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To simulate wild conditions and maximize breeding effi-
ciency, some rhesus macaques bred for research are raised in 
large outdoor multimale, multifemale social groups.3 These 
large breeding groups are often composed of several multigen-
erational matrilineal families. Several factors contribute to the 
social stability of these groups, including a clear dominance 
hierarchy,5,9,18 a cohesive kinship structure within families,5,13 
and the presence of adult males or other high-ranking animals 
that effectively ‘police’ social conflicts.6,7,10,21 Due to the despotic 
dominance style of rhesus macaques,16,41 a low level of social 
aggression is expected;8,9 however, increased rates of uncon-
trolled aggression among members of the same or different 
matrilineal families is indicative of social instability and can 
result in significant trauma and even mortality.18

Increased rates of aggression and trauma are a particular 
concern for rhesus macaque breeding programs due to the 
established link between social overthrows (maximal group 
instability) and poor reproductive output.17 For these reasons, 
a primary goal in the management of these breeding groups 
is the detection of emerging social unrest before the onset of 

significant fighting and wounding. Accordingly, large breeding 
groups of rhesus macaques are routinely monitored by manage-
ment staff for changes in dominance and alliance relations at 
both the group- and matrilineal-level as well as for increases in 
trauma frequency and severity.5,36

In addition to its potential to result in significant wounding, 
social aggression in macaque groups can lead to increased psy-
chosocial stress in all involved parties and particularly in the 
intended targets.2,25 Glucocorticoids are elevated in response to 
acute psychosocial stress;26 and the same central neuroendocrine 
pathways that control these hormonal changes also induce 
appetite suppression in animals exposed to acute stress.31 
Indeed, transient episodes of anorexia and inappetence 
commonly occur in experimental animal models of acute 
psychosocial stress11,12,28,34 as well as in animals after hous-
ing changes (that is, location transfer or group composition 
change).15,35,44,45 Therefore, it is reasonable to hypothesize 
that inappetence among socially housed macaques may be 
indicative of increased social stress and evident before the 
onset of overt aggression.

Automated feeders that reliably record the calorie consump-
tion of individual animals among socially housed rhesus 
macaques are commercially available; however, little infor-
mation is available regarding the value of this system in the 
management of colony social health. Recently, an incident of 
intrafamily fighting occurred involving a middle-ranked family 
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of a large established breeding group at the Yerkes National 
Primate Research Center that resulted in significant wounding. 
In this incident, animals from 2 different subfamilies incurred 
injuries. Because the compound housing this social group was 
equipped with automated feeders, feeding data were analyzed 
retrospectively to determine whether any significant reduction 
in daily caloric consumption occurred 24, 48, 72, or 96 h prior to 
the onset of overt aggression at the group-, family-, or subfamily-
level compared with baseline values (that is, previous 30-d 
average). We hypothesized that no change in feeding activity 
would be observed at the group-level across time but that the 
affected family would exhibit a significant decrease in average 
caloric intake at least 24 h prior to the reported incident. Most 
notably, we hypothesized that the subfamily with the worse 
injuries would show the greatest percentage decrease in average 
caloric intake during this time period. Finally, we hypothesized 
that the percentage decrease in caloric intake from baseline to 
–24 h in these ‘most-affected’ animals would significantly pre-
dict the severity of their wounds received during the fighting 
incident and baseline period. Findings from this study validate 
the usefulness of automated feeding systems in the monitoring 
of social stability among compound-housed rhesus macaques, 
particularly when analyzed in conjunction with wounding and 
social behavior data.

Materials and Methods
Study population. The rhesus macaque (Macaca mulatta) breed-

ing colony at the Yerkes NPRC (Lawrenceville, GA) is primarily 
maintained in large multimale, multifemale breeding groups 
(18 to 169 animals), comprising multiple multigenerational 
matrilines, and housed in 0.06- to 0.38-acre outdoor compounds 
with attached indoor enclosures. This case study describes 
changes in feeding patterns and trauma scores associated with 
an incident of intrafamily aggression within one of these large 
breeding groups. At the time of the reported incident, group 
membership was 126 animals, including 2 breeding adult males, 
63 breeding-age females, 40 juvenile and yearling offspring 
(1 to 3 y old), and 21 infants (younger than 12 mo).

The adult females and their offspring were organized into 8 
different families (Table 1) and multiple subfamilies (Table 2). 
For the purpose of this report, subfamily refers to a branch in 
the pedigree of a matriline. Each subfamily is represented by 
the oldest (and most commonly highest-ranked) adult female 
that is the daughter or granddaughter to the common maternal 
ancestor of the family. Animals referred to as the ‘α female’ and 
‘β female’ in this report represent the 1st- and 2nd-ranked adult 
females in the entire linear hierarchy of the social group. The 
α and β females are members of the α (1st-ranked) family of 
the group. The α and β females, as well as other adult female 
members of the α (1st-ranked) and β (2nd-ranked) families, 
are referred to as ‘high-ranking animals of the social group’ in 
this report. At our facility, genetically related juvenile males 
are removed from their natal groups by 36 mo of age, and 
unrelated adult males are rotated among the breeding groups 
every 3 y. Therefore, no adult males were present in this social 
group, other than the 2 unrelated adult breeding males. Due 
to their role in controlling aggression among adult females of 
the social group, adult breeding rhesus macaque males (along 
with adult females of the α and β families) are referred to as 
‘high-ranking animals’ of the social group, or specifically as ‘α 
male’ or ‘β male,’ in this report.

This large breeding group was established in 1996; therefore, 
these animals were housed together for 21 y prior to the incident. 
An overthrow of the α family of this group occurred in December 

2011, but no other major social changes occurred in the 6.5 y 
prior to the current incident. Management of this social group 
was consistent with other compound-based breeding groups 
at our facility. Routine group observations were conducted by 
experienced colony management staff to monitor for changes 
in social dominance and alliance ties. Social rank data of each 
family were available in colony records and determined by the 
frequency of submissive behavior and aggression received by 
nonfamilial group mates.40 Matrilineal coefficient of relatedness 
was based on genetic data available at the time of the fighting 
incident.

