiliative Behavior Given and Received for the 
Ind ividuals in Group Composition 1. 
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Figure 10: All Occurrence Rates of Affi liative Behavior Given and Received for the 
Individ uals in Group Composition 2. 
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Figure 11: All Occurrence Rates of AffiJiative Behavior Given and R eceivE'd for the 
Ind ivid uals in Group Composition 3. 
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Figure 12: Change in t he Rates of Agonistic and Affi liative Behavior Over Time 
Following the Reintroduction of the Two Females, AFD3 and J FD6. (Week 1 alpha 
male with two females; Weeks 2 and 3 AFD3 present; Weeks 4-11 AFD3 removed) 
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CHAPTER III 

SPATIAL USE ANALYSIS OF THREE DIFFERENT GROUP 
COIVIPOSITIONS OF MANDRILLS AT THE TULSA ZOO 

The spatial use of the exhibit by mandlills, (Mandtillus sphinx), at the Tulsa Zoo, 

36 

Tulsa, Oklahoma, was analyzed to determine if there were significant differ nces b tween 

individuals or for individuals across the thre different group compositions (group 

composition 1--multi-male group, group compositions 2 and 3--uni-male groups), which 

resulted from removals and reintroductions. Instantan ous sampling wa. used to re ord 

spatial use data on three group compositions from 'ovember 1995 to August 1996. The 

xhibit was divided into levels (1, 2, 3, 4, moat) and quadrants (South to North--A, B, C, 

D, E, F), and for each observation, a level and quadrant was recorded. The frequencies 

were then analyzed using chi-square to determine any differences in spatial use by the 

mandtills. Individuals were found to differ from one another within a group composit ion 

in their spatial use and the mandrills were also found to alter their use of the exhibit 

depending on the group composition (p<O. OOl). Dominance, age, and weather conditions 

affected exhibit use. Individuals tended to congrega te in the southwest comer of the 

exhibit, especially during the summer. The dominant male used area A 1 extensively; the 

location functioning as a "throne". The moat may have provided an escape route for 

indi"iduals to avoid other more dominant individuals, reducing social tension. The 

improvement of zoo exhibits, creating more natural areas, may aid in del:reasing aggression 

and increasing activity levels of captive mandrills . 

Key words: Mandrillus sphinx, primate, location 
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INTRODUCTIO 

Mandrills (Mandlillus sphinx) inhabit the rainforests of quatorial w st Afiica, with 

Gabon containing perhaps th largest portion of remaining wild mandtill [F istner et a1. . 

1992]. In the wild, 80% of the day is spent foraging [Hall, 196 ~ ; r ook and Aldrich-

Blake, 1968; Altmann and Altmann, 1970]. Foraging occurs throughout the day with 

66.8% of the foraging occurring within 5 m of the ground despite the fact that half of th ir 

preferred food items were found greater than 5 m above the ground [Hoshino. 1985]. 

In a semi-free ranging group of mandrills in Gabon, it was determined that 67% of 

all behaviors were feeding, with 77% of all feedings (72% eating and 83% foraging) taking 

place on the ground. Feeding off the ground (23%) was divid d into 10% in trees, 7°'0 in 

vines, and 6% in saplings. Juveniles tended to remain in the understory while the adults 

foraged on the ground [N 01l1S, 1988 ]. Females and young frequently used the canopy to 

feed, while the males spent most of their time on th ground rNapier and Napier, ] 985 j. 

To sleep or to escape, wild mandrills climb into the forest canopy [Hill. 1970]. 

Since mandrills are elusive and their environment so dense, it is difficult to study 

them in the wild [1 orris, 1988; Wickings and Di.xson, 1992]. However, mandtills have 

been studied in captivity, which is a great benefit and supplement to th data obtained in 

the wild [Mellen et aI. , 1981]. The mandrills at the Tulsa Zoo have be n studied 

previously for their reproductive characteristics, such as age of first swelling and 

conception, and gestation length [Bettinger et a1. , 1995] and behavior [Hartley et aL , 1996; 

Terdal, 1996]. Few spatial use studies have been done on captive mandrills. The aptive 

L 
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mandrills at Tulsa Zoo, Tulsa, Oklahoma, are excell nt ubject , be ause the group is 

unusually large and more closely approximates the natural group size [Terdal, 1996]. 

METHODS 

Group Composition 

During the course of the study, many changes occurred within the mandril] group. 

Group composition was altered three times due to removals and reintroductions. Life 

history data on each mandrill is given in Table 1. Individuals were classified as adult at th 

age of 5 years, and juvenile when younger. No infants were present in this study. All 

mandrills belonged to one of three matrilines (Figure 1). All mandrills were born at the 

Tulsa Zoo, except for the three matriarchs. AF Al came from Dallas Zoo, TX, AFD 1 

from Reid Park Zoo, AZ, and AFP 1 from Brookfield Zoo, IL. T abl 2 includes a 

description of the events leading to the various group composition changes. 

Individuals were given an id for the purposes of this analysis (see AppendL,\) which 

included infonnation on the age, sex, matliline, and the age of the animal within the 

matriline. Each code consisted of three letters foJJowed by a number, an example was 

AFDI for Darla. The A designated an adult animal (J if the animal was a juvenile), the F 

for female(M for male), D indicated the Darla matriline (other matnlines include AnnieMA 

and Pearl-P). and the 1 showed that this individual was the oldest of the matriline 

(Off.c;pring began at 2 with oldest offspring receiving the lowest number). 

