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Alopecia in Outdoor Group- and Corral-Housed
Baboons (Papio hamadryas spp.)

Corrine K Lutz” and R Mark Sharp

Alopecia has been reported to occur in several species of captive NHP. Much of this research has focused on macaque mon-
keys; whether other primate species such as baboons are affected similarly is unknown. Because alopecia can be a focus of
inspectors and a possible marker of wellbeing, the purpose of the current study was to survey the occurrence of alopecia in
2 baboon populations and to identify potential risk factors. Subjects were 262 group-housed and 279 corral-housed baboons.
Alopecia was assessed cage-side (group-housed) and on sedated animals (corral-housed). Although alopecia was mild in both
populations, there were significant effects of season and sex. Alopecia was greater in the winter (group-housed) and the fall
(corral-housed) and in female baboons. In addition, the group-housed baboons showed a significant negative effect of age
and a lesser effect of group size on alopecia. These results demonstrate that variables other than those associated with animal

management practices can affect hair loss in baboons.

Alopecia, or hair loss, is a multifaceted condition that occurs
in several species of captive NHP.2 The extent of hair loss can
vary, ranging from diffuse hair thinning and small, focal bare
spots to large areas of missing hair,'%1530 but most reported
cases are mild.>*° Alopecia is not an uncommon condition;
as many as 34% to 86.5% of rhesus monkeys maintained in
laboratory environments exhibit some form of hair loss.!62031
However, the etiology of this condition is poorly understood,
given the numerous and diverse potential factors contribut-
ing to hair loss, including sex, age, season, housing condition,
pregnancy, social rank, behavior, hormonal changes, disease,
and stress.>1620222330.32 Because alopecia is often readily visible
and because it can be a potential indicator of impaired health or
wellbeing, it is often a focus of inspectors and facility managers.
Therefore, it is important to assess the extent and etiology of
alopecia in captive primate populations to better understand
hair loss as an indicator of animal wellbeing.

Intrinsic characteristics of animals, including species, sex,
and age, are known to play a role in hair loss. Within the genus
Macaca, species vary in terms of overall amounts of alopecia.
In several studies, pigtailed macaques (M. nemestrina) showed
greater amounts of alopecia than did either rhesus (M. mu-
latta) or cynomolgus (M. fascicularis) macaques,>” and rhesus
macaques showed greater amounts of alopecia than did cyn-
omolgus macaques.'®!” In addition, hair loss appears to affect
female more than male NHP,>1617.2030 which may be due in part
to pregnancy.>” However, this finding is not universal; in one
study, no sex-associated difference was observed,® whereas in
another study, male macaques were affected more than were
female.!® In addition, age can affect the severity of alopecia;
younger animals tend to have a thicker hair coat than do older
animals,>>161730 but in some cases, young adult animals (for
example, 4 to 10 y old) had significantly higher alopecia scores
than did older adults (for example, older than 10 y).'”
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Hair growth or hair loss can also be influenced by environ-
mental factors such as season or housing condition. In rhesus
macaques, hair loss or molting can be seasonal, 32 with the poorest
coats occurring during the spring or winter months and better
coats occurring during the autumn months.>* Similarly, seasonal
hair loss has been reported to occur in other species of macaques,
including pigtail, cynomolgus, and Japanese macaques, with
hair loss occurring primarily in the fall or winter,!”* and in
wild vervet monkeys (Cercopithecus aethiops), with hair loss
peaking during November through January.!® In addition to
seasonal effects, captive housing conditions can affect alopecia.
For example, NHP housed outdoors tended to have a better coat
condition than did those housed indoors,® and animals that
originated from an outdoor colony before being moved indoors
tended to have a lower incidence of alopecia than did those
born and raised indoors and currently housed under the same
conditions.'® Similarly, rhesus macaques housed in enclosures
with gravel substrates had significantly more alopecia than did
those in grass-covered enclosures. This poor coat condition in
animals on gravel substrates may be due to decreased time spent
foraging and increased time spent grooming. '

Social factors, such as dominance rank and group size, can
influence hair loss. For example, low- or middle-ranking rhesus
monkeys tend to have worse coats than do their high-ranking
counterparts.>!* Some of this hair loss may be due to hair-
pulling by self or others.2%?” Despite the rank-related effects,
social housing is associated overall with increased coat quality.
Pair-housed NHP were noted to have a better hair coat than
did those that were singly housed,'” and moving animals into
pairs or social groups helped to reduce alopecia.” However, coat
condition was reported to worsen with a decrease in available
space per animal,®’ and increasing animal density intensified
the influence of pregnancy on hair loss.? These effects may result
from increased stress® or increased grooming in response to
increased cage density.!4

Whereas the extent of and risk factors for alopecia have pri-
marily been assessed in macaque monkeys, 121618202231 Jegg jg
known about the occurrence of alopecia in baboon populations.
Therefore, the purpose of our current study was to assess the
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extent of alopecia in captive baboons and to determine whether
housing conditions and factors other than animal management
practices, such as season, sex, and age, contribute to alopecia
in this population.

