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Abstract

There are some predictable patterns of trauma in captive rhesus macaque (Macaca mulatta) social
groups. Several factors have been documented to contribute to these patterns, including group
formation of unrelated animals and the establishment of dominance ranks. Here, we report on how
socially induced trauma in groups of rhesus monkeys is influenced by the breeding season,
numbers of matrilines per group and matriline size. We analyzed three years of data collected from
veterinary admittance logs for four groups in our specific pathogen free (SPF) breeding colony.
Since the groups differed in time from formation, both the numbers of matrilines and the
composition of those matrilines were different. Across the four groups, trauma rates were
significantly higher during the fall breeding season than the spring and summer months when
births occur. The group that was formed most recently, comprised of the greatest number of
matrilines but fewest related animals, showed significantly higher rates of trauma than the older
social groups. Further, the middle and lowest ranking families received signifincantly higher rates
of trauma than the highest ranking families, suggesting a rank—related phenomenon. Additionally,
there was a significant negative correlation between numbers of adult females in a matriline and
rates of trauma observed in each matriline, but the numbers of adult females are significantly
higher in the top ranked families compared to all of the other matrilines. These findings suggest
that trauma rates increase during the breeding season and may be exacerbated in recently formed
breeding groups that have smaller matrilines and reduced opportunities for social support to
mitigate rank-related aggression. Management practices should be devised to ensure adequate
matrilineal size to decrease rates of trauma in captive rhesus macaque groups.
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Introduction

The NIH-funded National Primate Research Centers began the conversion of their
conventional breeding colonies to Specific Pathogen Free (SPF) status in the 1990s in
response to National Center for Research Resources (NCRR) contracts released in 1988 to
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reduce risk of exposure of workers to potential harmful pathogens, in particular,
Cercopithecine Herpesvirus 1 (CHV-1). Because endemic simian retrovirus infection in
rhesus monkeys was widespread and in an experimental setting impacted Human
Immunodeficiency Virus (HIV) research in macaques, simian immunodeficiency virus
[SIV], Type D simian retrovirus [SRV] and simian T-lymphotrophic virus 1 [STLV-1] were
also targeted for exclusion in the SPF breeding groups. Like HIV, simian retroviruses can
cause neoplasia, leukemias, neurological disease, and immunodeficiency syndrome in
nonhuman primates (Buchl et al., 1997;, Daniel et al., 1984, 1985; Lerche et al., 1991;
Lerche et al., 1994, Letvin et al., 1985; Lowenstine et al,1986; Murphey-Corb et al., 1986;
Chakrabarti et al., 1987) which can negatively impact the HIVV/AIDS research in macaque
species.

The conversion of the Yerkes National Primate Research Center (YNPRC) colony to SPF
status was accomplished by removing juvenile animals from their natal conventional groups
and creating small, peer-reared groups that were isolated from the conventional animals and
underwent rigorous viral testing to achieve and maintain a pathogen-free state (Goin and
Gust, 1998). Due to this animal selection process, the newly formed social groups of SPF
monkeys were usually composed of multiple peer-groups of unrelated animals, resulting in
social groups with many small sized matrilines. These new social groups did not reflect the
large and multigenerational matrilines that characterize both free-ranging and captive, long-
established conventional social groups of rhesus monkeys (Maestripieri and Hoffman, 2012).
For example, one study in Cayo Santiago (a semi free ranging population of rhesus
macaques) found that the average number of individuals in matrilines ranged from 7 to 35
with the number of matrilines ranging from two to six across four social groups (Olivier et
al., 1981). Further, Maestripieri and Hoffman (2012) found that between 2005-2010, the
Cayo Santiago population consisted of 900-1000 individuals divided into six groups,
ranging in size from 70 to 300 individuals. These groups contained only a few, very large
matrilines (e.g., group R, N= 280, contained only three matrilines) that likely functioned to
facilitate the influence of kinship on grooming and agonistic support within the group
(Maestripieri and Hoffman, 2012). These large social groups can also exhibit very high rates
of aggression and fighting (Bernstein, 1976).

