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Differences in Behavior Between Elderly and
Nonelderly Captive Chimpanzees and the Effects
of the Social Environment

Sarah ] Neal Webb,?" Jann Hau," Susan P Lambeth,? and Steven J Schapiro'?

The population of NIH-owned or NIH-supported captive research chimpanzees is quickly becoming aged, and the 1998
NIH breeding moratorium has resulted in a skewed age distribution. As such, behavioral management programs aimed at
refining the care of an aging captive chimpanzee population have become increasingly important. However, little research
exists that addresses the ways in which captive chimpanzee behavior differs as a function of the interaction of age and aspects
of the captive environment. We examined overall differences in behavior between elderly (35 y and older) and nonelderly
(younger than 35 y) captive chimpanzees. Elderly chimpanzees exhibited significantly more rough scratching (a behavioral
indicator of anxiety) and inactivity, less behavioral diversity, and less affiliation than their nonelderly counterparts. We also
assessed whether elderly chimpanzee behavior and wounding rates differed as a function of housing in geriatric (group
average age, 35 y or older) or nongeriatric (group average age, younger than 35 y) groups. In our program, geriatric social
groups were characterized by smaller group size, more females within the group, and higher levels of individual mobility
impairment compared with nongeriatric groups. Furthermore, elderly chimpanzees housed in geriatric groups displayed
significantly increased rough scratching, decreased locomotion and submission than nongeriatric animals but no difference
in wounding. These findings suggest that housing elderly chimpanzees in nongeriatric groups may be beneficial, given that
doing so may stimulate locomotion. However, the establishment and maintenance of geriatric groups may be unavoidable as
the demographics of the population of captive former research chimpanzees continues to age. Therefore, refinements to cap-
tive geriatric care strategies for chimpanzees should focus on methods of evaluating and enhancing functionally appropriate

captive environments within geriatric groups.
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In 1998, the NIH announced a breeding moratorium on all
NIH-owned or -supported research chimpanzees in the United
States, creating an increasingly skewed age distribution in the
research population.!” Advances in health care allow captive
chimpanzees to live until well after 50 y of age.!>?%32 As such,
this current chimpanzee population is quickly becoming an
aged one.

Like humans, elderly chimpanzees face increased risks of
experiencing a variety of age-related ailments, including hyper-
tension, heart disease, mobility impairment, arthritis, Alzheimer
pathology, and diabetes.!31418242627.32 Although a plethora of
research that assesses physiologic and cognitive changes related
to advanced age in chimpanzees is available, studies examining
the behavioral effects of old age are sparse. In the wild, the social
behavior of elderly chimpanzees is characterized by withdrawal
from the group and social interactions, and, in particular, female
chimpanzees increasingly spend time exclusively with family
members.51522 In addition, male dominance rank can drop with
old age, but female rank often remains the same.' In fact, old
female chimpanzees may enjoy certain advantages within the
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group, given that male chimpanzees seem to prefer to mate with
older—even geriatric—females.?

Studies that have examined behavioral changes in elderly
captive chimpanzees involve fairly small sample sizes, and
findings are conflicting. In one study,® old age (that is, greater
than 30 y) in 6 chimpanzees was characterized by lower levels
of activity, reduced mobility, and increased self-grooming and
other solitary activity. In addition, aged chimpanzees (30 to 44 y;
n =14) housed in pairs or trios exhibited less aggression, locomo-
tion, and object manipulation than younger chimpanzees (11 to
22 y; n = 20) but affiliation did not differ.® Conversely, a study
that examined differences between 12 younger chimpanzees
(12 to 26 y) and 12 older chimpanzees (36 to 44 y) reported no
significant difference across any of the 70 behaviors evaluated;
the authors suggested that there was no evidence of consistent
age-associated behavioral differences.®

