
Does group size matter? Captive chimpanzee (Pan troglodytes) 
behavior as a function of group size and composition

Sarah J. Neal Webb1,2, Jann Hau2, and Steven J. Schapiro1,2

1The University of Texas MD Anderson Cancer Center, Michale E. Keeling Center for 
Comparative Medicine and Research, Bastrop, Texas

2Department of Experimental Medicine, University of Copenhagen, Copenhagen, Denmark

Abstract

The National Institutes of Health and the Association of Zoos and Aquariums recommend that 

captive chimpanzees be housed in multi-male, multi-female, age-diverse groups of no less than 

seven individuals. These recommendations are rooted in the idea that captive chimpanzee groups 

should be modeled after free-ranging, wild, fission-fusion chimpanzee societies. However, captive 

chimpanzees do not face the environmental pressures faced by wild chimpanzees, including food 

scarcity, inter-group competition, and predation. As such, it has been posited that wild, natural 

conditions may not be the most relevant metric for defining optimal captive chimpanzee group 

sizes and compositions. Additionally, captive housing poses a set of restrictions on group sizes and 

compositions, including the need to balance large, multi-male groups with space per animal 

limitations and intra-group aggression. In the present study, we examined the behavioral effects of 

group size, within-group age range, and percentage of males in the group. We collected 713 hr of 

focal animal samples across 120 captive chimpanzees housed in social groups of 4–10 individuals 

using a 58-behavior ethogram. Chimpanzees housed in groups with a large age range exhibited 

less inactivity and more locomotion than chimpanzees housed in groups with smaller age ranges. 

Additionally, chimpanzees in groups of ≥7 with less than half males showed the highest levels of 

locomotion. Lastly, chimpanzees in groups of ≥7 with at least half males showed the highest levels 

of affiliation. There were no other significant differences in behavior as a function of these 

variables or their interactions. These findings lend some support to the existing group size and 

composition recommendations, providing empirical evidence that there may be certain advantages 

to housing captive chimpanzees in larger groups with a more diverse age range and/or more males. 

These results also have practical implications for behavioral management programs across captive 

settings.
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1 | INTRODUCTION

Several agencies have recently put forth various recommendations regarding captive 

chimpanzee housing and management. The National Institutes of Health (NIH) recommend 

that captive chimpanzees be maintained in Ethologically Appropriate Environments (EAEs), 

defined as captive environments that promote all natural behaviors exhibited by wild, free-

ranging chimpanzees (NIH, 2013). The NIH states that these wild chimpanzee societies and 

environments should serve as the “gold standard” after which the captive environment 

should be modeled (NIH, 2013). Therefore, to provide the social complexity and stimulation 

necessary for such cognitively complex animals, chimpanzees should be maintained in 

multi-male, multi-female groups of at least seven animals per social group (NIH, 2013). 

Furthermore, the Chimpanzee Care Manual put forth by the Association of Zoos and 

Aquariums (AZA, 2010) states that chimpanzees should be housed in groups with age and 

sex diversity, with at least three males and five females per group. These recommendations 

are based on the idea that modeling the group sizes and compositions of wild chimpanzees 

enhances the well-being of captive chimpanzees (AZA, 2010; Else, 2013; NIH, 2013). 

Similarly, many suggest that natural conditions and behaviors can be simulated through 

functionally appropriate captive environments (FACEs), which promote opportunities to 

engage in species-typical behavior through functional simulations of natural conditions 

(Bettinger, Leighty, Daneault, Richards, & Bielitzki, 2017; Bloomsmith, Hasenau, & Bohm, 

2017; Dye, 2017, Honess, 2017; Reamer, Haller, Lambeth, & Schapiro, 2017; Schapiro, 

2017; Williams & Ross, 2017). These complimentary concepts can be used to investigate 

and implement optimal captive group sizes and compositions for chimpanzees

The recommendations for captive chimpanzee group size and composition are based 

primarily on data gathered from wild chimpanzees that live in large, fission-fusion societies 

of up to 120 individuals per community (Nishida, 1968), with an average party size of 5.7 

individuals (Table 1; Wrangham, 1992). However, wild chimpanzees live in such social 

systems because they must adapt to the environmental pressures present in their immediate 

environment (Humle, 2003; Symington, 1990), including food and water scarcity and threats 

from predators (both human and non-human) and conspecifics (Boesch & Boesch-

Achermann, 2000; Else, 2013; Goodall, 1986; Lehmann & Boesch, 2004; Price & Stoinski, 