Exhibit Design 
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The mandrills were housed in a grotto-styl exhibit that faced ea t (Figure 2), and 

were locked outside whenever th temp rature was abov 18.3 °c and locked in when it 

was less than 4.4 DC. Between 4.4-18.3 DC the animals wer given acce s to th den. 

Wind chill, moisture, and other weather condition prompted occasional departure from 

these guidelines. The exhibit was surrounded by a dry moat on three sides, and log were 

placed on the exhibit. The mandrills had free access to the 6.7 m deep moat. The outside 

exhibit was 50 x 16.6 m with a back wall measuring 6.7 m high. The inside of the grotto 

consisted of four 3.3 x 6.7 m dens and the off exhibit, outdoor area was 5 x 4 m. Th 

grotto consisted of valious levels some of which were concrete while others had dirt or 

grass. Most of the levels were 15 em higher or lower than the others, while th Ie els in 

the southwest comer were 2.4 m high at the highest point and were covered by an 

overhang from the grotto wall. 

Method of Data Collection and Analysis 

The mandrills at the Tulsa Zoo, Tulsa, Oklahoma, were obsetv ed between 

'ovember 1995 and August 1996. Instantaneous sampling was used to record the location 

of a focal animal at 30 sec intervals for 10 min. The exhibit was divided into quadrants 

and levels to record the exhibit use by the focal (Figure 2). Quadrants were from South to 

North (A, B, C, D, E, F ), while the levels were from the highest to lowest points (1 , 2, 3, 

4, moat). For each observation a quadrant and level was recorded. The ord r of the 

obseJVing each mandrill was chosen at random before data collection began. There were 

differing amounts of obselvation time for each group composition which were accounted 

for in the analysis. Group omposition 1 was observed for 12.5 hrs., group composition 2 
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for 46.8 hrs., and group composition 3 for 11 9.8 hrs. Within a group compo ition, 

individuals were observed for approximately equal amounts of tim . 

Data were entered into PcFile, and Windows SAS was used in the analys of thi 

study. From the instantaneous sampling data, the frequency for each individual at each 

location was calculated. The locations used in the statistical analyses included 1, 2, 3, 4, 

moat, and A, B, C, D, E, and F. The spatial use of the exhibit was compared among 

individuals in each group composition and for each individual acros the group 

compositions using chi-square. The percentages use of the exhibit w re calculated for each 

individual and the individuals were then compared for their use of the exhibit within a 

group composition and across the group compositions. The seasonal influence on exhibit 

use was analyzed for locations A, B, and C. 

R ESULTS 

Chi-square analyses 

Within a group composition, individuals were compared for their use of the exhibit. 

The use oflocations 1, 2, 3, 4, and moat as well as locations A, B, C, D, E, and F, was 

analyzed using chi-square. At least some individuals within each group composition were 

found to differ in their use of these locations (p<O.OOl for all group compositions). 

Individuals were also compared across group compositions for their use of the levels 

and quadrants. All individuals were found to differ in their use of the exhibit depending on 

the group composition (p<O.OOI). 

Trends and Observations on the Use of the Exhibit by the :Mandl'ills 
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The percentages of time individuals were recorded in th 1 vels and quadrants 

were compared within group compositions and aero th different group compositions 

(Figures 3-8). Individuals were arranged according to relation and decrea ing age with 

adult males positioned on the right side of the graph. Females within a matriline differed 

from one another in their use of variou locations. Because of the differences in spatial use 

between relatives, comparisons could only be made at the individual level. 

The most extensively used level was 2, which had the largest area containing grassy 

areas for foraging (Figures 3-5). Levell , in the southw st comer of th exhibit, wa 

frequently occupied by dominant animals, especially the dominant male (Note AlvIP2 in 

group composition 2 and 3). A1vID2, alpha male in group composition 1, did not use area 

I as extensively as the alpha male in group compositions 2 and 3. More individuals 

occupied level I in group compositions 2 and 3 (Figures 4-5) which were uni-male groups. 

The moat was used for foraging and to escape the aggression of more dominant animals . 

Younger individuals were more often obselved in the moat. 

The use of the quadrants was also compared within a group composition and across 

the group compositions (Figures 6-8). Dominant individuals tended to occupy quadrant A 

more than any other individuals. For group composition 1 (Figure 6), the dominanl. male 

A.Tv1D2 and female AFD I had the highest uses of area A. AMP2 rarely occupi d area A. 

but tended to remain in the periphery of the group. In group composition 2 (Figure 7), 

AMP2, now the alpha male, increased his use of area A. The highest use of area A by a 

female was AFP1, the mother of AMP2. Howev r, this female was not alpha; the alpha 

position was occupied by JF A3 . AFDI, now a low-ranking female, had one of the lowest 
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percentages of use for this area. In group composition 3 (Figure 8), AFD I and h r 

relatives, all low-ranking female , used area A th lea t of all individuals. 

The percentage use of location A incr ased across the group compositions for most 

individuals. Area A was used more than any other areas in group composition 3. This 

increased use of area A may have been due to changing weather conditions. Location A 

was the only area that provided sufficient shade at all times of the day. The more heavily 

used quadrants A, B, and C were graphed across th different seasons (Figure 9). Winter 

and spring each were represented by one month of data, but summer was represented by 

three different months. Only area A was found to differ significantly across the seasons, 

with June and July having the highest percentages of use. 