Materials and Methods

All animals in both studies were housed at the Southwest Na-
tional Primate Research Center, which is AAALAC-accredited,
and maintained in accordance with the Guide for the Care and Use
of Laboratory Animals.'> All work was approved by the IACUC
of the Southwest National Primate Research Center.

Study 1: Group-housed baboons. Subjects. The subjects were
317 olive and olive hybrid baboons (Papio hamadryas spp; male,
156; female, 161; age, 2 to 29 y [mean, 8 y]). They were housed
in 25 social groups (13 same-sex groups, 1 juvenile group, 11
harem groups) that ranged in size from 5 to 21 baboons (mean,
14) in outdoor cages that measured approximately 45 m? and
contained indoor access. Of the 317 subjects, 55 (24 male, 31
female) were unavailable for scoring in the winter. Therefore,
data analyses were conducted on the remaining 262 baboons
(male, 132; female, 130; age, 2 to 25 y [mean, 7.5 y]).

Procedures. Two observers assessed and achieved consen-
sus regarding each animal’s coat condition by using the ‘rule
of nines” and the alopecia scoring system developed by the
National Primate Research Center Behavioral Management
Consortium.* The baboons were awake and in their social
groups during scoring, and the observers viewed the animals
from outside of the cage. Alopecia scores were based on the
percentage of body surface affected (Figure 1). Scoring took
place during Summer 2009 (June and July) and in the winter
(December 2009 and January 2010) to assess the effect of season
on alopecia.

Study 2: Corral-housed baboons. Subjects. The subjects were
334 olive and olive hybrid baboons (Papio hamadryas spp.; male,
118; female, 216; age, 2.4 to 17.9 y [mean, 7.4 y]). They were
housed outdoors in two 6-acre, same-sex corrals. In addition,
2 adult vasectomized male baboons were housed in the female
corral, but these 2 male baboons were excluded from this study.

Procedures. Alopecia scoring took place while the baboons
were sedated for twice-annual physical examinations, which
occurred between 2009 and 2011 (2 in April and 2 in October).
Two observers closely inspected each animal while it was
recovering from sedation and scored alopecia by using the
previously described scoring system.* The observers achieved
consensus for each alopecia score. Only animals that had at
least one score each for April and October were included in the
study. This criterion reduced the sample size by 55, resulting
in a sample size of 279 baboons (male, 86; female, 193; age,
2.4 to 17.9 y [mean, 7.5 y]). For subjects that were scored for
a given month during both years, only the first score for that
month was used.

Data analyses. The data were analyzed by using the R
language environment for statistical computing? within the
RStudio? development environment, including the dplyr,3*
ggplot2%” knitr,®® lubridate,® moments,'” repolr,> RODBC,?
stringr,3® ‘testthat, XLConnect,?! and xtable® packages. The
package repolr, which uses a modified version of the general-
ized estimating equation method for model fitting, was used to
fit a proportional-odds logistic-regression model to the ordinal
alopecia score data. We chose this model because it accom-
modates ordered categorical dependent variables and both
numeric and categorical independent variables. Independent
predictive variables used are defined below within the descrip-
tion of each study.

Alopecia in baboons

Alopecia score % of body surface affected

0 0

1 >0 to 10
2 >10 to 25
3 >25 to 50
4 >50 to 75
5 >75 to 100

Figure 1. Alopecia score according to percentage of body surface af-
fected.

Study 1: Group-housed baboons. Season, sex, and pregnancy
status were each treated as categorical predictor variables
having 2 states. Group size was treated as a numeric variable
and defined as the average number of cage mates each animal
had for the 2 mo of June and July for the summer group sizes
and the 2 mo of December and January for the winter group
sizes. Age was coded as a numeric variable and measured to
the nearest day.

There were not enough pregnant animals to include preg-
nancy within the regression analysis. In addition, the number
of pregnant baboons during the summer (1 = 3) was too small
for statistical analysis. However, 11 baboons were pregnant
during the winter assessments. To test the effect of pregnancy
on hair coat during the winter, a 2-sample ¢ test was conducted
on these female alopecia scores, with the scores being treated
as numeric values.