2007; Sugiyama, 2004; Wrangham, 1992). For example, chimpanzees tend to aggregate in 

smaller parties when they must travel longer distances for access to resources (Chapman et 

al., 1995), during times of low fruit availability, and when there are fewer estrous females 

(Boesch & Boesch-Achermann, 2000). Interestingly, when environmental pressures are 

removed from wild chimpanzee environments, group size seems to decrease and stabilize. In 

Bossou, Guinea, during a time when there was high year-round food availability, restricted 

range size, and no predators or inter-group competition, group size remained relatively low 

and stable at around 20 chimpanzees (Boesch & Boesch-Achermann, 2000). Furthermore, 

small chimpanzee communities (around 20) at Taï Forest, Cote d’Ivoire and Bossou, Guinea 
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have been found to be more cohesive and stable with a lowered occurrence of fission-fusion 

behavior (Boesch, 1996; Boesch & Boesch-Achermann, 2000; Lehmann & Boesch, 2004; 

Sugiyama, 2004). Else (2013) reasons that findings like these may bring into question the 

relevance of fission-fusion behavior for captive chimpanzee groups, all of which may be 

considered “small communities,” given their group size and lower number of males per 

group. Since captive chimpanzees do not face most of the environmental pressures 

experienced by chimpanzees in the wild (e.g., captive chimpanzees are provisioned food 

daily, and experience no predation or competition for food; Else (2013); Price & Stoinski 

(2007)), natural, wild conditions may not be the most relevant metric for defining optimal 

captive group size and composition (Reamer et al., 2017).

Captive housing poses a set of restrictions that must be balanced with optimal captive 

chimpanzee group size and composition, including physical facility limitations and 

management of species-typical aggression (Bloomsmith & Baker, 2001; Else, 2013; Morgan 

& Tromborg, 2007; Price & Stoinski, 2007). Despite these restrictions, captive chimpanzees 

have been successfully maintained in social groups of various sizes and compositions, 

including multi-male, multi-female groups of up to 20 individuals in various laboratory 

settings (Alford, Bloomsmith, Keeling, & Beck, 1995; Bloomsmith & Baker, 2001; Riddle 

et al., 1982), and groups of up to 25 in chimpanzee sanctuaries (NIH, 2013). Additionally, 

captive chimpanzees have been successfully housed in all-male, or “bachelor,” groups 

(Alford et al., 1995; Bloomsmith & Baker, 2001), although all-male groups tend to exhibit 

higher levels of intra-group aggression than mixed-sex groups (Fritz & Howell, 1999). 

Within mixed-sex groups, few differences in behavior have been found between uni-male 

and multi-male groups, although males do seem to prefer other males as social partners 

(Bloomsmith & Baker, 2001), and rates of wounding seem to be higher in uni-male groups 

than multi-male groups (Ross, Bloomsmith, Bettinger, & Wagner, 2009). Groups with a 

higher number of males seem to exhibit higher incidences of aggression (Alford et al., 

1995), and larger groups (19–21 individuals) seem to sustain higher numbers of minor 

wounds than smaller groups (7–12 individuals) (Baker, Seres, Aureli, & de Waal, 2000). 

Pruetz and McGrew (2001) posit that, since large, stable groups are not common in the wild 

(but see Boesch & Boesch-Achermann, 2000), a group size threshold might exist, such that 

there is a limit on the number of chimpanzees that can live in constant, amicable presence of 

one another. Indeed, captive chimpanzees exhibit coping strategies in response to both short-

and long-term crowding conditions, including conflict-avoidance and tension-reduction 

strategies, respectively (de Waal, Aureli, & Judge, 2000; Nieuwenhuijsen & de Waal, 1982; 

Videan & Fritz, 2007).