Behavioral management techniques are designed to enhance
the welfare of NHP in captivity. Specific attempts to enhance
the welfare of captive elderly chimpanzees are becoming more
common, including the use of acupuncture and laser therapy
for treatment of arthritis, self-medication paradigms, and
systematic programs that use personalized care approaches
for geriatric animals.!02325-2730.3437 I addition, behavioral
management techniques have focused on methods to enhance
the captive environment of elderly chimpanzees in ways that
are functionally appropriate, promote species-typical behav-
iors, and encourage locomotor activities that are necessary for
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healthy aging.* Elderly chimpanzees often experience mobility
impairments that may limit their ability to escape aggression
during agonistic encounters, potentially increasing rates of
wounding and other health-related problems in those that live
in large, age- and sex-diverse social groups.!8263032 As a way
to prevent detrimental effects to elderly chimpanzee welfare
resulting from these types of situations, some behavioral man-
agement programs establish and maintain ‘geriatric groups.’
Such groups house elderly chimpanzees with health or mobility
impairments together, to 1) facilitate access to animals that are in
need of specific treatment regimens, 2) provide a physical envi-
ronment that supports access to all portions of the enclosure, and
3) provide a social environment that minimizes the deleterious
effects of intragroup aggression.*!% Although geriatric groups
are becoming more common in captive settings, little research
has examined the ways in which housing in different types of
groups affects the behavior of chimpanzees of advanced age.
As the proportion of captive formerly research chimpanzees
thatis elderly (35 y of age and older) continues to grow, empiri-
cal examination of the environment of these animals becomes
increasingly important for facilities that house this currently
expanding population.

At our facility, the National Center for Chimpanzee Care,
more than 30% of the chimpanzees are considered elderly (or
geriatric). These chimpanzees are housed in a variety of group
sizes and compositions. As part of a larger project examining
the behavioral and welfare effects of refinements to behavioral
management techniques and the captive environment at the
NCCC, we aimed to examine captive chimpanzee behavior as
a function of advanced age and the social environment.?>-3! We
were specifically interested in the following questions. First, us-
ing the definition of elderly as 35 y and older proposed by past
literature, in what ways does overall behavior differ between
elderly and nonelderly chimpanzees?®>38 Second, at what age
does a chimpanzee begin to behave like an elderly chimpanzee?
In other words, when does a chimpanzee’s behavior begin to
deviate from younger chimpanzee behavior? Third, what are the
size and compositional characteristics of a geriatric group com-
pared with a nongeriatric group in our program? And fourth,
among elderly chimpanzees, does behavior differ as a function
of living in a geriatric compared with a nongeriatric group?

Materials and Methods

Subjects and housing. Subjects comprised a total of 118 chim-
panzees (72 females and 46 males) housed at the the National
Center for Chimpanzee Care (Michale E Keeling Center for
Comparative Medicine and Research, The University of Texas
MD Anderson Cancer Center, Bastrop, TX). Chimpanzees were
housed in 17 separate social groups of 4 to 10 animals each in
corrals or ‘primadomes’. 2% Of these 118 chimpanzees, 27 were
nursery-reared, 76 were mother-reared, and 15 were wild-born.
For the purposes of this study, 35 of the 118 chimpanzees were
considered elderly (35 y and older), with an average age of
41.62 y (SE, 1.12 y; range, 35 through 56 y), and the remaining
83 were considered nonelderly (mean age, 27.04 y, SE, 0.49 y;
range, 15 through 34 y). Of the 35 elderly chimpanzees, 20 were
housed in geriatric groups (that is, groups with a mean age of
35y or older), and 15 were housed in nongeriatric groups (that
is, groups with a mean age of younger than 35 y).

As part of an existing behavioral management program for
elderly chimpanzees, several adaptations of the standard hous-
ing environment, daily healthcare procedures, diet, and training
routines were aimed at creating personalized, cageside care for
each geriatric animal. These adaptations include ramps within

enclosures to facilitate movement and the use of various heights
in the enclosure, positive reinforcement training to allow chim-
panzees to voluntarily participate in health-related procedures
(for example, acupuncture), and additional enrichment and
feeding devices that are adapted to address physiologic changes
or that may serve as physical therapy.10:17:34

The research conducted in this study complied with protocols
approved by our facility’s IACUC and complied with the legal
requirements of the United States and the ethical guidelines put
forth by AALAS, the Animal Welfare Act,® and the Guide for the
Care and Use of Laboratory Animals.?!

Procedure. Behavioral observations were conducted by us-
ing 15-min focal animal sampling (Altmann, 1974).2 Data were
collected (Observer XT, Noldus, Leesburg, VA) between 1200
and 1600, counterbalanced across 1200 to 2400 and 0700 to 1200
from August 2016 through May 2018. Each chimpanzee served
as a focal animal in a minimum of 22 observations, for a total of
more than 705 h of data, including 200 h of observation of the
35 geriatric chimpanzees. Behavioral categories included inac-
tive, aggressive, object manipulation, locomotive, submissive,
affiliative, abnormal, self-directed, and proximity (near, distant,
or touching). See Supplementary Figure S1 for the ethogram.