Study 2: Corral-housed baboons. Season and sex were each
treated as categorical predictor variables, and age was coded as a
numeric variable, as in study 1. Pregnancy and group size could
not be used, because no animals were at risk of being pregnant
and because the baboons were housed in 2 social groups only.

Results

Study 1: Group-housed baboons. The extent of alopecia in the
group-housed baboons was mild. On a scale of 0 to 5, the aver-
age alopecia score was 0.9 (range, 0 to 3) for the summer and 1.5
(range, 0 to 4) for the winter (Figure 2). In the winter, pregnant
female baboons (1 = 11) had significantly (t,,, = —2.21, P <0.05)
higher alopecia scores than did nonpregnant female baboons.

Our intent was to select the model with the lowest Quasi
Akaike Information Criterion.?* However, we found that the
coefficients were unstable during the initial fits of a 3-level
proportional-odds model using season, age, sex, and group
size with interactions among all independent variables. This
instability was likely caused by having too few observations for
some of the combinations of variables. We therefore reduced
the model to a 2-level proportional-odds model and tested
all possible 2-way interactions. The model with the lowest
Quasi Akaike Information Criterion was that in which there
was a sex x age interaction with a coefficient (log odds, 0.05;
odds, 1.05), indicating that young female baboons were more
likely to have a higher alopecia score than that explained by
a model without interactions. However, although the coef-
ficient estimates were very similar to the estimates provided
by the 1-level proportional-odds model, all but the coefficient
for seasonality failed to be significantly different from 0. We
therefore chose to describe in detail the results of the 1-level
proportional-odds model, which included season, sex, age,
and group size (Table 1).

The estimated seasonal effect was —1.14. However, this result
is on the log-odds scale. Interpretation is easier when the expo-
nential function is used on the estimate to obtain the effects in
terms of odds. This adjustment yields a treatment effect of 0.32
(P<0.001), indicating that baboons during winter were 3.1 times
more likely to have alopecia than were animals in the summer.
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Figure 2. Alopecia scores in the group-housed animals.
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Table 1. Regression coefficients and robust standard errors for group-
housed baboons

Log (odds) Odds  Robust SE P
Season -1.14 0.32 0.119 <0.001
Sex 0.64 1.89 0.204 0.002
Age 0.05 1.05 0.020 0.011
Group size 0.04 1.04 0.022 0.092

Similarly the sex-effect estimate was 0.64 on the log-odds scale
and 1.89 (P < 0.005) on the odds scale, indicating that female
baboons were 1.9 times more likely to have alopecia than were
male. The age effect estimate was 0.05 on the log-odds scale
and 1.05 (P < 0.05) on the odds scale, indicating that younger
baboons were, on average, more likely to experience hair loss
than were older animals. The group-size effect estimate was
0.04 on the log-odds scale and 1.04 (P < 0.10) on the odds scale,
indicating that animals within smaller compared with larger
groups tended to experience more hair loss.

Study 2: Corral-housed baboons. Like that in group-housed
animals, the extent of alopecia in the corralled baboons
was mild. On a scale of 0 to 5, the average alopecia score was
1.0 (range, 0 to 3) in April and 1.2 (range, 0 to 4) in October
(Figure 3).

For these data, we were able to select the model with the
lowest Quasi Akaike Information Criterion. The independent
variables available for modeling alopecia scores were seasonal-
ity, sex, and age, with age modeled as a continuous variable.
The best-fitting model included only season and sex (Table 2).
The corralled baboons were housed in only 2 groups, preventing
any estimate of group-size effect, and it is likely that the limited
age distribution among both sexes, and particularly within
the male baboons, reduced our ability to detect age-associated
effects within the corral-housed animals. The maximal age for
male baboons in study 2 was below the third quartile for all
other groups and below the mean for female baboons in both
studies (Table 3).

The estimated seasonal effect was —0.44 on the log-odds
scale and 0.64 on the odds scale (P < 0.001). This result in-
dicates that the average baboon is 1.56 times more likely to
have a higher alopecia score in the winter than in the sum-
mer. The sex-effect estimate was 0.35 on the log-odds scale
and 1.42 on the odds scale (P < 0.10), indicating a trend that
female baboons were 1.4 times more likely to have hair loss
than were male baboons.
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Figure 3. Alopecia scores in the corral animals.
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Table 2. Regression coefficients for best-fitting model for corral-housed
animals.

Log (odds) Odds Robust SE P
season -0.44 0.64 0.121 <0.001
sex 0.35 142 0.209 0.097

Discussion

This study showed that mild alopecia was present in 2
populations of baboons, with a median score of 1 on a scale of
0 to 5, and that both sex and season affected hair coats in both
populations. These results were consistent across the 2 studies
even though the baboons in the 2 studies had different hous-
ing conditions (medium-sized caged groups compared with
large corralled groups) and different degrees of animal contact
(viewed from outside of the cage compared with physical con-
tact with sedated animals).