Thus far, only one study has empirically examined the NIH’s (2013) group size 

recommendation. Reamer et al. (2016) found that chimpanzees housed in groups of seven or 

more exhibited higher levels of affiliative and abnormal behavior compared to groups of six 

or fewer. As part of a larger project that examines the behavioral effects of captive 

environments and refinements to behavioral management techniques (Neal Webb, Hau, & 

Schapiro, 2018a, 2018b), the current study aimed to empirically examine group size and 

group composition recommendations to provide additional data for use in defining captive 

chimpanzee FACEs. Specifically, we explored whether the behavior of captive chimpanzees 

housed in groups ranging from 4 to 10 animals differed as a function of 1) group size; 2) the 
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percentage of males within the group; 3) within-group age range; and 4) interactions 

between these variables. If larger groups with more males and a larger age range are more 

functionally appropriate for captive chimpanzees, chimpanzees in such groups should 

exhibit higher levels of welfare-related behaviors (e.g., higher levels of affiliation, proximity 

to group mates, behavioral diversity), and lower levels of behaviors indicative of poor well-

being (e.g., abnormal behavior, rough-scratching, and aggression). However, it is possible 

that the relationship between group size, composition, and welfare is not so simple. Based 

on findings from previous studies (Baker et al., 2014; Pruetz & McGrew, 2001; Reamer et 

al., 2016), we predicted that chimpanzees would exhibit several behavioral differences 

across varying group sizes and compositions, some with potentially positive, and some with 

potentially negative, welfare consequences. Specifically, we predicted that chimpanzees in 

larger groups with more males and a larger age range would exhibit increased behavioral 

diversity and locomotion, lower inactivity, and closer proximity to group mates, likely 

indicative of enhanced welfare. Furthermore, since larger group size and more males may 

increase within-group tension due to a higher probability of aggression (Alford et al., 1995; 

Baker et al., 2000; de Waal et al., 2000; Fritz & Howell, 1999; Nieuwenhuijsen & de Waal, 

1982; Videan & Fritz, 2007), we predicted that chimpanzees in larger groups with more 

males would exhibit more rough scratching, aggressive, and affiliative behavior, which may 

indicate potential decreases in welfare. The pattern of behavioral differences should be 

interpreted as a whole to determine the effects of group size and composition on welfare.

2 | METHODS

2.1 | Subjects and housing

Subjects included 120 captive chimpanzees at the Michale E. Keeling Center for 

Comparative Medicine and Research (KCCMR) of The University of Texas MD Anderson 

Cancer Center. At the end of data collection, chimpanzees lived in 17 separate social groups 

of 4–10 animals per group (Table 2). The number of individuals per group occasionally 

changed throughout the course of the study, as introductions between groups and/or of 

individual animals occurred due to veterinary or behavioral management issues. Subjects 

included 73 females and 47 males ranging in age from 15 to 56 (M = 31.39 years). Of the 

120 chimpanzees, 78 were mother-reared, 27 were nursery-reared, and 15 were wild-born 

with an unknown rearing history.

The KCCMR facility is accredited by AAALAC International, demonstrating that housing 

and care meet or exceed all current USDA guidelines. Groups were housed in indoor-

outdoor corrals or Primadomes™ (Neal Webb, Hau, & Schapiro, 2018a) with access to all 

areas day and night. The research conducted in this study complied with the approved 

protocols of the UTMDACC Institutional Animal Care and Use Committee, and adhered to 

the legal requirements of the United States and to the American Society of Primatologists’ 

Principles for the Ethical Treatment of Primates.

2.2 | Procedure

We used 15-min focal animal samples for behavioral observations (Altmann, 1974). Each 

chimpanzee served as a focal animal in a minimum of 22 focal observations, for a total of 
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713 hr of observation. Observations were recorded on a laptop computer using Noldus 

Observer XT 10 (2010) software between 0700 and 1600 from August 2016 through May 

2018. Categories of behavior included locomotive, aggressive, submissive, object 

manipulation, self-directed, abnormal, affiliative, inactive, and other. Proximity of the focal 

animal to other animals within the group (touching, near, distant) was also recorded (see 

Supplemental Materials for ethogram). Since data were collected regardless of introductions 

between groups and individuals that occurred during the course of the study, the number of 

individuals per group was noted during each focal observation. The mean number of 

chimpanzees in each group was then calculated at the end of the study by averaging the 

number of animals in the group across all focal observations for each chimpanzee.