All animals had continuous access to fresh drinking water 
and unrestricted access to a commercial monkey diet (LabDiet 
503A, Purina Mills International, St Louis, MO) dispensed by 
an automated feeder system (NHP BioDAQ version 6, Research 
Diets, New Brunswick, NJ). LabDiet 503A is the pelleted (3/8 in. 
× 1/2 to 3/4 in.) version of the standard LabDiet 5038 Monkey 
Diet and is compatible with the NHP BioDAQ system. Routine 
enrichment provided to all animals included fresh produce, 
climbing structures, foraging devices, and other manipulanda. 
All animals were free of SIV, simian T-lymphotropic virus, sim-
ian type D retroviruses, and herpes simian B virus. The facility 
and its programs are fully AAALAC-accredited. Procedures 
involving all animals were approved by the Emory University 
IACUC and were conducted in accordance with USDA Animal 
Welfare Regulations,1 the Guide for the Care and Use of Laboratory 
Animals,39 and institutional policies.

Automated feeders and caloric intake analyses. Caloric 
intake data for each macaque in the group was quantified 
by using an automated feeding system with radiofrequency 
identification technology (NHP BioDAQ version 6, Research 
Diets, New Brunswick, NJ). As animals obtain food pellets, 
the computer-controlled system records the weight (in grams) 
obtained in real-time by detecting radiofrequency identification 
microchips (DataMar, Temple, TX) implanted subcutaneously 

Table 1. Number of breeding females and offspring per family

Family rank Adult females Offspringa Total

1 11 5 16
2 4 2 6
3 7 7 14
4 3 3 6
5 16 9 25
6 17 13 30
7 2 1 3
8 3 0 3
Total 63 40 103
a1 to 3 y of age.

Table 2. Composition of 5th-ranked family

Subfamily Adult females Offspringa Total

A 4b 2 6
B 2 1 3
C 3 2 5
D 5c 3 8
E 2 1 3
Total 16 9 25
a1 to 3 y of age.
bOne adult female in the A subfamily and c2 adult females in the D 
subfamily were out of the group at the time of the fighting incident.
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in each hand of individual animals. Validation studies have 
revealed that animals waste less than 5% of food obtained. In 
addition, because food is continuously available and because 
each compound is equipped with multiple feeders, dominant 
macaques do not restrict the access of more subordinate animals 
to feeders.43 Therefore, all animals in the group have free access 
to a standard monkey diet.

Feeding bout data generated by the feeding system were 
simultaneously stored and managed on a local and remote server. 
The software associated with this system (BioDAQ Online Da-
taViewer) can summarize feeding bouts of individual animals 
over a specified time period (as HH:MM:SS) as the total num-
ber of kilocalories obtained. In addition, daily feeding reports 
are sent to veterinary and colony management staff via email, 
identifying animals that have not been scanned within the past 
24 h (0500:00 to 0500:00 the previous morning), macaques that 
have eaten less than a predetermined number of daily kilocalo-
ries according to their age, and those that consumed 75% less 
calories than their 7-d average. The minimal daily kilocalorie 
requirement—but not the percentage change in caloric intake 
parameter and baseline average interval—can be changed by 
the user. These parameters are encoded in the software, because 
they were originally intended to identify animals with missing 
or broken radiofrequency identification microchips and to alert 
husbandry staff to malfunctioning feeders.

After the intrafamily fighting incident described in this case 
report, retrospective analyses of caloric intake data from this 
compound were conducted. Using the feeding system software, 
total caloric intake values for each animal in the group (older 
than 12 mo of age) were calculated 24, 48, 72, and 96 h prior to 
the fighting incident (t = 0, 2000:00). The average daily number 
of kilocalories consumed by each animal for 30 d prior to the 
incident (96 h to 34 d) was considered their baseline value. 
Infants younger than 12 mo were excluded from the feeding 
data analyses, because of the large variations in the timing 
of weaning in this NHP species.38 In addition, all feeding data 
from animals not present in the group at the time of the fighting 
incident or those with a history of chronic illness (for example, 
diarrhea) were excluded. Once generated, all feeding data 
were exported into a spreadsheet program (Excel, Microsoft, 
Redmond, WA) for summarization and statistical analyses. In 
addition, the feeding data were screened for quality assurance 
prior to any analyses. Because the feeding system contains 
a light sensor, we also compared the nighttime and daytime 
feeding patterns of individual animals. Feeding bout heatmaps 
displayed in the results were generated by using the BioDAQ 
Online DataViewer. Because they use a color system, each 
consumption heatmap graphically represents the number of 
feeding bouts that occurred during each hour of the day (0 to 
24) over a specified number of days (for example, 0 to 6 d prior 
to the fighting incident). The density or darkness of the green 
blocks used in these graphs is positively related to the number 
of feeding bouts that occurred during that hour of the day (for 
example, a darker green block represents a greater number of 
feeding bouts than a lighter green block; a white block for a 
particular hour of the day represents no feeding activity or zero 
calories consumed).

Wound scoring. To examine the relationship between inap-
petence and trauma severity, all trauma cases that occurred 
during the fighting incident and baseline period among the 
5th-ranked family members were scored retrospectively 
according to wound descriptions recorded in their clinical 
records by using a 5-point trauma severity scale (Figure 1). 
When an individual trauma case had multiple injuries, the 

trauma severity score for that incident was equivalent to the 
product of the worse injury score and the number of injuries. 
A final trauma severity score sum was then calculated for 
each animal by summing the scores for each trauma incident 
associated with each animal in the 5th-ranked family during 
the baseline period and fighting incident.