As part of the behavioral management and veterinary pro-
grams at our facility, chimpanzees that exhibit mobility issues
are assigned to ‘mobility watch,” whereby veterinary techni-
cians, trainers, and caregivers rate each chimpanzees’ overall
mobility by using an established mobility impairment scoring
system.® The scoring system is composed of 6 categories that are
rated on a scale of 1 to 5, with 1 indicating no impairment and
5 indicating the most impairment (Figure 1), such that higher
scores indicate more severe mobility impairments. Raters reli-
ably score the mobility of these chimpanzees once each month
(intraclass correlation, 0.96). During the course of this study, 10
of the 35 elderly chimpanzees had mobility issues and therefore
were rated by using this system. Chimpanzee’s mobility scores
throughout the course of the present study were averaged to
create an overall mobility impairment score. Although scores
theoretically could range from 6 to 30, observed scores ranged
from 6 to 16 only (mean, 8.79; 1 SD, 2.38). Chimpanzees without
mobility issues were not scored in regard to mobility (because
they had no mobility issues) and were assumed to have a
score of 6 (that is, 1 for each of the 6 categories), indicating no
impairment.

Data analysis. Data were analyzed by using the techniques
that we have published previously.?*3! Briefly, durations of
each behavior were averaged across all observations for each
chimpanzee, with ‘in-view” duration as the denominator. Av-
erage duration was then converted into a percentage of total
time (that is, percentage of time of behavior = [duration of
behavior / in-view duration] x 100%). A behavioral diversity
score was calculated by counting the total number of differ-
ent behaviors that the chimpanzee exhibited, excluding any
negative welfare-related behaviors. In addition, we calculated
proximity scores for each chimpanzee ([time spent near + time
spent touching] / time spent distant), in which a higher score
is indicative of closer average proximity to group mates. Lastly,
the total number of wounds that required veterinary treatment
across the approximately 2-y data collection period was calcu-
lated for each chimpanzee. Wounding primarily resulted from
intragroup aggression and included punctures, lacerations,
abrasions, bites, lameness, swelling, and abscesses. The number
of wounds was derived from an existing health database used
by veterinarians and veterinary technicians to track and treat
health issues. Therefore, the dependent variables for this study
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Score (minimal [description];
maximal [description])

1 (no difficulty);

5 (cannot sit up)

Behavior
Rising from resting position

Climbs and brachiates (no difficulty);

1

5 (cannot climb or brachiate)
Bears weight on all 4 limbs 1 (no impairment);

5 (impairment in all limbs)
Limb placement and function 1 (no impairment);
5 (no control)

1 (moves with ease);
5 {cannot move)

Speed of movement

Discomfort and stiffness 1 (none observed);

5 (continuous severe discomfort)

Figure 1. Mobility scoring system used in the current study. Higher
scores are indicative of greater impairment in mobility.

included the number of wounds over the 2-y data collection
period, behavioral diversity scores, proximity scores, and be-
havioral percentages (rough scratching, aggressive, locomotive,
submissive, affiliative, abnormal, and inactive).

Prior to analyses, data were examined for normality by us-
ing Q-Q plots and histograms. Except for behavioral diversity
and inactivity, all data were positively skewed, and we there-
fore used bootstrapping for all analyses. First, bootstrapped
independent samples t tests were used to assess behavioral
differences between geriatric (35 y and older) and nongeriatric
(younger than 35 y) chimpanzees. Second, we divided chim-
panzees into 5 age groups to achieve approximately equal
age intervals and similar numbers of chimpanzees in each
age group: 24 y and younger, n = 19; 25 through 29 y, n = 41;
30 through 34 y, n = 23; 35 through 39 y, n = 19; and 40 y and
older, n = 16. Bootstrapped multivariate analysis of covariance
with Bonferroni posthoc comparisons was used to assess be-
havioral differences among age groups. Mobility impairment
scores, group size, within-group age range, and percentage of
male chimpanzees in the group were used as covariates.?! The
remaining analyses focused only on elderly chimpanzees and
the effects of social housing conditions on behavior and wound-
ing. Because group size and the average age of the group were
significantly negatively correlated (r = -0.78, P = 0.0001), we
were unable to assess the effects of these factors independently.
Instead, we defined the characteristics of geriatric groups, and
then examined the behavioral effects of housing in these types
of groups. A series of independent sample ¢ tests were used
to characterize geriatric and nongeriatric groups, including
average age of the group, average mobility score, group size,
percentage of males, and within-group age range. We then used
multivariate analysis of covariance with mobility impairment
scores as a covariate to examine behavioral differences between
elderly chimpanzees housed in geriatric groups compared with
those in nongeriatric groups. Correlations were used as posthoc
analyses to explore any significant effects of mobility impair-
ment scores as a covariate on behavior. Using the Levene test for
equality of variances, we report t values and, where appropriate,
the degrees of freedom for unequal variances.