2.3 | Data analysis

Total durations of behavior were averaged across all observations for each subject. Average 

durations of “out-of-view” were subtracted from total possible observation time (900 s) to 

create average “in-view” durations for the denominator (chimpanzees were “in-view” for an 

average of 98% of each observation). Average durations of each behavior were then 

converted into percentage of time [(average behavior duration in seconds/”in-view duration” 

in seconds) *100] for each chimpanzee. Average age of each group, within-group age range 

(= oldest chimpanzee age − youngest chimpanzee age), and percentage of males within each 

group were also calculated. A proximity score [percentage of time spent (near + touching)/

total in-view duration] was calculated to represent the percentage of time spent touching or 

in close proximity to group mates. Lastly, we calculated a behavioral diversity score that 

served as a measure of the total number of different behaviors (excluding negative welfare-

related behaviors) exhibited by each chimpanzee throughout the course of the study. This 

was calculated by counting the number of behaviors exhibited across all observations (i.e., 

all positive welfare-related behaviors that had a non-zero duration) for each chimpanzee.

With the exception of three behaviors (inactive, self-groom, and behavioral diversity), all 

data were positively skewed. The predictor variables were categorized to create, insofar as 

possible, equal intervals between categories, as well as relatively equal numbers of 

chimpanzees within categories of the variable. Group size and percentage of males were 

dichotomized (≤6 and ≥7; ≤49% and ≥50%, respectively). Age range was categorized into 

three levels: small range (≤9 years), medium range (10–19 years), and large range (≥20 

years). Since smaller groups tend to be housed in Primadomes® and larger groups in corrals, 

we used enclosure type as a covariate. Average age of the group was used as a continuous 

covariate. Group average age and within-group age range were not correlated, r = 0.022, p = 

0.815. We chose to use average age of the group as a covariate rather than an independent 

variable for several reasons. First, previous research shows that older age affects behavior; 

specifically, older chimpanzees exhibit decreased mobility, lower levels of aggression, 

locomotion, and object manipulation than younger chimpanzees (Baker, 2000; Magden et 

al., 2013; Nunamaker, Lee, & Lammey, 2012). Second, the NIH and AZA make no 

recommendations relating to group average age, other than stating that chimpanzees should 

be housed in “age diverse” groups, which we believe is better represented by age range. 

Lastly, our sample size limited the number of independent variables that could be included 
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in the statistical model while still allowing assessment of interactions between variables 

(Hair, Black, Babin, Anderson, & Tatham, 2010).

We used a bootstrapped MANCOVA to assess the effects of group size, within-group age 

range, and percentage of males within the group on behavioral diversity scores, proximity 

scores, rough-scratching, aggressive, locomotive, affiliative, abnormal, and inactive 

behaviors. Since MANCOVAs adjust for experiment-wide error rate (Hair et al., 2010; 

Nakagawa, 2004; Perneger, 1998), we used p ≤ 0.05 for significant differences and 0.06 ≤ p 
≤ 0.07 for trending differences. For significant omnibus F tests, we used Bonferroni-

corrected post-hoc comparisons for main effects. We were also interested in interaction 

effects between group size and percentage of males, and group size and age range. 

Unfortunately, our sample size was not adequate to assess the three-way interaction among 

all three independent variables (Hair et al., 2010). Simple effects tests were used for further 

investigation of interaction effects, including independent samples t-tests for group size and 

percentage of males, and one-way ANOVAs with Bonferroni post-hoc tests for age range. 

Estimated marginal means and standard errors are reported. All analyses were conducted 

using IBM SPSS Statistics 24 (IBM Corporation, Chicago, IL).

3 | RESULTS

The MANCOVA showed a significant effect of within-group average age as a covariate on 

two behaviors, including affiliative behaviors ([F (1,107) = 6.35, p = 0.013], and inactivity 

[F(1,107) = 4.96, p = 0.028]. There were no significant or trending effects of housing type 

(dome vs. corral) as a covariate (p > 0.10).