The highest score on the trauma severity scale was reserved 
for the occurrence of severe female-inflicted crush trauma 
wounds with evidence of rhabdomyolysis. Rhabdomyolysis 
is a serious consequence of crushing wounds because elevated 
blood levels of creatine kinase, myoglobin, electrolytes, purines, 
and other enzymes caused by trauma-inflicted muscle damage 
can lead to acute kidney injury, marked metabolic acidosis, 
and decreased survival.27,30,37 As such, primary lab parameters 
evaluated in these cases included venous blood pH, lactate, base 
excess, bicarbonate, and serum creatine kinase levels. According 
to previously published data for rhesus macaques, normal rang-
es for these parameters were: lactate, 0 to 2.0 mmol/L; pH, 7.35 
to 7.45; bicarbonate, 15 to 23 mmol/L; and base excess, –2 to 3 
mEq/L. Any acid–base value outside of these normal ranges that 
was in the direction of acidosis (that is, lactate greater than 2.0 
mmol/L; pH less than 7.350; bicarbonate less than 15 mmol/L; 
or base excess less than –2 mEq/L) was considered indicative of 
metabolic acidosis, a hallmark of rhabdomyolysis.27 Peak serum 
creatine kinase values greater than 1000 U/L, measured 6 to 12 
h after injury, were indicative of muscle damage.14 Slash-type 
injuries with muscle involvement (scores 2 to 5) were considered 
to be male-inflicted wounds.3

Statistical analyses. Feeding data analyzed for this case study 
included the total number of kilocalories consumed by each 
animal in the group (older than 12 mo of age) within 24, 48, 
72, and 96 h prior to the intrafamily fighting incident (t = 0, 
2000:00) involving the 5th-ranked family of the group. The 
average daily number of kilocalories consumed by each 
animal in the group 30 d prior to the incident (96 h to 34 d 
before) was considered the baseline value. In addition, the 
percent changes in caloric intake from baseline to 24 and 48 
h prior to the intrafamily fighting event were calculated for 
each animal in the group. By using statistical software JMP 13 
Pro (SAS Institute, Cary, NC), all feeding and trauma severity 
score data were evaluated to confirm normality and equality 
of variance. Data not normally distributed were transformed 
to improve normality for analysis.

Total kilocalorie intake data were normally distributed after 
square-root transformation; however, significant Levene and 
Bartlett tests (P values = 0.001 to 0.04) indicated unequal vari-
ance by group-family (ranks 1 to 8), subfamily of 5th-ranked 
family (A through E), and time. Therefore, a repeat-measures 
linear mixed-effect model with a Toeplitz unequal variance 
structure was chosen to determine whether the total number 
of kilocalories consumed by the whole group and individual 
families changed across the study timepoints. Fixed-effect 
terms for this repeated-measures model included time, family 
(ranks 1 to 8), and their interaction. A similar model was used 
to determine whether the 5th-ranked family of the group ex-
perienced a significant decrease in kilocalorie intake at 24 and 
48 h prior to the fighting incident compared with their baseline 
values. Fixed-effect terms for this caloric intake model included 
time, subfamily (A through E), and their interaction. All percent 
change in caloric intake data from baseline to 24 h prior to the 
event were normally distributed and had equality of variance 
(nonsignificant Levene and Bartlett tests) between group-
families (ranks 1 to 8) and 5th-ranked family subfamilies  
(A through E); therefore, separate least square means models with 
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a fixed-effect term of family or subfamily was used to determine 
whether individual families of the group or subfamilies of the 
5th-ranked family exhibited different degrees of inappetence 
within 24 h of the main social aggression incident, respectively.

The percent change in kilocalorie intake data from baseline 
to 48 h prior to the event were normally distributed but had 
unequal variance between individual families and subfamilies; 
therefore, separate linear mixed-effect models with Toeplitz 
unequal variance structures were used with family or subfamily 
as fixed-effect terms. Tukey Honest Significant Difference tests 
were used for all posthoc comparisons. To determine whether 
percent change in caloric intake from baseline to 24 h prior to 
the fighting event in targeted animals significantly predicted the 
severity of their wounds, severity scores of injuries received by 
5th-ranked family members during the fighting incident and 
their trauma severity score sums were analyzed in separate 
univariate regression analyses. An α level of less than 0.05 was 
considered significant for all analyses. For simplicity, raw data 
are displayed in the results.

Case Study
At 2000 on a Monday evening in early spring, a nighttime 

animal care technician reported significant fighting among 
members of the 5th-ranked family of rhesus macaques that 
were living in a large established breeding group at our facility 
(Yerkes National Primate Research Center Field Station). Several 
adult females from the α and β families of the group and the 2 
breeding males were also observed to be involved. Although 
group-level trauma rates in the 4 wk prior to this incident were 
relatively low (Figure 2 A), this incident of social unrest resulted 
in a total of 3 cases of crush trauma, 6 cases of moderate male- 
and female-inflicted trauma, and one case of mild male-inflicted 
trauma. All macaques survived and were immediately cared for 
according to the severity of their wounds.