Lastly, independent samples ¢ tests were used to assess dif-
ferences in number of wounds between elderly and nonelderly
chimpanzees and between elderly chimpanzees housed in
geriatric and nongeriatric groups. A correlation was then used
to examine the relationship between the number of wounds
during the 2-y data collection period and mobility scores. All

Behavior of geriatric chimpanzees

o levels were set to a P value of 0.05 or less.'®* We also report
trending differences, for which the o level was a P value of 0.05
to 0.09. All analyses were conducted by using SPSS 24 (IBM,
Armonk, NY).

Results

Behavioral differences between elderly and nonelderly chim-
panzees. Independent samples ¢ tests were used to examine
overall differences in behavior between elderly and nonelderly
chimpanzees. Elderly chimpanzees exhibited significantly (P =
0.003) more rough scratching (mean + SE, 0.39% + 0.04%) com-
pared with nonelderly chimpanzees (0.22% +0.02%; ¢, . =-3.54;
Figure 2 A). In addition, elderly chimpanzees had lower (P =
0.008) behavioral diversity scores (22.57 £ 0.54) than nonelderly
chimpanzees (24.39+0.37; ¢, . =2.72; Figure 2 B) and greater (P =
0.001) inactivity (60.37% * 1.65%) than nonelderly chimpanzees
(563.42% + 1.10%; t,,, = -3.46; Figure 2 C). Lastly, elderly chim-
panzees exhibited less (P = 0.018) affiliative behavior (8.53% *
0.97%) compared with nonelderly chimpanzees (11.27% * 0.64%;
t,, = 2.35; Figure 2 D).

Behavioral differences among age categories. Multivariate
analysis of covariance among the 5 age categories revealed
significant differences only in inactive behavior (F, , = 5.22,
P =0.001; Figure 3 A) and affiliative behavior (F,,,, =243, P =
0.047; Figure 3 B). Specifically, chimpanzees that were 40 y or
older exhibited significantly higher levels of inactivity (61.60%
+2.83%) than chimpanzees that were 24 y or younger (48.30%
+2.12%, P =0.005), and chimpanzees that were 35 to 39 y of age
exhibited a trend toward greater (P = 0.09) inactivity (56.58% *
2.20%) compared with chimpanzees that were 24 y or younger.
In addition, inactivity levels were higher (P = 0.004) in chim-
panzees that were 25 to 29 y of age (57.62% * 1.48%) compared
with chimpanzees that were 24 y or younger. Regarding affili-
ative behavior, chimpanzees that were 40 y or older exhibited
significantly (P = 0.034) lower affiliative behavior (6.71% *
1.03%) than chimpanzees that were 24 y old or younger (13.74%
+1.35%). There were no other significant behavioral differences
across age categories, and all other posthoc comparisons were
nonsignificant (P > 0.05).

Characteristics of geriatric groups at our facility. Among
elderly chimpanzees, those housed in geriatric groups were
significantly (P = 0.05) older (n = 20; mean + SEM, 43.40 + 1.66
y) than geriatric chimpanzees housed in nongeriatric groups
(n=15;39.26 +1.24y; t, , =-2.0). Average group age was sig-
nificantly (P = 0.0001) older in geriatric groups (40.75 +1.21y)
compared with nongeriatric groups (31.14+0.64 y; ., ==7.00).
Elderly chimpanzees in geriatric groups had significantly (P =
0.016) higher mobility scores (7.43 +0.51), indicative of increased
impairment in mobility, compared with those in nongeriatric
groups (6.07 +£0.067; t , ., =—2.64,). In addition, geriatric groups
had 8 animals on mobility watch compared with 3 animals in
nongeriatric groups. Geriatric groups were significantly (P =
0.0001) smaller (5.23 £ 0.27 chimpanzees per group) than non-
geriatric groups (7.37 £ 0.37 chimpanzees per group; t,, = 4.82).
Within-group age range was similar across geriatric (16.75 £2.42
y) and nongeriatric (18.40 £ 1.98 y; ¢, = 0.50; P = 0.62) groups.
Lastly, male chimpanzees comprised a significantly (P = 0.0001)
smaller proportion of geriatric groups (20% + 3%) compared
with nongeriatric groups (48% + 4%; t., = 5.66).