There were no significant main effects of group size on behavior (p > 0.10). There were also 

no significant main effects of percentage of males on any of the dependent variables (p > 

0.10). There was a trending main effect of within-group age range on locomotive behavior 

[F(2,107) = 2.77, p = 0.067]. Post-hoc comparisons failed to reach significance (small age 

range ≤9 years: M = 5.75, SE = 1.07; medium age range 10–19 years: M = 7.37, SE = 0.59; 

large age range ≥20 years: M = 8.44, SE = 0.47; p > 0.10; see Figure 1). There was a 

significant main effect of age range on inactivity [F(2,107) = 3.11, p = 0.049]. Chimpanzees 

housed in groups with a large age range exhibited the lowest percentage of inactivity (M = 

53.86, SE = 1.49), followed by chimpanzees in groups with a medium age range (M = 58.45, 

SE = 1.88), and those in groups with a small age range (M = 59.63, SE = 3.40), although 

none of these post-hoc comparisons reached statistical significance (p > 0.10; see Figure 2). 

There were no other significant main effects of age range on the remaining behaviors, 

including proximity and behavioral diversity scores, rough scratching, aggressive, abnormal, 

and affiliative behaviors (p > 0.10).

Regarding interaction effects, there was a significant interaction between group size and 

percentage of males within a group for locomotion, F(1,107) = 6.68, p = 0.011 (see Figure 

3). Simple effects tests showed that chimpanzees in groups of six or fewer with less than 

50% males showed a significantly lower percentage of locomotion (M = 5.49, SE = 0.35) 

than chimpanzees in groups of six or fewer, but with at least 50% males [M = 7.62, SE = 

0.93; t(53) = −2.41, p = 0.02], whereas those in groups of seven or more with less than 50% 
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males showed a higher percentage of locomotion (M = 9.98, SE = 0.79) than chimpanzees in 

groups of seven or more, but with at least 50% males [M = 7.22, SE = 0.59; t(63) = 2.89, p = 

0.005]. Furthermore, among chimpanzees housed in groups with less than 50% males, 

chimpanzees in groups of six or fewer showed significantly less locomotion (M = 5.49, SE = 

0.35) than chimpanzees in groups of seven or more [M = 9.98, SE = 0.74; t(69) = −6.23, p = 

0.0001]. There was no significant difference in mean percentage of locomotion between 

chimpanzees housed in groups of six or fewer (M = 7.62, SE = 0.93) and seven or more (M 
= 7.22, SE = 0.59) when they were housed in groups with 50% or more males (p > 0.10).

There was also a significant interaction effect between group size and percentage of males 

for affiliative behavior, F(1,107) = 4.92, p = 0.029 (see Figure 4). Simple effects tests 

showed that, among chimpanzees housed in groups of seven or more, those also housed in 

groups with at least 50% males showed a higher percentage of affiliative behavior (M = 

12.06, SE = 0.95) than those in groups with less than 50% males (M = 9.45, SE = 0.88), 

although this difference was trending (p = 0.067). There were no significant simple effects in 

affiliative behavior between chimpanzees housed in groups of six or fewer with less than 

50% males (M = 9.93, SE = 0.88) compared to at least 50% males (M = 8.86, SE = 2.41), or 

compared to those housed in groups of seven or more (M = 9.45, SE = 0.88; p > 0.01). The 

simple effect between chimpanzees housed in groups with at least 50% males with six or 

fewer animals (M = 8.86, SE = 2.41) and those in groups with at least 50% males with seven 

or more animals (M = 12.06, SE = 0.95) was also not significant (p > 0.10).