I , DISCUSSION 
l 

Dominance. t mperature, and age may influence the use of the exhibit by th ~ mandrills. There was a tendency for individuals to preil r the areas near 1 and A. The 

preference for higher ground seemed to be apparent in the individuals ' selection of 

locations. The dominant male occupied area AI , displacing and even chasing any 

individuals who tried to remain there . 

The occupation of the southwest comer of the exhibit may be a sign of dominance 

for the mandrills. Location Al resembled a "throne" for the dominant male. The moat 

was often used as an escape route by subordinate individuals. As the dominance hierarchy 

changed with removals and reintroductions, the use of the different areas of the exhibit also 

changed. The resulting shift in the u.-.;e of the exhibit with a change in dominance could be 

--



-

43 

seen in AFD L who lowered her dominance tatus, and AMP2, who became alpha mal m 

group composition 2. 

The use of the moat as an escape route from aggression and other social tensions 

notes the artificiality of the zoo exhibit. In the wild, the mandrills escape notic of other 

individuals in the thick forest or by climbing a tree. A more naturalistic zoo exhibit with 

complex vertical and horizontal structure may decrease the agonistic behaviors seen in this 

group of mandrills. 

Weather was an important influence on the percentage of tim an animal spent at a 

celtain location. The use of area A, the only location providing sufficient shading, 

increased across the group compositions du to the increasing temperatures. 

Individuals used the exhibit differently from their relatives which wa. surprising. 

\Vhile observing the mandrills, it appeared that relatives tended to congregate together. 

The differences in age between mother and offi pring may account for the diffi ling 

percentages of exhibit use. Older individuals tended to be more inactive and remained at a 

cel1ain location for long periods of time. 

Other Stud ies 

Dominance, weather, and age seem to have an influence on the locations chosen by 

the different individuals. Traylor-Holzer and Fritz (1985) working with captive 

chimpanzees (Pan troglodytes), found that dominance, afiiliative, and antagonistic 

relationships along with the position of ceJ1ain focal individuals such as estrous females and 

infants, may influence the spatial relationships in the group. Other primate studies also 

indicate that dominance has an influence on the locations chosen by individuals. In a 
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captive group of lowland gorillas (Golilla g. gorilla), a larg r dominant individual occupi d 

a certain area, leaving the remainder of the exhibit to the ubordinates. A positiv 

relationship was found between dominance rank and the frequent us of c rtain areas 

[Fischer and adler, 1977; 1978]. 

In general, captive primates were found to locat themselves near walls, perimet r 

edges and corners, and vertical objects. Resting took place more frequ ntly on el vated 

structures than at ground level [Bernstein and Mason, 1963; Rosenblum et al., 1964; 

Menzel, 1967, 1969; Wilson, 1972; Hughes and Menz 1, 1973]. The use of certain 

locations in free-ranging and captive primates may be related to better vantage points, 

escape routes, food and water resources, or sleeping sites [Wilson, 1972]. PeIipheral areas 

may provide security or maximize distance b tween individuals [Traylor-Holzer and Flitz, 

1985]. Escape areas, such as platforms or other visual barriers, reduce aggression and 

social stress [Kortlandt, 1966: van Hooff, 1967; Wilson and Wilson, 1969; van Hooff, 

1973; Maple, 1978; Maple and Stine, 1982; Fritz and Nash, 1983J. 

CONCLUSIONS 

1. Dominance appeared to influence exhibit use with the dominant male claiming an 

area or "throne", and chasing any individuals attempting to use the area. A change in 

dominance for an individual resulted in changes in exhibit use. 

2. Weather had an intl uence in the spatial us of the exhibit with summer increasing 

the amount of time individuals spent in the shade (area A). 
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Table 1: Life History Data on :Mandrills at the Tulsa Zoo. 

ID I HOllSE SEX I BIRTH- AGE AT STlID 
NAME DATE START BOOK # 

STlIDY 
(YRS.) 

Al\1D2 BOOMER M 5121187 8 486 
At\1P2 SABRE 1\1 9/09/88 7 522 
AMD4 L.c. M 9/10/89 6 549 
.JMA4 LBlVl M 7/09/93 2 828 

AFAI ANNIE F 8/18175 20 212 
AFDI DARLA F 6/20179 16 286 
AFP l PEARL F 1/05/85 11 421 
AFD3 IVY F 7/19/88 6 518 

I AFD5 DARCY F 10/05/90 5 585 
AFAl ANGIE F 10/17/90 5 586 
JFD6 PATIENCE F 10/12191 4 690 
J FA3 PANDORA F 2/10/92 4 691 --
JFP3 i TAMMIE F 4/28/92 4 1 692 

Information taken from Tulsa Zoo records. 
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Table 2: Seq uence of Events Leading to Group Composition Changes and the 
Individuals Comprising Each G rou p Composition. 