There are multiple causes of aggression in captive rhesus monkeys. For example, it is well
documented that formation of new groups contributes to extensive aggressive behavior
(Bernstein and Mason, 1963; Southwick, 1967; Bernstein, 1969). This is due to the
behaviors associated with the establishment of a dominance hierarchy, with lower-ranking
animals generally receiving disproportionately more aggression (Rose, et al., 1974; Gust, et
al., 1991). The dominance structure is maintained by aggression (Bernstein et al., 1974) and
aggression is known to primarily occur over competition for resources for which in captive
groups can include preferred food items, space and mates (Bernstein et al., 1974; Deutsch
and Lee, 1991; Meishvili et al., 2009). While it has been suggested that social groups
stabilize following initial aggression, outbreaks of severe aggression do occur in these
seemingly stable social groups (Samuels and Henrickson, 1983). One factor which
contributes to these increased levels of aggression is the simultaneous maturation of
adolescents, either a larger cohort or a few individuals (Samuels and Henrickson, 1983).
Additionally, while infrequent, high ranking matrilines can be displaced by lower ranking
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group mates through matriline “overthrows”. These extremely aggressive interactions
generally result in injury and sometimes death to the members of the deposed matriline.

Rhesus macaques are seasonal breeders with the majority of breeding occurring between
September and December in North America with subsequent births occurring in the spring
and summer months (Lindburg, 1971; Loy, 1971; Drickamer, 1974). The breeding season is
associated with increases in the gonadal hormones that produce fertility and increase
socially motivated behaviors such as mate seeking. Specifically testosterone rises in males
with the onset of the breeding season and estradiol increases in females during the
periovulatory period (Baulu, 1976). Both the rise of the gonadal hormones and the
associated behaviors can result in an increase in both affiliative and aggressive behaviors
(Wilson and Boelkins, 1970; Michael and Zumpe, 1993). As observed in free-ranging rhesus
macague groups, it is not unexpected that aggression resulting in trauma would increase
during the breeding season in captive macaques as well (Drickamer, 1975, Walker et al.,
1983).

Successful management of captive rhesus macaque colonies includes maintaining the social
and physical health of the animals. Thus, by identifying and understanding the hierarchical
ranking of individual animals, patterns and interactions that deviate from expectations can
indicate unrest in the group, possibly affecting the overall health of that social group. The
colony management department at YNPRC performs routine behavioral observations on all
social groups to gather information on rank hierarchy. Agonistic interactions as well as
affiliative behaviors are recorded and if animals are not directing their behavior
appropriately, for example, if subordinate animals are able to threaten or displace dominant
animals, this might indicate instability within a single matriline within the group, or overall
group instability. These agonistic events might result in trauma events, ranging in severity.
Recognizing that trauma rates differ across seasons is also valuable information when
evaluating social stability and social health of a breeding group. Our objective for this study
was to investigate the relationship between the numbers and size of matrilines with the rates
of trauma in a subset of our SPF rhesus macaque breeding groups. Since the formation of
our SPF groups included small numbers of related adult females and multiple unrelated
peers, we hypothesize that this composition of groups could potentially contribute to
increased aggression and long-standing social instability. Furthermore, we predict that the
increase in size of individual matrilines and/or reduction of the number of small matrilines
over time should be correlated with reduced aggression.

All procedures described in this report adhere to the American Society of Primatologists
Principles for the Ethical Treatment of Primates, the NIH Guide for the Care and Use of
Laboratory Animals, and the Emory Institutional Animal Care and Use Committee (IACUC)
standards. Yerkes National Primate Research Center is an AAALAC International accredited
facility.
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Study Subjects and Housing

This study focuses on four groups of rhesus macaques, ranging in size from 100 — 180
individuals, living at the Yerkes National Primate Research Center, Field Station
(Lawrenceville, GA) between 2012-2014. The four study groups, housed in semi-natural,
indoor/outdoor compounds, were comprised of breeding aged males (BAM), breeding aged
females (BAF) and juveniles and infants of both sexes. At the time of the study, no females
had reached an age that has been associated with perimenopause or menopause in macques.
(Walker & Herndon, 2008). Matriline size and overall number of animals within each group
were fairly stable over the entire study period (see Table 1). Matriline size was determined
by the number of adult females (> 3 years old). All groups lived in similarily-size areas with
the large, outdoor, open-top enclosure comprising 16,128 sqft with an adjacent heated inside
area comprising 388.5 sqft. The large outdoor portion has natural environmental stimulation
and includes multiple climbing and perching apparatus for physical enrichment, to permit
social privacy and to elicit natural behaviors. Animals were provisioned with ad libitum
water, monkey chow (Lab Diets, 5038) and regular produce. Standard toys and destructible
or edible enrichment were offered on a rotating, daily basis.