4 | DISCUSSION

The current study empirically examined existing recommendations pertaining to group size 

and group composition factors. The results provide partial support for these 

recommendations, in that locomotion, inactivity, and affiliative behavior differed as a 

function of main effects of, and/or interaction effects between, group size, within-group age 

range, and percentage of males in the group. Specifically, chimpanzees in groups with a 

large age range showed less inactivity and more locomotion than chimpanzees in groups 

with a small or medium age range. Furthermore, chimpanzees in groups of seven or more 

with less than half males exhibited the highest percentage of locomotion, and chimpanzees 

in groups of seven or more with at least half males showed the highest level of affiliative 

behavior. Taken together, these data suggest that there are certain advantages to housing 

captive chimpanzees in larger, more age-diverse groups with more males. However, as 

discussed below, there is some mixed evidence regarding the welfare implications of these 

behavioral changes. Additionally, it is important to interpret the data in the context of 

behavioral management implications, including constraints of captive housing and the needs 

of individual chimpanzees. From a behavioral management perspective, data from the 

current study also suggest that chimpanzees in smaller groups with fewer males and/or a 

smaller age range do not experience diminished well-being as a result of this social housing. 

As such, these results suggest that chimpanzees experience certain benefits to welfare when 

housed in larger groups with larger age ranges and/or more males, but, given the constraints 

of captive housing and the needs of individual chimpanzees, different combinations of group 

sizes and composition can be implemented to promote well-being.
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Locomotive behavior differed as a function of within-group age range and an interaction 

between group size and percentage of males within the group. Although our sample size 

limited our ability to conduct a three-way interaction among these independent variables, the 

data showed that chimpanzees exhibited the highest level of locomotion in larger groups 

with less than half males. Additionally, locomotion increased as within-group age range 

increased. Higher locomotion in chimpanzees is generally considered to be indicative of 

positive welfare, whereas decreases in locomotion are thought to be indicative of decreased 

well-being (Baker et al., 2014; Pruetz & McGrew, 2001). This is partly because chimpanzees 

in the wild exhibit high levels of locomotion (∼15–25%: Doran, 1997; Boesch & Boesch-

Achermann, 2000; Pruetz & McGrew, 2001; Yamanashi & Hayashi, 2011), and the goal is to 

simulate the behavior of wild counterparts (NIH, 2013; Else, 2013; Pruetz & McGrew, 2001; 

Yamanashi & Hayashi, 2011). However, wild chimpanzees may exhibit high levels of 

locomotion out of necessity, to obtain access to food and water and in defense of territory 

(Boesch & Boesch-Achermann, 2000), and it is unclear whether captive chimpanzees prefer 

to spend the same amount of time locomoting as their wild counterparts when given the 

choice. Although the assumption is that higher locomotion is indicative of enhanced well-

being, the relationship between locomotion and welfare may not be so simple (Baker, 1996, 

1997, 2000, 2004; Duncan, Jones, van Lierop, & Pillay, 2013; Howell, Schwandt, Fritz, 

Roeder, & Nelson, 2003; Neal Webb, Hau, & Schapiro, 2018b;Ross, Wagner, Schapiro,& 

Hau, 2010). Increased locomotion has been used as an indicator of tension and anxiety in 

other species of NHP, including both new and old world monkeys (Dufour, Sueur, Whiten, 

Buchanan-Smith, 2011; Engel et al., 2009; Erickson et al., 2005; Meyer, Novak, Bowman, & 

Harlow, 1975; Schino, Perretta, Taglioni, Monaco, & Troisi, 1996), as well as apes. For 

example, gorillas exhibited increased locomotion (as well as increased self-directed 

behaviors, aggression, and prosocial behaviors) in response to increased social density (Ross 

et al., 2010). In chimpanzees, increases in locomotion under certain circumstances (e.g., 

single housing) have been suggested to be indicative of tension and anxiety (Baker, 1996), 

and decreases in locomotion have been suggested to be indicative of a calmer state and 

enhanced well-being (Howell et al., 2003). If we maintain the assumption that higher levels 

of locomotion are indicative of enhanced well-being, this particular finding may provide 

support for the NIH’s group size recommendation (NIH, 2013) and the AZA’s age-diversity 

recommendation (2010). However, given the complexities of the relationship between 

locomotion and well-being, we are hesitant to explicitly state that the increased locomotion 

found in the current study is a positive finding. Importantly, this highlights the need for 

additional empirical evaluations of locomotion as an indicator of well-being.

Affiliative behavior differed as a function of the interaction between group size and 

percentage of males, as chimpanzees housed in groups of seven or more with at least 50% 

males showed the highest level of affiliative behavior. This is consistent with Reamer et al. 

(2016), which found increased affiliative behavior in groups of seven or more chimpanzees. 