Our study found that female baboons exhibited greater
hair loss than did male baboons. This finding is consistent
with many studies that report greater amounts of alopecia in
female macaques.31%20%0 Greater hair loss in female NHP may
in part be due to pregnancy, given that a poor hair coat often is
pronounced in the final months of pregnancy and during the
month after parturition.?” This explanation may have been the
case in our group-housed baboons, because some of the female
baboons were pregnant at the time of observation, and those that
were pregnant in the winter had higher alopecia scores than did
those that were not pregnant. Baboons in this colony give birth
year-round, although births increase in the spring. However,
due to the small percentage of pregnant female baboons in the
group-housed population, especially during the summer, there
are insufficient data to detect a significant effect of pregnancy
on overall alopecia scores in female baboons. In addition, the
corral-housed female baboons were housed with 2 vasectomized
male baboons in an otherwise all-female group and were not
pregnant at the time of observation; however, these corralled
female baboons, like those group-housed, exhibited a trend
toward greater hair loss than that observed in male baboons.
Therefore the factors that underlie the sex-associated differences
in alopecia in the 2 populations are unclear. Other factors, such
as social conditions, may have played a role.

In addition to sex, season affected hair loss in the ba-
boons, with levels of alopecia being the highest in the fall
(corral-housed) and winter (group-housed). Seasonality in
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Table 3. Age distribution (y) according to sex

Alopecia in baboons

Study Sex Minimum First quartile Median Mean Third quartile Maximum
1 Female 1.7 3.7 8.2 8.8 11.7 24.6
1 Male 1.7 34 3.8 6.3 8.4 20.7
2 Female 2.6 5.1 6.5 8.5 12.6 17.9
2 Male 24 4.8 5.2 54 5.8 7.92

®Note that the maximal age for male baboons in study 2 is below the third quartile of all other groups and below the mean age of female baboons

in both studies.

hair loss has been reported to occur in other primate spe-
cies, and the seasons with the greatest hair loss tend to be
fall, winter, and spring.21317:30-3238 Eor example, poor coats
were reported to occur in the winter for vervet monkeys and
Japanese macaques,'® in the winter and spring for rhesus
monkeys,?? and in the fall and winter for cynomolgus
monkeys.!” Differences in seasonality may be due in part
to species-specific features or to differences in climate. Pos-
sible mechanisms for seasonal changes in alopecia include
temperature, humidity, and photoperiod,?>!73? all of which
can affect outdoor animals.

In the group-housed baboons, younger animals had more
hair loss than did older animals. This finding contradicts re-
ports of rhesus monkeys, in which older animals frequently
were noted to have poorer hair coats than those of younger
animals.>>162330 However, this age-associated effect is incon-
sistent; in one study, older adult macaques had significantly
lower alopecia scores than did younger adults.!” Because our
observers assessed the hair coats of group-housed animals
from outside of the cage and at a short distance, mild age-
related hair thinning may have gone unnoticed in the present
study. Alternatively, baboons may not consistently experience
the age-related hair thinning or hair loss that is often reported
in macaques. In addition, our ability to detect and measure
age-associated effects was reduced by the age distributions
in both of our studies. Specifically, our baboons were young
predominantly, with a median age of 5.7 y, and only 12% of
baboons were 14 y of age or older. The effect of age on alopecia
in baboons therefore needs further investigation.

In the group-housed baboons, group size, and therefore cage
density, did not play a significant role in alopecia. However,
there was a trend toward increased alopecia in smaller groups.
This finding contrasts with reports in rhesus monkeys, in which
coat condition worsened as the amount of space per animal
decreased.® In our current study, the larger groups in the group-
housed population tended to consist of younger, and therefore
smaller, baboons, a factor may have lessened the influence of
group size on available space. In addition, the enclosures for
group-housed baboons were relatively large, at approximately
45 m?. Perhaps the baboons in this population were not suf-
ficiently constricted for animal density or social stress to affect
alopecia. In addition, the positive benefits of outdoor housing
may have helped to mitigate the effect of group size on alopecia.

As in rhesus monkeys, hair loss in baboons is complex and
can be affected by many different variables. However, some
variables, such as sex and season, may play a greater role in
baboon alopecia than do other variables, such as age or cage
density. Although alopecia may be a focus of some inspectors or
facility managers, all hair loss does not necessarily reflect animal
management practices. Our study highlights the importance
of identifying which variables do influence alopecia in captive
primate populations, to help direct appropriate care.
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