Formation of SPF Groups

The groups were designated as A, B, C, D. All groups studied in this analysis were
originally formed in a similar manner. Briefly, young male and female rhesus macaques,
aged 9-12 months, were removed from different non-SPF groups across the breeding colony
based on the absence of Herpes B, SIV, SRV and STLV-1. These SPF candidates lived in
peer groups and completed at least one year of viral screening to ensure pathogen-free
status. Older females identified in the initial SPF cohort served as maternal role models for
the juvenile peer groups and eventually developed into the alpha matrilines within each
group. With the addition of breeder males, these newly formed groups began to expand as
females reached reproductive age and produced offspring. Each group averaged two breeder
males throughout the study period as well. Table 1 summarizes original group formations
and current demographics.

Data Collection

Social and clinical observations were carried out on a daily basis for all animals. The
behavioral data collected by Colony Management personnel include all occurrences of
dyadic agonistic and submissive behaviors as well as affiliative and sexual interactions as
defined by departmental ethograms. Agonistic and submissive data are plotted in a
dominance matrix to determine rank.

Technicians who were trained in both animal identification and behavioral observations
performed daily behavioral assessments on the rhesus colony. Animals exhibiting changes in
behavior that indicated signs of clinical illness or trauma were triaged by the veterinary
technicians in consultation with the attending clinicians. Traumatic injuries included digit
and tail trauma, skin lacerations or puncture wounds, skin tears and lameness. Based upon a
set of YNPRC veterinary guidelines, these categories were further defined as mild, moderate
or severe; however, for the purposes of this study, there was no differentiation in the severity
or type of trauma. Generally, animals that exhibited injuries that included bone exposure,
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muscle involvement, continued or severe lameness or degloving would be transported to the
veterinary clinic for evaluation and recorded in the clinic admittance log. For these analyses,
these clinic admittance log data from each of the four groups (A, B, C, D) between 2012 and
2014 were used, however only data from 2013-2014 were used for group D since the group
was temporarily split in 2012. Table 1 provides a summary of the groups included in the
study.

Statistical Analyses

Results

For the purposes of this paper, only animals that were removed from the social group,
requiring veterinary treatment were included in analyses. To account for varying number of
animals per group and matriline, trauma frequencies were standardized to reflect rates of
trauma per matriline, except for the analysis of seasonal effect since we were simply
describing the seasonal pattern of trauma rather than rates of trauma. In this standardization,
trauma frequencies were adjusted by numbers of females in each matriline. For example, if
the alpha matriline in Group A received 15 instances of trauma, that number was adjusted by
dividing by the number of females in that matriline (N=12). This adjustment allowed the
comparison of rates of trauma in groups with varying numbers of animals, specifically adult
females. In the analysis of seasonal effect, actual trauma frequencies were used and thus the
larger groups with more animals had higher frequencies of trauma. Each of the four social
groups were also divided into three dominance tiers: High (top three families), low (bottom
three families) and middle (all remaining families). The middle ranking families were
combined even if there were more than three total families because many of these middle-
ranking matrilines were from the same peer group and composed of a few numbers of adult
females. Finally, to evaluate the effect of season on instances of trauma, we grouped months
into Winter (Jan, Feb, Mar), Spring (Apr, May, Jun), Summer (Jul, Aug, Sep) and Fall (Oct,
Nov, Dec). One-way and Two-way ANOVA tests, as well as correlations were analyzed
using SPSS Statistics v. 24 (IBM). For all tests, a value was set at 0.05 for significance and
all tests were two-tailed. After an overall significant One-way ANOVA result, Bonferroni's
multiple comparison tests were explored, while Tukey's test was used for the Two-way
ANOVA results.