It may be that larger groups with more males exhibit higher levels of affiliative behavior as a 

way to decrease tension within the group. Previous studies have found that larger groups and 

groups with more males tend to exhibit a higher incidence of aggression (Alford et al., 1995; 

Baker et al., 2000; Fritz and Howell, 1999). Additionally, some studies have found that 

chimpanzees employ a tension-reduction strategy in response to certain social conditions, 
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such that affiliation increases, but aggression does not (de Waal et al., 2000; Judge & de 

Waal, 1997). The increased affiliation is thought to decrease the tension within the group, 

which then lowers chances of agonism (de Waal et al., 2000; Judge & de Waal, 1997; Videan 

& Fritz, 2007; but see Aureli & de Waal, 1997). It is possible that a similar strategy was 

adopted by chimpanzees in the present study. Chimpanzees in larger groups with more males 

exhibited higher levels of affiliation (an increase of approximately 2.5%), but not aggression, 

compared to smaller groups with a lower percentage of males. This suggests that increased 

levels of affiliative behavior may prevent aggression and maintain accord within the group. 

Another, perhaps more parsimonious, explanation is that the increased affiliation in larger 

groups with more males is indicative of enhanced well-being (Muroyama & Sugiyama, 

1994) as a result of a more functionally appropriate captive (social) environment. Given that 

males prefer other males as grooming partners (Bloomsmith & Baker, 2001), it is possible 

that the increased affiliation may be explained by increased grooming (and other affiliative) 

opportunities between males.

Behavioral management continually evolves toward optimal captive care. In the context of 

functionally appropriate group sizes and compositions, and in keeping with the assumption 

that higher levels of locomotion and affiliation are indicative of heightened well-being, there 

may be some room for welfare enhancement by increasing locomotion and affiliation, and 

decreasing inactivity through increases in social complexity. The lower percentage of 

inactivity and higher percentage of locomotion in groups with a wider age range, as well as 

the higher percentage of affiliation in larger groups with more males may be an indication 

that larger, more age-diverse groups with more males possess higher social complexity 

(AZA, 2010; Bloomsmith & Baker, 2001; Pruetz & McGrew, 2001). This complexity may 

require increased locomotion and affiliation (and decreased inactivity) in order to maintain 

social bonds, as chimpanzees move between and among groupmates to socialize. If this is 

the case, these results may indicate that larger, more age-diverse groups with more males are 

more functionally appropriate for captive chimpanzees. As such, these findings could be 

applied in a variety of captive settings. For example, careful construction of group size and 

composition could be one way to ensure a higher levels of locomotive behavior within a 

group, thereby reducing chances of obesity in the long-term (Bridges, Mocarski, Reamer, 

Lambeth, & Schapiro, 2013; Pruetz & McGrew, 2001). Behavioral managers attempting to 

create new social groups may choose animals based on age to create a wider age range, or 

may include more males in a group (in addition to a host of other compatibility factors) to 

increase affiliation and locomotion, and reduce inactivity. However, these data may be 

limited in their applications to existing social groups, as there are likely easier and safer 

ways to increase locomotion than by manipulating group size, age range, and percentage of 

males within an already-established social group, including rotation between different 

enclosure types and increasing novelty and complexity within the environment (Bloomsmith 

& Baker, 2001; Coe, Fulk, & Brent, 2001; Lukas, Hoff, & Maple, 2003; Neal Webb, Hau, & 

Schapiro, 2018a). Furthermore, as the captive population of NIH-owned and NIH-supported 

chimpanzees continues to age, and the age distribution becomes more skewed, behavioral 

management teams will have limited options in forming social groups based on age range.