I G roup 
Composition 
# 

1 

DATA NOT 
lISED 

2 

DATA NOT 
l iSED 

13 
I 

Dates 

11119/95-
12119/95 

12/18/95 

12/20/95-
4/9/96 

2/23/96 

I 4/10/96-
5/20/96 

5/21/96-
5/28/96 

5/29/96-
6/5/96 

6/6/96-
8/24/96 

Grou p Mem bers 

, 

3 adult males, 1 su bad ult 
male, 5 ad ult fema les. 
2 subadult females 

1 adult male, 1 subadult 
male, 2 adult females, 1 
subadult female 

1 adult male, 1 subadult 
male, 5 adu lt females, 2 
su badu lt females 
1 ad ult male, 1 adult 

I fema le, 1 su bad ult female 

1 adu lt male, 1 subadult 
male, 6 adult fema les, 3 
su badult females 

1 adult male, 1 subadult 
male, 5 adult females, 3 
su badult females 

Comments 

Adult male, AMD4, 
removed after injuries 
Split mand rills into 2 
groups. 

Alpha male, AMD2, 
removed. 
2 grou ps reun ited under a 
new alpha male, AJ\1P2. 

I 
2 prrviously removed 

I females, AFD3 and .JFD6, 
reintrodured to alp ha ma le I 

- 1 

2 females reintrod uced to 
the group. 

Reintroduced fem ale, 
AF03, suffered injuries 
and was removed from t he 

I 

I 
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Figure 1: T hree MatriUnes of the Tulsa zoo Mandrills Listed by Age (1\10thers at t he 
top) Along With the ID Used During the Study for Each An imal. 
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F igure 2: Exhibit Layout and Art ificial Divisions Used in Analysis. 
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Figure 3: Group Composition 1 Percentages of1 se for Locations 1,2, 3, 4 and 
Moat. 
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Figure 4: Group Composition 2 Percentage of Use for Locations 1, 2,3, 4 and 
Moat. 
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Figu re 5: Group Composition 3 Percentages of1 se for Locations 1,2,3,4 and 
Moat. 
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Figure 6: Group Composition 1 Percentages of Use for Locations A, B, C, D, E and 
F. 
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F igure 7: Group Composition 2 Percentages oflTse fo r Locations A, B, C, D, E and 
F. 
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Figure 8: Group Composition 3 Percentages of (se for Locations ,B, ,D, E and 
F. 



l 

70 

60 

50 

lJJ 40 
CJ) 
~ 

rt. 
30 

20 

10 

o 

1- .-

hrh 
AFA1 

ribll HTni ~ .. l1tL 
AFA2 JFA3 JMA4 

I-

.-
I-

I- ' 

~ :r1l 
., 

AFD1 AFD5 

INDIVIDUAL 

I-

C---n 

JFD6 AFP1 JFP3 AMP2 

.A 
[J B 

D c .D 
n E 
O F 



--

59 

Figure 9: Seasonal Changes in the Percentages of l se for Locations A, Band C. 
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CHAPTER I" 

SOCIAL PROXIMITY IN A CAPTIVE GROUP 
OF 1\1ANDRILLS AT THE TULSA ZOO 

Mandrills were studied at the Tulsa Zoo in Tulsa, Oklahoma, for their social 

proximity using instant.aneous sampling from November 1995 to Augu. t 1996. Th 

neare ,t neighbor(s) of the focal animal at each 30 ec interval was recorded for 10 min. 

60 

The nearest neighbors were defmed as the indi,~duals within 1 m of the focal animal. One 

or two individuals could be recorded as neighbors, and if mol' than two individuals were 

present, the category "group" was recorded. Three different group compositions (group 

composition 1--multi-male group, group compositions 2 and 3--uni-male groups) were 

observed. Chi-square was used to compare the frequencies of one neighbor, two 

neighbors, group and nonsocial for indi, ,jduals within a group composition and individuals 

across th different group compositions. Individuals spent high perc ntages of time l~lr(her 

than 1 m from other mandrills. \Vhen with a neighbor, it was most often one other 

individual. Individuals tended to be in close proximity to relatives, except in group 

composition 3 when the reintroduction of two females dismpted the dominance hierarchy. 

The percentage of time in social proximity increased across the group compositions with 

the removal of the dominant male and reintroduction of two females. Another possible 

cause may be the change in weather; individuals increasingly congregated in the shade as 

temperatures increased. Males had a greater tendency to be nonsocial than females, and 

males had no clear preference to be near relatives or nonrelatives. 

Key ",",ords: .Mand rillus sphinx, neighbor, primates, sociaJity 
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INTRODUCTION 

The mandrill (Mandrillus s hinx), a member of the Old-World monk y ubfamily 

Cercopithecinae, is found in the rainforests of equatOlial west Africa, with Gabon 

containing perhaps the largest portion of the remaining mandrills [Fei tn r r ai. , 1992]. 

Since mandrills are elusive and their environment so densely fore ted, it is difficult to study 

them in the wild [ orris, 1988; Wickings and Dixson, 1992] . Since stu die in the wild are 

so difficult, captive studies of mand1ills are of great benefit and supplement the data 

obtained in the wild [Mellen et aI., 1981). 

Not much is known about wild mandlills, especially in their preference for neighbors. 

Mandrills in the wild are found as solitary males and in groups of 20 up to 300 or more 

[Stuhsaker, 1969; Gartlan, 1970; Sabater Pi, 1972; Jouventin, 1975; Hoshino et aI., 1984; 

Lahm, 1985; Harrison, 1988]. In a group of20 indh,i.duals, only one male was presen t 

[Gartlan, 1970]. It is not known whether the females in the small groups were related. 