The 5th-ranked family of the group had 5 subfamilies (A 
through E), comprising a total of 16 adult females and 9 juveniles 

(Table 2). The intrafamily fighting incident involved the top-
ranked A subfamily (n = 4 adult females) and middle-ranked C 
subfamily (n = 3 adult females) of the 5th-ranked family. Similar 
to group-level trauma rates, the number of previously reported 
injuries involving subfamily A members in the 4 wk prior to 
this incident were relatively low (Figure 2 B). However, at 2 d 
prior to the incident, a colony management technician observed 
3 high-ranking females from the α and β families of the group 
briefly aggress the highest-ranking female of subfamily A of the 
5th-ranked family of the group and her oldest daughter. The 
highest-ranking female of subfamily A experienced a minor 
ear wound only; however, her daughter received moderate 
female-inflicted injuries and was removed from the group for 
treatment. No additional aggression nor other social concerns 
were noted during follow-up observations of this social group 
conducted that day (Saturday afternoon) and the next day 
(Sunday morning). During the main fighting event (Monday 
evening), all 3 of the remaining adult females of subfamily A of 
the 5th-ranked family received crush trauma injuries, including 
the highest-ranked female of subfamily A that received minor 
ear trauma at 2 d previously. Indeed, this highest-ranking female 
of the subfamily A sustained the worst crush trauma injuries, 
consisting of multiple soft tissue injuries with moderate swelling 
and bruising. Lab work revealed serum creatine kinase levels 
greater than 1100 U/L at approximately 12 h after injury and 
normal acid–base and lactate values, consistent with muscle 
injury but not to the extent of rhabdomyolysis. The highest-
ranking female of subfamily C had female-inflicted wounds of 
moderate severity as well as 2 mild male-inflicted wounds. Five 
adult females in the α family, including the α and β females of 
the group, and one adult female from the β family were found 
to have mild to moderate male-inflicted trauma injuries.

Results
Caloric intake analyses by social group and family. Feeding 

data in this study were analyzed retrospectively due to a 15-h 

Figure 1. Numerical scoring system for trauma severity. All trauma cases that occurred during the incident of intrafamily aggression and 
baseline period among 5th-ranked family members were scored retrospectively, according to wound descriptions in clinical records. A trauma 
severity score sum was then calculated for each animal.
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time difference between the occurrence of the fighting incident 
(t = 0, 2000) and generation of the last daily email feeding report 
received by management (t = 15 h prior to event, 0500 to 0500 
the previous morning, see methods). Specifically, feeding data 
were analyzed by compound and family to determine whether 
significant reduction in caloric consumption occurred within the 
24, 48, 72, or 96 h prior to the onset of fighting, compared with 
baseline values (prior 30-d daily average). Results revealed no 

significant difference in caloric consumption for the whole social 
group and individual families across time (time: F4,169 = 0.64, 
P = 0.64, Figure 3 A; family×time: F28,260 = 1.07, P = 0.37, data not 
shown). In addition, the percent change in caloric intake from 
baseline to –24 h prior to the fighting event was not significantly 
different between individual families (Figure 3 B; family rank, 
F7,82 = 0.60, P = 0.75); however, the affected 5th-ranked family 
exhibited 20% and 23% decreases in caloric intake from baseline 

Figure 2. Trauma frequencies for (A) the social group (n = 103 macaques) and (B) targeted subfamily A of the 5th-ranked family of the social 
group (n = 4 adults and n = 2 juveniles). All 3 of the adult females of subfamily A of the 5th-ranked family present in the group during the intra-
family fighting incident (t = 0) received crush trauma injuries. Two days before this fighting incident, the highest-ranking female of subfamily 
A and her oldest daughter were aggressed by females belonging to the α and β families of the group and received mild and moderate trauma, 
respectively. The adult female with moderate female-inflicted trauma was removed from the group for treatment. This same adult female re-
ceived mild trauma 17 d prior to the intrafamily fighting event. No other social aggression-related injuries were reported for other members of 
this subfamily.
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to –24 and –48 h before the fighting incident, respectively (Figure 
3 B and C). In agreement, analyses of the number of calories 
consumed by this affected 5th-ranked family revealed moderate 
decreases in caloric intake from baseline to 24 and 48 h before the 
event, respectively (Figure 4 A; time, F2,21 = 4.84, P = 0.02; posthoc 
pairwise comparisons P = 0.09 and P < 0.05 from baseline to 
–24 and –48 h before the incident, respectively). Most notably, 
the targeted A subfamily of this 5th-ranked family showed a 
marked 58% decrease in average caloric intake in the 24 h prior 
to the main fighting incident (Figure 4 B; P = 0.007 compared 
with baseline), whereas the remaining subfamilies (B through E) 
of this same family showed no statistically significant changes 
in intake during this period. When the same feeding data was 
expressed as a consumption heatmap (Figure 5), the affected A 
subfamily had fewer and smaller feeding bouts from –24 to 0 h 
compared with the previous 6 d.

Both the 7th and 8th-ranked families of the group (n = 3 per 
family) showed a 27% decrease in caloric intake from baseline 
to –48 h. These moderate changes in appetite however, did not 
reach statistical significance. Moreover, the 7th-ranked family 
exhibited a mild 14% reduction in caloric intake from baseline to 
–24 h that did not reach statistical significance (Figure 3 B and 3 C). 
Although the percent change in caloric intake from baseline to 
–48 h was not statistically different among the subfamilies of the 
5th-ranked family of the group, the D subfamily (Table 2; n = 6 
in group at time of incident) exhibited a significant 37% decrease 
in caloric intake during this period (Figure 4 B; posthoc pairwise 
comparison from baseline to –48 h, P = 0.04). In addition, the E 
subfamily of the 5th-ranked family of the group (n = 3) showed 
a moderate reduction in caloric intake (29%) from baseline to –24 
h; however, this change in food intake did not reach statistical 
significance (Figure 4 A). None of the members of the 7th- and 
8th-ranked families or the D and E subfamilies of the 5th-ranked 
family of the group received trauma during the main intrafighting 
event or during the brief episode of social aggression noted at 2 
d before the primary incident. Furthermore, colony management 
staff did not observe animals of these families to be involved in 
noncontact aggressive interactions during this period.