The population size and number of matrilines differed across the four social groups. Due to
the removal of animals from each social group for research study assignments (normally mid
or low ranking animals which did not impact the social stability of the group), the population
of each group and size and number of matriline remained fairly consistent over the study
period, in spite of annual births (see Table 1). The number of breeding aged females differed
between matrilines, ranging from one to 13 adult females. The older social groups (Groups
A and D formed in 1996 and subsequently split in 2003) had the fewest number of matrilines
but largest number of adult females per matriline, while the newest social group (Group B -
established in 2009) had the greatest number of matrilines with the smallest number of adult
females per matriline. Generally, the alpha matrilines were the largest in number for each
social group. Group D was the exception, with two families (rank 5/8 and 6/8) containing
more adult females than the alpha family in that group. Trauma patterns were consistent over

Am J Primatol. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stavisky et al.

Page 6

the three-year study period in each group; therefore, the data have been combined for all
years included in the study. There appeared to be a trend of increasing frequencies of
traumas from 2012-2014, but this did not impact the seasonal pattern of trauma over each
year.

One-way ANOVA demonstrated that both the categories of High rank and Middle rank had
significantly larger families than the Low ranked families F=10.6, df=2,46, P<0.001. Overall
however, One-way ANOVA demonstrated that the age distribution of females in the groups
was not significantly different across the four study groups (P=0.827). There was a
significant difference in frequencies of trauma across all groups by season (F=7.856,
df=3,12 P=0.004). In this population, most of the births occur during the Spring months,
while breeding and conception is largely restricted to the Fall months. Post-hoc analyses
indicate that trauma frequencies were significantly higher during the breeding season
(October, November, December) than the other seasons Winter (P=0.029), Spring (P=0.004),
and Summer (P=0.031). (Figure 1)

There was a significant difference in trauma rates across the four groups (F=3.398, df=3,37,
P=0.028). Tukey's post-hoc analyses indicate that Group B, which had the highest number of
unrelated matrilines, had significantly higher rates of trauma than Group A (P=0.029) Group
C (P=0.037) and Group D (P=0.006). None of the other groups exhibited trauma rates that
were significantly different from one another (P > 0.353); Figure 2.

Rank played a significant role in rates of traumas across all of the social groups (F=4.019,
df=2,37, P=0.026). The highest ranking families (the top three in each social group) received
significantly lower rates of trauma than either of the other two social rank categories; middle
rank (p=0.05) or low rank (p=0.009) (Figure 3). There was no difference in rates of trauma
in the middle or lower ranking matrilines (P=0.272).

Finally, there was a significant negative correlation between numbers of adult females in a
matriline and rates of observed trauma in each matriline across the four groups (R=-0.383,
P=0.007, N=49) (Figure 4).

Discussion

Social group formation and population growth of captive breeding colonies provides an
opportunity to examine and evaluate the dynamics of group structure and stability. Social
instability and an unstable dominance hierarchy can result in the decreased reproductive
success (Dettmer et al., 2015, Wilson et al., 1978), therefore the goal of Colony
Management at YNPRC is to maintain the social stability of our rhesus monkey groups in
order to reduce aggression and trauma for animal welfare and increase reproductive success.
The stability of the matrilineal social structure of rhesus monkeys is a key factor in
maintaining overall social health and production. The results of this study demonstrate that
variables, such as the number of adult females in a matriline and number of matrilines within
a social group, have a significant impact on trauma events. Other studies have also
demonstrated that the number of females in a matriline may play a role in group stability.
Specifically, the larger, more dominant matrilines, may provide support and social stability
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to a social group (Oates-O'Brien et al., 2010). The Colony Management strategy at YNPRC
is to generally keep the Alpha and Beta ranked matrilines in each group larger than the
remaining matrilines to encourage group stability and to reduce the risk of matrline
overthrows. Subsequently, higher ranked animals receive significantly lower rates of trauma
than middle or low ranking animals. It's likely that this is due to establishment and
maintenance of the dominance hierarchy (Rose, et al., 1974; Gust, et al., 1991) as well as
having fewer family members to offer support in the typically smaller lower ranked families
in the colony. Further, as described in the results, we noted that trauma frequencies changed
in the groups over the 3 year study period, however there were consistent seasonal patterns
each year associated with the breeding season. Since rhesus macaques are seasonal breeders
(Lindburg, 1971; Loy, 1971; Drickamer, 1974) the competition for mates, as well as the rise
in gonadal steroids may be related to the observed increases in trauma that occur during the
peak breeding season (Wilson and Boelkins, 1970; Michael and Zumpe, 1993). While we
have yet to identify the primary reasons for these increases in trauma, it has been observed
that duration of breeder male tenure is correlated with changes in social group trauma
(Stavisky et al., ms in prep). Specifically, it appears that trauma frequencies increase
significantly when new breeder males are introduced; however, these levels significantly
decrease by the second breeding season. Data from this study covered a three year period,
thus there may have been an effect of breeder male tenure on the change in trauma
frequencies. The influence of males on social group trauma can also be seen through social
network analyses. Specifically, the ratio of adult males to adult breeding age females is a
critical factor for group stability (Beisner et al., 2012). Non-natal, adult males function to
“police” breeding groups, which maintains social stability and therefore reduces trauma,
while a lower ratio of adult males to adult females contributes to social instability and likely
higher levels of trauma or more severe trauma (Backstrom and Windberg; 2013; Beisner et
al., 2011; Beisner and McCowan, 2013; Flack et al., 2005; Flack et al., 2006; McCowan et
al., 2008).