The mandlills at the Tulsa Zoo have been studied previously for their reproductive 

characteristics, such as age of first swelling and conception, and gestation length fBe ttinger 

et aI., 1995J, and behavior [Hartley et a1. , 1996; Terdal, 1996]. Most captive mandrill 

studies focus on reproduction and behavior, but few discuss their preference for neig.'1bors, 

or social proximity. Social interactions are closely tied to the preference for neighbors. 

1andrills may have a comfort zone, or distance they prefer to be away from more 

dominant or aggressive animals . Also, closely related individuals or allies may tend to 

remain fairly close together, This study explores the preference for neighbors, including 

whether the animal prefers to be nonsocial, with one, two, or a group of individuals more 
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frequently, and also looks at which individuals seem to more closely as 0 iate or keep fairly 

distant. 

METHODS 

Group Composition 

During the course of the study, group composition was altered on tlrree occasions 

through removals and reintroductions. Life hi tory data on each mandrill is given in Tabl 

1. Individuals were classified as adult at the age of 5 years, and juvenile when younger. No 

infants were present in this study. All mandrills belong to one of three matrilines (Figure 

1). All mandrills were born at the Tulsa Zoo, except for the three matriarchs. AF A 1 came 

from Dallas Zoo, TX, AFD 1 from Reid Park Zoo, AZ, and AFP I from Brookfield Zoo, 

IL. The sequence of events leading to the group composition changes are listed in Table 2. 

Individuals were given a code for th purposes of this analysis (see Appendi\:) which 

included infonnation on the age, sex, matriline, and the age of the animal within the 

matriline. Each code consisted of tluee letters followed by a number, an e. 'ample was 

AFD 1 for Darla. The A designated an adult animal ( J if the animal was a juvenile), the F 

for female (M for male), D indicated the Darla matriline (other matJilines included Annie

A and Pearl-P), and the 1 showed that tlUs individual was the oldest of the matriline 

(Offspring began at 2 with the oldest off.'!ipring receiving the lowest number). 

Exhibit Design 

The mandrills were housed in a grotto-style exhibit that faced east. and were locked 

outside whenever the temperature was above 18.3 °c and locked in when it was less than 
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4.4 °C. Between 4.4-18.3 DC the arumals were given access to the den. Wind chill, 

moisture, and other weather conditions prompted occasional departure from th s 

guidelines. The mandtill exhibit was surrounded by a dry moat on three sides, and logs 

were placed on the exhibit. The mandrills had free access to the 6.7 m deep moat. The 

outside exhibit was 50 x 16.6 m with a back wall measuring 6. 7 m high. The inside of th 

grotto consisted of four 3.3 x 6.7 m dens and the off-exhibit, outdoor area was 5 x 4 m. 

The grotto consisted of various levels some of which were concret while others had diI1 or 

grass. Most of the levels were 15 em higher or lower than the others, while the levels in 

the southwest comer were 2.4 m high at the highest point and were covered by an 

overhang from the grotto wall. 

:Methods of Observation and Analysis 

The mandrills at the Tulsa Zoo, Tulsa, Oklahoma, were observed between 

November 1995 and August 1996 . Instantaneous sampling was used to observe an 

individual for 10 min, recording the nearest n ighbor( s) of the focal animal at 30 sec 

intervals. earest neighbors were detmed as the individuals within 1 m (approx.imate 

touching distance) of the focal animal, with one or two individuals being recorded as 

neighbors. If more than two individuals were within 1 m of the focal, then "group" was 

recorded as a neighbor. 

Since the xhibit was of varying elevations, the vertical distance between individuals 

was also taken into account when deciding if an individual was within 1 m of the focal. 

The horizontal and vertical distances were considered equally important, with more than 1 

m vertical distance signjfying the individual was out of the vicinity of the focal. 



- -
64 

The order of observing each mandrill was chosen at random befor data collection 

began. There were differing amount of observation time for ach group compo ition 

which were accounted for in the analysis . Group composition 1 was observed for 12.5 

hIs. , group composition 2 for 46.8 hrs., and group composition 3 for 119.8 hrs. Within a 

group composition, individuals were observed for approximat ly equal amounts of time. 

Data were entered into PcFile, and Windows SAS was used in the analyses of this 

study. Frequencies of neighbors were obtained for each individual in each group 

composition. The individuals within a group composition were compared using chi- quare 

for their neighbor preference--one neighbor, two neighbors, group (more than two 

individuals), or nonsocial. The individuals were also compared across the ditlerent group 

compositions for their neighbor preference using chi-square. The percentages of time a 

focal spent with the different types of neighbors were calculated, as weU as the percentages 

of time with relatives and nomelatives. 

RESULTS 

Neighbor Preferences Com pared Using Chi-square 

A chi-square comparison of the individual. in each group composition fOf their social 

preferences, including the categories one neighbor, two neighbor , group, and nonsocial, 

indicated a significant difference in all group compositions (p=O.OO l ). Due to low 

frequency counts, two neighbors and group were combined for group compositions 1 and 

2. At least some individuals within each group composition differed in the amount of time 

spent in the different neighbor situations. 
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Chi-square analyses for each individual acro th group composition indicated that 

individuals differed in their choice of neighbors d pending on the group composition 

(p<O.OOl for aU except Nv1P2-0.091). The categori s two neighbors and group v re 

removed from the analysis for A1vlP2 due to low frequency count. AMP2 spent most of 

his time nonsocial in each group composition, causing the insigniflcant chi-square result. 