Feeding patterns of high-ranking animals. The α and β females 
as well as the α and β breeding males of the social group ex-
hibited changes in their feeding patterns prior to the reported 
social unrest incident. Specifically, the α female and male had 
large percent decreases in caloric intake during the 24 and 48 h 
prior to the intrafamily fighting incident (Figure 6 A), consuming 
32% to 48% fewer calories than their baseline values. Similarly, 
the β female consumed 32% fewer calories than her baseline 
values from –48 to –24 h and consumed zero calories from –24 
h to 0 (Figure 6 B). In addition, the other adult female mem-
bers of the α family (n = 9) exhibited a mean percent decrease 
in caloric intake of 16% and 7% at –24 and –48 h, respectively. 
Although the α male of the social group showed an overall 
percent decrease in caloric intake from baseline to –24 and –48 h, 
he fed more frequently at night during this period (Figure 6 C). 
Specifically, the α male consumed 38% of his total daily calories 
at night from –24 to 0 h and 36% from –48 to –24 h, compared 
with consuming 18% (on average) of his total caloric intake at 
night during the 30-d baseline period. In addition, the β male 
of the social group exhibited more nighttime feeding in the 24 
h prior to the intrafamily fighting incident, consuming 46% of 
his total daily calories at night during this period compared 
with 30% (on average) during the baseline period.

Trauma severity and percent change in caloric intake. To test 
our hypothesis that the percent decrease in caloric intake from 
baseline to –24 h in targeted animals would significantly predict 

Figure 3. Average caloric intake by social group and family. (A) No sig-
nificant changes in caloric intake at the group-level were observed prior  
to the intrafamily fighting incident among 5th-ranked family members  
(0 h). (B) The percentage change in caloric intake from baseline to –24 h 
before this social incident was not significantly different among individ-
ual families. However, the affected 5th-ranked family of the group exhib-
ited a 20% decrease in food intake during this period (F7,82 = 0.60, P = 0.75). 
(C) The 5th-ranked family also exhibited a 23% decrease in appetite at –48 
h before the incident; this feeding level was significantly different from 
the food intake of the 1st- (α), 3rd-, and 6th-ranked families (*, P < 0.001–
0.05 for all comparisons at –48 h prior). In addition, the lowest-ranking 
families of the group (7th- and 8th-ranked) showed moderate decreases 
in appetite during this period, but these changes did not reach statistical 
significance at the family level. Data are expressed as mean ± SEM.
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the severity of their wounds, we used univariate regression 
analysis to evaluate severity scores of injuries received by 5th-
ranked family members during the fighting incident. Results 
revealed a negative relationship between trauma severity and 
preceding inappetence, in which greater percent decreases in 
caloric intake from baseline to –24 h predicted higher severity 
scores of wounds received during the fighting incident (R2 = 
0.37, β = –0.632, P < 0.01). Similarly, percent change in caloric 

intake from baseline to –24 h significantly predicted the trauma 
severity score sum of injured animals in this family (R2 = 0.35, 
β = –0.618, P < 0.01; Figure 7). As expected, most of the animals 
with high trauma-severity sum scores and large negative percent 
changes in caloric intake at –24 h were members of the deposed 
A subfamily of the 5th-ranked family of the group.

Discussion
Many studies have provided information regarding the 

underlying sources of social instability in macaque societies, 
including fragmented matrilineal dominance and kinship struc-
tures5,13,18 and impaired conflict management mechanisms.6,20,21 
The absence of one or more of these factors, at either the family 
or group level, can lead to increased aggression and fighting 
that may result in significant wounding—and even mortal-
ity—in despotic species, such as rhesus macaques.16,41 Captive 
groups of rhesus macaques are routinely monitored for changes 
in dominance ranks, alliance relations, and rates of trauma to 
detect emerging social instability. Despite these efforts, however, 
the precise timing of severe outbreaks of aggression (overthrows 
or other major fighting events) is largely considered unpredict-
able to captive macaque managers.7,32 Transient inappetence 
in animals is a common consequence of exposure to an acute 
stressor.11,28,35 However, the present data suggest that cues lead-
ing up to social aggression in rhesus monkey groups may serve 
as a psychosocial stressor in specific animals. Because feeding 
bout data can be collected in real-time by means of automated 
feeders using radiofrequency identification technology, it is 
reasonable to hypothesize that aberrant changes in food intake 
in key individuals or groups of animals could be used as indi-
cators of emerging instability and promptly alert managers to 
impending outbreaks of intense aggression. In this case study 
of intrafamily fighting, we found marked reductions in feeding 
activity among the targeted animals of the 5th-ranked family 
as well as the α female, β female, and α male of the group at 
least 24 to 48 h prior to the onset of significant wounding. Thus, 
these findings support the concept that feeding data can be used 
to predict the timing of deleterious outbreaks of aggression in 
captive groups of rhesus macaques.

This case study reports an intrafamily fighting incident 
involving 2 different subfamilies of the 5th-ranked family of a 
large breeding group: a first-ranked subfamily A and a third-
ranked subfamily C. Based on limited behavioral observations 
conducted during and immediately after this evening incident, 
it was assumed by management that subfamily C attempted 
to contest subfamily A, with support from high-ranking fe-
males of the social group. This assumption was based on the 
observation that female members of subfamily A received the 
worse injuries during this conflict. It is well known that adult 
recipients of social aggression in macaque groups experience 
increased psychosocial stress, but group interactions prior to 
the onset of overt aggression may also affect specific animals. 
Therefore, we hypothesized that marked reductions in average 
caloric intake would be observed in this 5th-ranked family, but 
particularly in the ‘most affected’ subfamily A, at least 24 h 
prior to the occurrence of significant fighting. Results revealed 
moderate decreases in average caloric consumption in the 5th-
ranked family from baseline to –24 and –48 h; however, only the 
deposed subfamily A exhibited reductions in caloric intake that 
reached statistical significance at both –24 and –48 h (–58% and 
–32% from baseline values, P = 0.007 and 0.02, respectively). No 
statistically significant change in appetite in subfamily C was 
observed during this time period. Moreover, the percent change 
in caloric intake of subfamily A members of the 5th-ranked family 