Elderly chimpanzees: behavioral effects of housing in geriatric
groups. Multivariate analysis of covariance, with mobility
impairment scores as a covariate, was used to examine be-
havioral differences between elderly chimpanzees housed in
geriatric groups and those housed in nongeriatric groups.
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Figure 3. Behavioral differences among chimpanzee age categories. *, P < 0.05; t, P < 0.01.

Mobility impairment scores had a significant effect on behav-
ioral diversity scores (P = 0.038) and inactivity (P = 0.012). To
further explore these effects, correlations showed that mobility
impairment scores were significantly positively correlated with
inactivity scores (r,; = 0.49, P = 0.003) and significantly nega-
tively correlated with behavioral diversity (r,, =-0.40, P =0.02).

Elderly chimpanzees housed in geriatric groups exhibited sig-
nificantly (P = 0.004) more rough scratching (0.50% * 0.05%) than
those housed in nongeriatric groups (0.24% £ 0.06%; F ,, = 9.59;
Figure 4 A). In addition, chimpanzees housed in geriatric groups
showed lower (P = 0.027) percentages of locomotion (5.38% *
0.66%) compared with chimpanzees in nongeriatric groups

(7.82% % 0.77%; F1,32 = 5.38; Figure 4 B). Lastly, chimpanzees
in geriatric groups showed lower (P = 0.046) levels of submis-
sive behavior (0.05% * 0.02%) compared with chimpanzees in
nongeriatric groups (0.12% * 0.03%; F, ,, = 4.33; Figure 4 C).
Elderly chimpanzees: no. of wounds as a function of geriatric
status, mobility impairment, and housing in geriatric groups.
Wounding did not differ regardless of whether chimpanzees
were elderly (average no. of wounds per animal, 3.57 + 0.56) or
not (4.52 £ 0.37; P = 0.16). There were no significant differences
in wounding between elderly chimpanzees housed in geriatric
groups (3.05 £ 0.79) and those housed in nongeriatric groups
(4.27 £ 0.71; P = 0.30). Lastly, the number of wounds was not
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significantly correlated with elderly chimpanzees’ mobility
impairment scores (r = -0.28, P = 0.10).

Discussion

The current study aimed to 1) examine behavioral differences
between elderly and non elderly chimpanzees, 2) identify a
behavioral age category definition for elderly chimpanzees,
3) characterize the composition of geriatric and nongeriatric
groups in our program, and 4) assess differences in the behav-
ior of elderly chimpanzees as a function of housing in geriatric
and nongeriatric groups. Results showed that—compared
with nonelderly chimpanzees—elderly chimpanzees show a
number of important, welfare-related differences in behavior,
including greater rough scratching and inactivity and lower
behavioral diversity and affiliation. In addition, chimpanzees
that were 40 y or older exhibited higher levels of inactivity and
lower levels of affiliative behavior compared with chimpanzees
younger than 24 y. Compared with nonelderly groups, geriat-
ric groups were characterized by higher average group age,
higher mobility impairment scores, smaller group size, and a
lower percentage of male chimpanzees. Compared with aged
animals in nongeriatric groups, elderly chimpanzees housed
in geriatric groups exhibited behavioral differences, including
lower levels of locomotion, higher levels of rough scratching,
and lower levels of submissive behavior. However, although
the differences in rough scratching and submissive behavior
were statistically significant, they may not be biologically
meaningful, as discussed later. Lastly, wounding frequency was
unaffected by elderly status, mobility impairment, and housing
in geriatric groups.

These findings are consistent with previous reports of de-
creased aggressive and manipulative behavior and increased
inactivity and solitary behavior in older chimpanzees.*!52235
Aged chimpanzees, like their human counterparts, are likely

to experience mobility issues and other age-related conditions
(that is, hypertension, heart disease, arthritis, diabetes).?3? As
a result, these chimpanzees may begin to display decreasing
activity and species-typical behaviors, including affiliative be-
haviors, thereby perhaps contributing to an overall decreased
diversity in behavior, as was seen in the current study. These
results have implications on the assessment of welfare. Given
that some changes in behavior related to advanced age are likely
unavoidable, behavioral managers should account for elderly
status when assessing welfare. For example, using measures
of levels of behavior that are indicative of positive welfare in
younger animals may result in misleading conclusions about
diminished welfare when applied to elderly animals. Therefore,
it is of utmost importance that the welfare of each chimpanzee
be considered in the context of individual variation and nor-
mal, age-related changes. Indeed, the behavioral management
program at our facility uses a Quality of Life program, whereby
the welfare of individual chimpanzees is assessed by using
personalized behavioral guidelines to determine any potential
decreases in welfare relative to each animal’s own baseline
level of behavior.?? Systems such as these likely will be valuable
when implemented at facilities that house or will house captive
elderly chimpanzees.