Comparing Individ uals fo r Neighbor P reference 

In group composition 1 (Figure 2), individuals were mostly nonsocial, but all animals 

spent at least some time with one other individua1. Percentages for more than one neighbor 

were present only for the subordinate A mattiline, the largest matriline, and for AFP l . 

Adult males were found to be primarily nonsocial animals. AMD2, the dominant male, 

was more social than the other adult males. 

The percentages of time spent nonsocial was lower for group composition 2 (Figure 

3) individuals, except for the alpha male A!vIP2. In group composition 2, percentages with 

two n ighbors wer present fOf all individuals except the alpha male. The p rcentage of 

time spent socially for A1vlP2 in group composition 2 was similar to his percentage in 

group composition 1. The high percentage of social behavior for the alpha male in group 

composition 1 compared to the dominant male in group composition 2 may be due to 

personality differences between the two males, AMD2 and A1vlP2. 

Group composition 3 individuals (Figure 4) spent higher percentages of time socially 

than group composition 2 individuals. The amount of time spent with two or more 

neighbors was higher than in group composition 2. Members of the D and P mattilines 

spent more time with more than one neighbor than the A matriline, the dominant females . 



The alpha male was mostly nonsocial and was only observed in the vicinity of on oth r 

individual. 

Observations on Percentages of Time Spent with Relatives and Nonrelatives 
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The percentage of time with nonrelatives included one, two or more neighbors which 

were nonrelatives but aho may have included relatives and nonrelatives tog ther as two or 

more neighbors. The percentage for relatives included one, Vivo or a group of neighbor' all 

of which were related to the focal. 

For many individuals there was a trend to spend a substantial part of their social tim 

with relatives (Table 3). fother-offspring pairs were often seen together in this study. 

JMA4 consistently spent a higher percentage of time with relatives than nonrelatives. No 

trend could be found for adult males; they did not consistently spend more time with 

relatives or nonrelatives. The only adult male present in all group compositions shifted in 

his preference for relatives and nonrelatives across the group compositions. In two out of 

the three group compositions he preiened nonrelatives, although his percentages for both 

neighbor types were low. The alpha male in group composition 1, AMD2, was vel)' social, 

but his percentages for relatives and nonrelatives were similar. AMD4, a subordinate male, 

prefened nonrelatives, but was not very social. 

Group compositions 1 and 2 females consistently remained with relatives rather than 

nonre1atives. The amount of time in a social situation increased from group composition 1 

to 2 and from 2 to 3. The amount of time spent with nonrelatives was higher in group 

composition 3, with 50% of the females spending significantly more time with nonrelatives 



than relatives. For two individuals, the percentages of time pent with r latives and 

nonrelatives were irnilar. 

DISCUSSION 

Patterns and Observations 
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There was a tendency in the mandrills to occupy an area near relatives. The amount 

of time spent with relatives for each individual was influenced by the number of relativ s 

present in each group composition for that animal. The rna t common social situation was 

one neighbor. A group of individuals within the vicinity of a focal was not a frequent 

occutTence. Mothers and offc;;pring were most consistently observed together. 

Adult males had low percentages of all types of social situations, except for NvID2, 

and could not be said to spend more time with relatives or nonrelatives. The alpha males 

MID2 and AMP2 differed in the percentages of times spent socially. This may be 

attributable to personality differences or perhaps the differing number of males in the 

group compositions. Perhaps a multi-male situation required the alpha male to be more 

social. The juvenile male, JMA4, consistently spent more time with relatives. Group 

composition 1 males were never seen in the vicinity of one another, except for the j uvenile 

male's play behavior with the low-ranking adult male AMD4. 

The amount of time spent socially increased across the different group compositions. 

A possible cause for this increased social focus could be the changing dominance 

hierarchy. The removal of the dominant male in forming group composition 2 and the 

reintroduction of two females, AFD3 and JF06, to form group composition 3 altered the 

dominance hierarchies . The increased social orientation may cOtTespond to periods of 
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social tension when relatives congregate together or may be the result of individuals gaining 

allies as in group composition 3 when nonrelativ s r main d in lose vicinity. In group 

composition 3, one of the reintroduced females vied for the alpha position, conflicting with 

one of the resident females. The disruption of th dominance hierarchy may hav been the 

cause of the higher rates of social ollentation, especially with nomelatives. Another 

possible cause for increased rates of social proximity may be changes in weath r. Group 

composition 3 individuals may have congregated together because of the suitability of the 

location for shading. 

Altering the area or structure of a zoo exhibit may decrease the amount of time 

individuals spend in a social situation, or at least give the mandrills the OPPOltunity to 

voluntarily remain in a social situation. A larger or more complex exhibit, with vertical 

structure and vegetation, may allow an animal to escape the tension caused by being in 

close vicinity to dominant individuals. Perhaps the only reason the mandrills in this study 

spent a considerable amount of time with relatives was for protection from the dominant 

individuals and to relieve tension. Future exhibit designs may focus on creating a 

naturalistic environment for the mandrills with both vertical and horizontal complexity. 

Such complexity may relieve the tension in many mandrill groups that leads to increased 

aggression and death of individuals. 

Applying the fmdings to wild mandrills is difficult. Mothers and infants can be found 

in close proximity even in the wild, but the relati onships of mothers and older offspring are 

not known. Perhaps they do remain in close proximity. Umelated individuals, especially 

males, probably do not r main in close association. 
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One possible reason for remaining close together could be predator avoidance. 