Figure 4. Average caloric intake by the affected 5th-ranked family of 
the social group. (A) The affected 5th family of the group showed a 
notable reduction in average caloric intake within –48 h of the intra-
family fighting incident (Time, F(2, 21) = 4.84, P = 0.02; pairwise com-
parisons from baseline values to –24 and –48 h, +, P = 0.09 and *, P < 
0.05, respectively). (B) The percent change in caloric intake from base-
line to –24 h was not significantly different among the subfamilies of 
the 5th-ranked family; however, the targeted A subfamily showed a 
marked -58% reduction in average caloric intake from baseline to –24 
h prior to the main social event (†, P = 0.007, compared with baseline), 
whereas the remaining subfamilies (B through E) exhibited no statisti-
cally significant changes in food intake during this period. Similarly, 
the percent change in caloric intake from baseline to –48 h was not 
significantly different among the subfamilies of the 5th-ranked family; 
however, subfamilies A and D exhibited significant decreases in ca-
loric intake from their baseline values (×, P = 0.02 and 0.04, compared 
with baseline, respectively). All data expressed as mean ± SEM.
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from baseline to –24 h significantly predicted the severity of 
their wounds. Together, these changes in food intake support 
behavioral observations that members of subfamily A of the 
5th-ranked family of the group were the intended targets of 
this episode of intense aggression.

The occurrence of this intrafamily fighting incident was 
largely not anticipated by management staff. First, aggressive 
behavior among female macaques is more frequently seen 
during the breeding season;42 however, this incident of intense 
aggression occurred during the birthing season. Secondly, a brief 

Figure 5. Consumption heatmap for subfamily A. Fewer and smaller feeding bouts (represented by light green boxes) occurred in the targeted 
subfamily A of the 5th-ranked family during the –24 h before the intrafamily fighting incident (t = 0 to 2000 the previous day), compared with 
the previous 6 d. Consumption heatmap was generated by using BioDAQ Online DataViewer (labels added for display by authors).

Figure 6. Feeding patterns of high-ranking animals of the social group. (A) Large percentage decreases in caloric intake were noted in the α 
female, β female, and α male of the entire social group in the –24 hrs and –48 hrs prior to the intrafamily fighting incident. (B) A heatmap of the 
feeding bouts of the β female of the social group revealed that this animal consumed zero calories from the automated feeders within –24 h of 
this incident (t = 0 to 2000 the previous day). (C) Examination of the nighttime compared with daytime feeding patterns of the α and β males 
of the social group revealed increased night-feeding by both males at least –24 h prior to the intrafamily fighting incident. Most notably, the 
percentage of nighttime feeding of the α male during the –24 h and –48 h before the incident nearly doubled compared with his baseline feeding 
pattern. The consumption heatmap was generated and the nighttime vs. daytime feeding patterns were calculated by using the BioDAQ Online 
DataViewer (labels added for display by authors).
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incident of contact aggression was observed at –2 d involving 
3 high-ranking females from the α and β families of the group, 
the highest ranked female of the 5th-ranked family of the group, 
and her oldest daughter; however, no additional aggression 
nor other social concerns were noted by experienced colony 
management staff during follow-up observations of this social 
group over the next 48 h. In addition, low rates of contact and 
noncontract aggression were observed in several weeks prior 
to this fighting incident. These findings are consistent with the 
historical belief that the precise timing of social overthrows and 
other forms of intense aggression in captive macaque groups are 
largely unpredictable by managers.32 Indeed, some suggest that 
simple rates of female-female agonistic behavior (aggression 
and submission) offer little or no predictive power for the detec-
tion of social instability.7,32 In this study, however, retrospective 
analyses revealed marked inappetence in the targeted subfamily 
A of the 5th-ranked family and high-ranking females from the α 
and β families of the group during the 2 d following their initial 
agonistic interaction, suggesting that this social conflict was not 
immediately reconciled and social unrest persisted.

In macaque societies, high-ranking members of the group, 
but particularly males, play important conflict control or 
‘policing’ roles to maintain group stability.4,10,22 The term 
‘policing’ refers to a conflict management mechanism that 
involves a third-party intervention that functions to stop in-
tragroup fighting.20 Several prior studies report that successful 
intervention behavior in rhesus macaques is associated with 
lower group-level conflict severity and wounding.4,33 Policing 
interventions, however, are operationally defined as either 
‘impartial policing’ (policer shows no preferential behavior 
toward any particular conflict participant)7 or ‘partial polic-
ing’ in support of nonkin subordinates (policer directs more 
aggression toward the dominant conflict participant(s).6 In 
this main fighting incident, several α -family females and the 
highest-ranking female of subfamily C of the 5th-ranked fam-
ily of the group were found to have male-inflicted wounds, 

indicating that the adult males of the group exhibited partial 
policing toward these females to stop them from further ag-
gressing members of subfamily A of the 5th-ranked family. 
Retrospective analyses of the feeding data of both breeding 
males revealed a large decrease in food intake in the α male, 
but not the β male of the group, within –24 to –48 h of the 
main fighting incident. Both the α and β males of the group, 
however, fed more frequently at night during the same period. 
Most notably, during the 2 nights prior to the main event, the 
percentage of nighttime feeding by the α male of the group 
nearly doubled compared with his baseline values. Collec-
tively, these findings suggest that, during periods of high social 
tension, the adult males of the group may forgo feeding during 
daylight hours to spend more time policing the adult females. 
These changes in adult breeding male feeding patterns also 
provide additional evidence that the brief discordance that 
occurred 2 d prior to the main fighting event between high-
ranking females of the group and subfamily A members of the 
5th-ranked family was not fully reconciled and increased in 
intensity within an approximately 48 h period.