Captive housing poses certain constraints on group size and composition (Bloomsmith & 

Baker, 2001; Else, 2013; Morgan & Tromborg, 2007; Price & Stoinski, 2007), and 
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behavioral managers must work within these constraints when attempting to optimize social 

housing. Various issues must be accounted for in the discussion, implementation, and 

evaluation of appropriate captive social groups, including limited space, increased risk of 

aggression with more males, an aging population that requires increased medical care and 

prevents large within-group age ranges, and compatibility of certain individuals with health- 

or management-related problems (Baker et al., 2000; Bloomsmith & Baker, 2001; Bridges et 

al., 2015; Hopkins & Latzman, 2017; Reamer et al., 2017). Overall, it may not be feasible to 

house all chimpanzees in large groups with a wide age range and/or more males. In this 

regard, data from the current study as a whole seem to be consistent with the explanation 

that larger group sizes with more males and wider age ranges (perhaps as a function of 

increases in social complexity) provide an increase in the functional appropriateness of the 

captive environment. However, this does not imply that other group sizes and compositions 

(e.g., groups of six or fewer with one to two males and a smaller age range) are NOT 

functionally appropriate. Levels of aggression, abnormal behaviors, and rough scratching 

(commonly used indicators of decreased well-being) were not significantly different across 

groups, and levels of each of these behaviors were low across all group sizes and 

compositions, comprising less than one-half of one percent, one percent, and one-third of 

one percent of all activity, respectively. Lastly, the overall levels of affiliation, inactivity, and 

locomotion across group sizes and compositions, while statistically different, were all within 

ranges reported in other studies of chimpanzee behavior (Baker, 2000, 2004; Duncan et al., 

2013; Ross et al., 2010), and are similar to ranges reported in the wild (Pruetz & McGrew, 

2001; Yamanashi & Hayashi, 2011). Therefore, chimpanzees in smaller groups, and/or with 

a smaller age range, and/or with fewer males do not seem to be suffering decreases in, or 

detriments to, welfare. We would suggest that it is beneficial to house chimpanzees in larger 

groups with a wider age range and/or more males. However, chimpanzees that must be 

housed in other group sizes and compositions due to health- or management-related reasons 

can still be housed in functionally appropriate social environments, and can still experience 

levels of well-being comparable to their counterparts in larger groups with more males and a 

larger age range.

This study demonstrates the importance of empirical examinations of existing 

recommendations. The higher levels of locomotion and affiliation observed in larger groups 

with a wider age range and/or more males are positive findings indicative of enhanced well-

being in the present study. From an applied behavioral management perspective, these data 

also suggest that chimpanzees in various group sizes and compositions may experience 

comparable welfare, an important fact given the limits that captive housing puts on group 

size and composition. There were no behavioral differences found as a function of group 

size alone or percentage of males alone, underscoring the importance of examining multiple 

factors that interact to affect behavior and welfare. Additionally, the group sizes and 

compositions found in the current study are similar to party sizes and compositions of wild 

chimpanzees (Else, 2013; see Table 1), but do not necessarily replicate the fission-fusion 

society of wild chimpanzees. This highlights the importance of functional simulations within 

the captive environment (Bloomsmith et al., 2017; Else, 2013; Reamer et al., 2017). 

However, more data are needed to examine 1) behavioral effects of group sizes larger than 
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10 and 2) the ways in which group composition factors may interact with larger group sizes 

to affect behavior.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Mean percentage of locomotion as a function of within-group age range category. Error bars 

represent standard error of the mean
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FIGURE 2. 
Mean percentage of inactivity as a function of withingroup age range category. Error bars 

represent standard error of the mean
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FIGURE 3. 
Locomotion interaction effect between group size and percentage of males within the group. 

Error bars represent standard error of the mean
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FIGURE 4. 
Affiliation interaction between group size and percentage of males within the group. Error 

bars represent standard error of the mean
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TABLE 2

Group size and composition at the end of the study period

Group Group size % Male Age range (yrs) Average age (yrs)

D4 4 30 3 49

D2 5 0 20 45

D3 5 33 19 36

D8 5 88 21 31

D1 6 17 11 34

D7 6 39 21 30

C4 7 29 37 35

C6 7 39 6 33

DQ 7 29 15 28

C1 8 50 15 30

C2 8 50 27 29

C3 8 50 8 31

C7 8 50 25 33

C8 8 50 20 45

CA 9 44 12 26

CB 9 54 5 26

C5 10 39 6 34

Group size and composition for some groups changed during the course of this study due to behavioral management and veterinary reasons. 
Therefore, the numbers presented in this table represent averages across the study period and are rounded to the nearest whole number.
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