Mandrills are preyed upon by crowned hawk-eagles (Stephanoaetus coronatu ), I opard 

(Panthera pardus) and perhaps chimpanzees (Pan troglodytes) and som larger snakes 

(Bitis, Python), in addition to humans [Lahrn, 198 5; Hamson, 1988]. Human may be the 

main incentive for any close associations of wild mandrills. 

It is probable that the social proximity found in captive tudies is a result of the 

mandrills being in an artificial environment. The tendency to remain with relatives, 

especially for females, may not be found in the wild. Social proximity and the reliance on 

relatives in the wild would be a valuable future study. 

Other Stud ies 

Whitehouse and Fried (1 992) observed a group of seven mandrills at the Dallas Zoo 

and Aquarium and found that the mother and infant had the highest frequ ncy of social 

proximity (within 3 ft). The adult male tended to associate with (he dominant 

female(32 .8%) and her infant male (25%). Social proximity was found to be associated 

with kinship ties, although there was only one unrelated individual in the group. G-reatcr 

distances between non-kin have also been reported in rhesus monkeys [Quiatt, 19661-

Altering the size of the exhibit may influence the amount of time spent wi th other 

individuals in the group. Chang (1991) found that the mean amount of time the adult male 

and female mandrill spent together more than doubled when the exhibit at Zoo Atlanta was 

increased by a factor of 10. The adult female and her offspring, and the juvenile female 

and the sub-adult female spent less time together in the new exhibit. The unrelated sub

adult female spent more time with the adult male in the new exhibit. The number of social 
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interactions decreased in the new exhibit a nonsocial activities uch as foraging increas d. 

Flied and Vlhitehouse (1 992) did not fmd a similar increa e in social proximity between the 

adult male and female mandrill when the exhibit at the Dalla Zoo was enlarged. 

Terdal (1993) found that low-ranking animals, especially the sub-adult mal , 

occupied whichever room the adult male was absent from in the hvo-room enclosur at the 

Milwaukee County Zoo. In captive lowland gorillas (Gorilla gorilla gorilla), a less 

dominant animal avoided the area around a more dominant one [Fischer and adl f, 1977: 

1978]. 

CONCLUSIONS 

1. The highest percentages fOf any type of neighbor situation were nonsocial 

tlu·oughout all group compositions, males tending to be more nonsocial than females. 

2. Captive mandrills tended to spend a higher percentage of time with related rather 

than unrelated individuals. 

3 . Changing group composition or weather conditions influenced the amount of time 

spent with relatives and nonrelatives. The amount of time spent socially increased after the 

removal of the dominant male and the reintroduction of the two females. 
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Table 1: Life H istory Data on Mandrills at the Tulsa Zoo. 

ID HOUSE ) SEX BIR TH- AGE AT STUD I NANIE DATE START BOOK # 
STVDY 
(YRS.) 

I ANID2 BOOl\lER M 5/21187 8 486 
M1P2 SABRE ~1 9/09/88 7 522 
A1VID4 L.c. ~1 9/10/89 6 549 
JNIA4 LBlVI 1\1 7/09/93 2 828 

AFA1 ANNIE F 8/18175 20 212 
AFD I DARLA F 6/20179 16 · 286 

AFP1 PEARL F 1105/85 . 11 421 
AFD3 IVY F 7/19/88 6 518 
AFD5 DARCY F 10/05/90 5 585 
AFAl ANGIE F 10/17/90 5 586 
JFD6 PATIENCE F 10/1219 1 4 690 
J FAJ PANDORt\. F 2/10/92 4 691 
JFP3 TAMMIE F 4/28/92 ~ 1 692 J -- -

Information taken from Tulsa Zoo records. 
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Table 2: Seq uence of Events Leading to G roup Composition Change and the 
Individ uals C omprising Each Group omposition. 

I Group Dates G rou p Mem bers Comments 
C ompos ition 
# 
1 11/19/95- 3 ad ult males, 1 subadult 

12/19/95 male, 5 ad ult fem ales, 

, 2 subad ult female 

12/18/95 Ad ult male, AMD4, 
removed after inj uries 

-

D ATA NO T 12/20/95- 1 adult male, 1 subadu lt Split mandrills into 2 
U SED 4/9/96 male, 2 ad ult females, 1 groups. 

su bad ult female 

2/23/96 
Alpha male, AMD 2, 
removed. 

2 4/10/96- 1 adult male, 1 subadult 2 groups reunited under a 

l 5/20/96 male, 5 ad ult females, 2 new alpha male, A.MP2. 
subadult females , 

I 
I DATA NOT 5/21/96- 1 ad ult male, 1 adult \ ~ - previousl): removed , I 

T ' . ~ ., s . \~ . I lSED 
, 

, _1_8/96 It'male, 1 ~ u bl:ldu lt female tem<1lc, A1<03 and JI< 06, I 
L-________ -+I __________ +-__________________ -1 __ r_·e_in_t_ .. o_d __ uced toa l~l~nlal~ 

I 5/29/96- \ 1 ad ul t male, 1 subadult 2 females rei nt roduced to l ' 3 
I 6/5/96 male, 6 ad ult females, 3 I t he group. 

subadult females 

I I 
6/6/96-

I 8/24/96 
I 1 ad ult male, 1 subadult 
I male, ::; adult females, 3 

subad ult females 

I Reint rod uced fema le, 
/\ FD3 , su ffered inj uries 
and was removed from the 

L-________ .--L __________ -'----__________________ ---'--'g;Lr_o_u-'---_ __ __ J 
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Table 3: Percentage of T ime Spent with Relatives and Nonrelatives for Each 
Individual in each Group Composition. (Males are listed above females and 
individuals are listed with decreasing age with in each matriline.) 