Also noteworthy in this case study is the percent decrease in 
caloric intake from baseline to –24 h by the targeted subfamily 
A members of the 5th-ranked family of the group significantly 
predicted the severity sum scores of their wounds received 
during the main fighting incident and the baseline period. This 
finding suggests that rhesus macaques can anticipate contact 
aggression from group mates and have stress-induced inappe-
tence as a consequence of this anticipation. It is also consistent 
with existing models of primate social conflict that assume 
primates recognize individuals and remember the outcome 
of past interactions.24,29 It is likely that the same relationship 
between inappetence and trauma severity would be observed 
among individuals or subgroups of animals living in different 
social environments (for example small harem or peer groups). 
What is unknown, however, is the precise nature of the social 
cue animals use as predictors of eventual aggression.

Although stress hormones were not measured in this study, 
it is well-established that social aggression in rhesus macaque 
groups leads to increased psychosocial stress in all involved 
parties.2,25,44 Transient inhibition of food intake is also a normal 
adaptive response to acute stress mediated by the hypothalamic 
neuropeptide corticotropin-releasing factor through the HPA 
axis.26 The degree of appetite inhibition depends on the inten-
sity of the stressor, caloric content of the diet, relative increase 
in corticotropin-releasing factor, activation of CRF1 receptors 
instead of CRF2 receptors in the hypothalamus, and degree of 
negative feedback from glucocorticoids released from the adre-
nal glands. Glucocorticoids induced by acute stress also affect 
leptin and insulin release, which can modulate feeding behavior 
through corticotropin-releasing factor and other hypothalamic 
appetite regulatory neuropeptides.23,31 Given this evidence, it 
stands to reason that deposed members of subfamily A of the 
5th-ranked family of the group experienced stress-induced 
inappetence; however, no hormonal data is available from this 
study to confirm this assumption.

Mild to moderate decreases in caloric intake were observed 
in the D and E subfamilies of the 5th-ranked family as well as 
in the 7th- and 8th-ranked families of the group at –24 h and 
–48 h; however, no members of these subfamilies and families 
received trauma nor were observed to be involved in aggressive 
interactions during this period. Moreover, with the exception 
of a reduction in appetite in the D subfamily of the 5th-ranked 
family at –48 h, none of these negative percent changes in ca-
loric intake reached statistical significance. Failure to observe 

Figure 7. Regression of percentage change in caloric intake from base-
line to –24 h before the fighting incident and trauma severity score 
sum of 5th-ranked family members.
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significant decreases in appetite at the subfamily- and family-
level was likely due to small sample size (n = 3 animals per 
subfamily or family) and high within-group variability. These 
animals represent either the lowest-ranking animals in their 
family or the whole social group. Because socially subordinate 
rhesus macaques (by definition) receive higher rates of ag-
gression than more dominant animals, it is possible that these 
low-ranking animals had mild to moderate stress-induced inap-
petence based on their prior social experience. The D subfamily 
of the 5th-ranked family of the group showed a 37% decrease 
in caloric intake from baseline to –48 h that did reach statistical 
significance. In addition, 2 of the 5 adult females in this subfam-
ily were not present in the group at the time of the main fighting 
incident; therefore, it is possible that this lack of social support 
led the remaining subfamily members to be more susceptible to 
noncontact aggression and stress-induced inappetence.

Automated feeders can be used to enhance the monitoring 
of individual animals living in large social groups, because the 
daily caloric intake of individual animals can be monitored 
routinely by management for large decreases in appetite and 
other changes in feeding activity. Indeed, our group has previ-
ously shown that individual animals with reduced appetite, can 
be identified from daily feeding reports, alerting veterinarians 
to possible subclinical health problems (for example enteritis) 
before the development of more serious clinical signs (for exam-
ple lethargy, dehydration).19 In regard to the detection of social 
issues in these groups, however, untargeted feeding queries and 
alerts tend to be less informative than more targeted analyses. 
For instance, no significant changes in food intake for the whole 
group were observed in the current study. Subfamily A animals 
of the 5th-ranked family of the group were also not identified on 
the feeding report received by management the morning of the 
main fighting event, but large decreases in caloric intake by this 
subfamily were found when feeding queries targeted the post-
conflict period following their initial aggressive interaction with 
high-ranking females. Moreover, the β male of this social group 
exhibited an overall 59% increase in total caloric intake at 24 h 
prior to the main fighting incident, but consumed the majority 
of these calories at night instead of during daylight hours. Thus, 
here, we propose that feeding data are most efficiently used in 
the social management of large macaque groups when feeding 
queries and alert parameters inclusively target: 1) matrilineal 
families at identifiable risk for social instability; 2) key members 
with significant social power or ‘control’ roles in the group; and 
3) sensitive time periods for escalating aggression and fighting. 
Feeding queries defined by these social parameters may also 
help management disentangle stress-induced inappetence from 
clinical inappetence caused by a physical health issue.

Matrilineal families identified by management to be at increased 
risk for social instability may include those with low genetic re-
latedness, weak social relationships, and/or high trauma severity 
sum scores. For example, the 5th-ranked family of this group could 
have been identified to be at-risk because: 1) their matrilineal 
coefficient of genetic relatedness was less than 0.20 at the time of 
the fighting incident, which has been previously identified as a 
risk factor for increased matrilineal instability in rhesus macaque 
groups;5 and 2) removal of the oldest daughter of subfamily A from 
the group for trauma treatment at –2 d may have led to less social 
support for the remaining adult females of subfamily A and/or 
weakened social relationships between subfamilies A and C, which 
may have precipitated the opportunity for more aggression.45 
Once identified, targeted feeding alerts can be implemented to 
more closely monitor each at-risk family, subfamily, or key indi-
vidual (for example matriarch or another adult female with a high 

trauma severity sum score) for large reductions in caloric intake. 
As suggested by findings in this study, the days following aggres-
sive interactions involving at-risk families are sensitive periods 
for the detection of stress-induced inappetence in these animals 
and increased night feeding by ‘policing’ animals. Thus, targeted 
feeding queries during these time periods can alert management 
to aggressive interactions (of varying degrees of intensity) with 
inadequate conflict resolution and identify groups at imminent 
risk for escalating aggression. Management staff can then use this 
timely information to increase observations and possibly intervene 
prior to the onset of more intense fighting and wounding.