Data from the current study revealed 2 behavioral differences
as a function of the age category: chimpanzees that were 40y or
older had significantly higher inactivity levels and lower affili-
ative behavior compared with younger chimpanzees. Previous
studies have defined the age at which chimpanzees become
elderly as 30 or 35 y or older.#*2%3 However, we found that
chimpanzees that were 30 to 34 y or 35 to 39 y exhibited levels
of behavior that were similar to that of chimpanzees in younger
age categories. Perhaps aged chimpanzees in the current popu-
lation do not begin to behave as “elderly” until later in life,
likely because of refinements in chimpanzee medical care and
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behavioral management over the past decades. Indeed, our
data suggest that 40 y is the age at which chimpanzees begin
to exhibit behavioral signs of being elderly. However, more
empirical data are needed to further examine the concept of a
behavioral age definition for elderly.

Geriatric and nongeriatric group composition differed in
several regards, and elderly chimpanzees exhibited behavioral
differences as a function of housing in these groups. Geriatric
groups tended to contain fewer chimpanzees and be composed
of older animals (mostly females) with more prominent mo-
bility issues. This situation is unsurprising: as the population
continues to age, chimpanzees are likely to experience mobility
impairment, female chimpanzees are more likely to live longer
than male animals, and groups are likely to become smaller as
a result of morbidity and mortality.!>2632 Regarding behavior,
elderly chimpanzees housed in nongeriatric groups showed
higher levels of locomotion and submissive behavior and lower
levels of rough scratching compared with geriatric chimpanzees
housed in geriatric groups. These behavioral differences may
reflect the smaller percentage of males, the group size, increased
mobility impairment, or a combination of these characteris-
tics. These data suggest that housing elderly chimpanzees in
nongeriatric groups may have various behavioral advantages,
including increased locomotion and decreased anxiety (rough
scratching). However, these advantages do not imply that
placing elderly animals into newly formed or unfamiliar non-
geriatric groups will enhance their welfare. Indeed, the costs of
forming new nongeriatric groups likely outweigh the benefits of
the familiarity and social stability of existing geriatric groups.
Although the levels of submissive behavior and rough scratch-
ing differed significantly between geriatric and nongeriatric
groups, these differences were small in magnitude (0.07% and
0.2%, respectively) and may not represent biologically meaning-
ful differences in behavior and welfare. Furthermore, the levels
of rough scratching, submissive behavior, and locomotion were
within ranges reported by other studies of captive chimpanzees,
and wounding did not differ as a function of housing in our
geriatric and nongeriatric groups.”!'?¢ As such, data from the
current study suggest comparable welfare between elderly
chimpanzees housed in geriatric and nongeriatric groups. The
welfare implications of housing aged chimpanzees in geriatric
groups will depend on individual chimpanzee needs, and deci-
sions about the compatibility of elderly chimpanzees in certain
social groups must be made on a case-by-case basis.®*

The current study is the first to investigate behavioral
differences between chimpanzees housed in geriatric and
nongeriatric groups. Unfortunately, as we mentioned in the
data analysis section, we were unable to tease apart the ef-
fects of group size, average age of the group, and percentage
of males within the group on geriatric chimpanzee behavior.
As a result, our analyses focused on the behavioral effects of
housing in geriatric groups as a whole. Future research should
attempt to examine these variables independently. Neverthe-
less, our current data have practical implications for behavioral
management programs across captive settings. The ability of
behavioral managers to create compositionally diverse groups
will become progressively limited as the population continues to
age and all chimpanzees eventually become elderly. In addition,
easier access to animals for observation and treatment of age-
related ailments will become an increasingly important aspect
of captive care as the population continues to age 51019262734
Future investigations should focus on the implementation and
assessment of preventative measures aimed at maintaining
appropriate levels of welfare-related behaviors, such as locomo-

tion and species-typical behaviors, within geriatric groups. For
example, structural enhancements to the physical environment
and increased voluntary participation and choice within the
environment have been used to increase locomotion, activity,
and behavioral diversity of aged chimpanzees.?1017,26:30

Supplemental Materials
Figure S1. Ethogram of behaviors.
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