INDIV. GROlTP 1 GROUP 2 GROUP 3 
WITH I WITH vVITH WITH WITH WITH 
R ELAT. ' NON- RELAT. NON- RELAT. NO -

76 

R ELAT. R ELAT. RELAT. --
AMD2 16.7 15.8 ----------- ----------- ------------ ------------
AMP 2 0 3.3 4.3 0.6 1. 5 5.7 
ANJD4 0.7 3.6 ---- ------- ------------ ------------ ------------
.JNIA4 15.7 1.4 29.8 10.8 28 .2 11.8 

-

: I 

AFA I 16.4 0.7 39. 7 6.1 24.7 26. 1 l AFA2 13. 6 1.4 27.2 11.7 13.5 29.7 
.JFA3 22. 8 10.7 39.5 7. 9 22.2 22.7 - --
AFD I 27.8 0 35.2 3. 7 26.1 26.1 
AFD5 12.8 2.2 31 .7 4.3 30. 7 24.8 
.JFD6 ------------ ------------ ------------ ------------ 27.0 30.2 
AFP l 127.8 16.4 36. 9 7.6 33.6 25.0 I 

I .JFP3 5.0 2. 8 3 1.6 13.8 21.7 31.7 J 
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Figure 1: Three Matrilines of the Tulsa Zoo Mandrills Listed by Age (Mothers at the 
top) Along \ \Iith the ID Used During the Study fo r Each Animal. 
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F igure 2: Percentage of Time Spent in the Different Types of eighbor Situations for 
Group Compo ition 1 Individ uals. 
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Figure 3: Percentage of Time Spent in the Different Types of Neighbor Situations for 
Group Composition 2 Individ uals. 
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Figure 4: Percentage of T ime Spent in the Different Types of Neighbor Situations for 
Group Composition 3 Individuals. 
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APPENDIX 



Name Designations for Each Focal Animal. (Designations indud AdultJJuv nile; 
Male/Eernale; Matrilin -Anni , Darla, or Eearl; Rank of age-rnatIiarch=l, oldest 
offspring=2. etc.) 

A IN]E=AFAl 

ANGIE=AFA2 

PANDORA==JFA3 

LITTLE BIG 
MAN=JivlA4 

DARLA=AFDI PEARL=AFP 1 

BOOMER=M1D2 SABRE=AMP2 

rvY=AFD3 T A1vfMIE== JFP 3 

L. C. == AlvID4 

DARCY=AFD5 

PATIE CE=.JFD6 

82 
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Ethogram of Behaviors Used in Studying th Mandrills at th Tul a Zoo. (Altered from a 
Pr \-lous Ethogram Designed by T. Bettinger at the Tulsa Zoo in 1993). ( gonistic- G. 
Affiliative-AFF, Sexual-SE, Active 1 on ocial- CT, Inactive Tonsocial-INA) 

BEHAVIOR 
CATEGORY 
AG 

AG 

AG 

AG 

AG 

AG 

AG 

AFF 

AFF 

AFF 

AFF 

AFF 

AFF 

ABBRE VIA TIO. 
DIRECTED 

BY/TO FOCAL DEFINITIO 
AG/. C Aggressive contact including hitting, biting, grabbing. 

Al\/L' A T Atm threat-extending foreann at another indi"idual. 

AV/AD Avoid-one animal walks or runs away from an 
approaching individual. 

CH'CE Chase-when one animal lunges toward another. 
actively pursuing. 

HE /HD I-lead bob-up and down motions 
of the h ad at another individual. 

PNIPR Present-animal crouches with genitalia di.rected 
towards another or approaches and orients genitalia 
in another 's line ofv:ision. 

YA/ YN Yawn-display canines to anoth r in an open mouth 
gesture-mostly seen in the alpha male. 

APi .... \}! Approach-Oneindi\ idual deliberately walks toward 
another indi\-idual . 

FUY\V Follow an individual. 

GRtG 1 Groom-picking through hair or at skin. removing 
debris with hand or mouth-groom sell groom other. 
or being groomed. 

GTiGE 

GW 

PUpy 

Greet-includes "Figure 8" face. smile. 

Three-way groom-three individuals involved in a 
grooming bout. 

\1utual grooming-two indi"iduals groom each other 
at the same time . 

Social Play 



AFF WNWT 

SE CP/CO 

SE 

SE M /MT 

ACT EX 

ACT FO 

ACT SC 

ACT DR 

ACT GO 

ACT TR 

ill 

' ;V' arch-one individual activ 1)' wa tche anoth r. 

Copulate-male mounts and thrust. D mal . 

Inspect-individual sniffs or prob s genitalia of 
another indi idual. 

Mount, non-copulatory-on animal mounts another 
but thrusting does not oc ur. recorded mostly for 
female/female mountings. 

Examinei xplo1' obj ect-examine or manipulate 
object. 

F mage-consuming or searching for food. 

Scratch 

Drink 

Groom self 

Travel-walking from one area to another. 

Idle-no active behavior-sit, lay, or stand. 
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