The inclusion of feeding data generated by automated feeders 
into the social management of captive rhesus macaque groups 
offers a few advantages over traditional practices. First, feed-
ing bout data are collected in real-time and summarized in 
an automated unbiased manner. Moreover, feeding bouts are 
collected continuously from every group member with hand 
microchips, representing a rich and dynamic dataset that can 
be queried for individual changes in food intake with available 
software. In contrast, social and wounding data are not collected 
and analyzed automatically by any available means. Indeed, the 
interactions that define the dominance and affiliative relation-
ships in these groups are sparse; thus, the gathering of enough 
observational behavioral data to unequivocally detect social 
instability is often time-consuming and requires well-trained 
staff. The efficiency with which observational behavioral and 
wounding data are collected to detect instability in at-risk 
families or groups, however, may be improved through the 
utilization of targeted feeding queries and alerts.

Despite these benefits, further research is needed to fully evalu-
ate the utility and cost benefits of automated feeders in primate 
social management. At a minimum, findings from this case study 
should be confirmed in larger studies using rhesus monkeys 
housed in different group sizes and social configurations. As previ-
ously mentioned, it is expected that the same relationship between 
trauma severity and preceding inappetence would be observed 
among individual animals or subgroups of rhesus monkeys living 
in other social environments, including other multimale breeding 
groups, small harem groups, or peer groups (exclusively, male or 
female); however, this hypothesis needs to be tested. It is also not 
known whether individual incidents of trauma during periods of 
relative social stability are associated with immediately preceding 
inappetence. Furthermore, larger studies will help optimize feed-
ing alert queries for the early detection of social stability among 
at-risk groups or subgroups of animals and provide the opportuni-
ty for cost-benefit analyses. The equipment and software associated 
with the automated feeding system described in this case study, 
and the infrastructure that supports it, are very expensive and 
resource-demanding. It is currently less clear, however, whether 
these expenses are off-set (or at least justified) by improvements 
in colony management efficiency and animal welfare (by reduc-
ing wounding and maintaining individual animals and families 
in their social groups for longer periods of time than previously 
possible), and cost savings in veterinary care related to the reduced 
occurrence and severity of trauma. Nonetheless, information 
gained from these future cost–benefit analyses should be useful 
to other primate facilities interested in implementing automated 
feeders in their captive colonies.

The current case study is not without limitations. Due to the 
limited number of animals within each involved family and sub-
family, there was insufficient statistical power to analyze the data 
for changes in caloric intake by age category (adults compared with 
juveniles compared with yearlings). The adult females of subfam-
ily A of the 5th-ranked family of the group, however, received the 
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worst injuries and exhibited the largest average percent decreases 
in caloric intake at –24 h (–87% for 3 adults). In contrast, the average 
change in caloric intake among the offspring in this subfamily was 
–12% at –24 h (n = 2). Based on this limited information, a significant 
effect of age on caloric intake may have been found with a larger 
sample size. Further, because both the initial and main social event 
involving subfamily A of the 5th-ranked family occurred outside of 
normal work hours, limited behavior observations were conducted 
by management staff to determine whether a conflict resolution 
had been reached between participants. It is also not completely 
clear which adult female(s) initiated the main fighting event and 
elicited the most intense aggression toward subfamily A of the 5th-
ranked family. Based on the wounding data, however, we assumed 
that subfamily C attempted to contest subfamily A, with support 
from high-ranking females of the α and β families of the group. A 
significant relationship between wounding and percent change 
in caloric intake at –24 h was also found in the contested animals. 
Thus, this case study is a good example of how automated feed-
ing data can be used to enhance the social management of captive 
macaques by providing supplemental information to behavioral 
and trauma data.

In summary, findings from this case study of intrafamily fight-
ing in a large breeding compound of rhesus macaques suggest 
that stress-induced inappetence and/or increased night-feeding 
in key individuals may help management detect emerging so-
cial instability prior to the onset of significant aggression and 
wounding. Early detection of social instability in these groups 
may, in turn, lead to improvements in animal welfare via re-
duced wounding and pain/distress as well as possibly negating 
the need to remove animals from their social group. Aberrant 
changes in food intake among socially housed animals, however, 
are not readily identifiable on untargeted daily feeding alerts 
designed to capture individual animals with marked anorexia 
over a rigid time period (see methods). Here, we propose that 
feeding data is most efficiently used in the social management 
of captive primates and has the greatest potential to improve 
animal welfare when feeding data is analyzed in conjuncture 
with behavioral and trauma data. Specifically, we propose 
that feeding alert parameters are best defined by the user and 
inclusively target: 1) matrilines at identifiable risk for social 
instability; 2) high-ranking individuals with control roles in the 
group; and 3) sensitive time periods for increased aggression 
(for example postconflict or -changes in group composition). 
Real-time analyses of feeding data by these parameters can 
possibly alert management to agonistic interactions (of varying 
degrees of intensity) with inadequate conflict resolution. Man-
agement staff can then use this timely information to increase 
observations and possibly intervene prior to the escalation of 
additional aggression and trauma. Although further research is 
needed to fully validate these targeted alert queries, the utility 
of automated feeding data in the social management of captive 
colonies of rhesus macaques represents a paradigm shift from 
more conventional practices. This technology used in the context 
of social health surveillance is novel and has the potential to 
improve animal wellbeing and management efficiency, which 
in turn, fosters the conduct of high-quality science using NHP.
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