The formation of these groups produced a matrilineal dominance hierarchy similar to groups
in the wild but the multigenerational composition of these matrilines was very different. In
typical multigenerational rhesus monkey groups, animals are part of distinct matrilines and
each individual has a significant social and familial relationship with other animals in its
group. The formation of our SPF groups eliminated these familial bonds, by housing peers
together in small groups and subsequently introducing multiple peer groups, and adult
mentors, to eventually form the basis of larger breeding groups. We have anecdotal evidence
that peer group members preferentially affiliate with each other and tend to act like a family
or a matriline in conflicts with other group members. However, it has also been observed
that when there is a major stressor in the group, the true families act independently and peer
group membership becomes less important. This phenomenon was most evident during an
overthrow of a social group unrelated to this study that had been formed in the ways
described here with multiple peer groups and small matrilines.

These findings suggest that an evaluation and manipulation of group composition may
reduce rates of trauma in captive rhesus macaque groups. In particular, manipulation of
matrilines, either decreasing numbers of matrilines and/or increasing the number of
matriline members could be effective strategies. Based on the data from the present analysis,
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we are currently removing some small matrilines from social groups in the SPF colony at
Yerkes in an attempt to mitigate trauma. Generally, the candidates for removal are either
families that are the recipients of repeated trauma, or matrilines that are represented by only
one or two adult females. We postulate that small matrilines are particularly vulnerable to
trauma because of the lack of family support. The removal of these animals should reduce
overall group aggression and is appropriate as long as there is sufficient genetic diversity in
the population. A second strategy could be to focus on increasing the size of these small
families. Since there is removal of animals from social groups for research studies, it is
possible to allow the small families to increase in size over time by not removing females
born into those matrilines. Continued manipulations of our groups should result in reduced
levels of trauma if these strategies are successful and future analyses will investigate the
impact of both scenarios.
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Figure 1. Seasonal Patterns of Trauma
Pattern of trauma frequencies (2012-2014) across season for each group. These data are not

adjusted by numbers of females in the groups, therefore the higher incidences of trauma
exhibited by the larger social groups is evident here. *Group D data was from 2013-2014
due to temporary group split in 2012.
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Figure 2. Trauma Ratesin each Social Group
Overall rates of trauma in groups A-D. These data are adjusted by numbers of females in

each family/group.
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Figure 3. Trauma Rates by Rank
Trauma rates were averaged for the high, middle and low ranking families. High ranking

contained the three top families in each group, low ranking contained the bottom three
families. The middle ranking families were comprised of the remaining matrilines *Group D
had only two bottom ranking families since the group was comprised of only eight
matrilines.
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Figure 4. Corrélation of Trauma Event and Number of Femalesin a Matriline
Regression line depicting the relationship between the number of females in each matriline

across the social groups and incidences of trauma experienced by those matrilines.
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