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Abstract:  Many taxa use physiological and behavioral mechanisms to cope with cold stress in seasonal habitats.  Among some 
species of primates, physiological mechanisms such as torpor and behavioral mechanisms such as huddling and sunbathing 
are important thermoregulatory responses.  During a study of male behavior, vervet monkeys living in temperate climates 
in South Africa were observed sunbathing on particularly cold or frosty mornings.  We observed that vervets remained at 
their overnight sleeping site in the early morning and sunbathed for considerable periods (up to three hours after sunrise) 
during the shift from autumn to winter.  These sunbathing bouts were marked by decreased physical activity and close social 
proximity.   Our results indicate that sunbathing was correlated with cooler low temperatures, lower humidity levels, and 
lower dew points.  Vervets sunbathed more on mornings with cooler overnight temperatures and dryer conditions. In one 
study troop,  mornings when sunbathing occurred were associated with a non-significant trend toward higher rates of male 
social contact with females and juveniles.  We suggest that environmental conditions unique to southern Africa may promote 
sunbathing in vervets, although additional data are needed to determine if this has an effect on social contact.
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Résumé:  Beaucoup de taxons animales utilisent des mécanismes physiologiques et comportementaux afin de lutter contre les 
stresses thermiques dans les habitats saisonniers. Chez quelques espèces de primates, des mécanismes physiologiques comme la 
torpeur et comportementaux comme les bains de soleil et le blotissement sont des réponses thermorégulatrices importantes. Lors 
d’une étude sur le comportement de singe mâle, des singes vervets habitants des zones à climats tempérés en Afrique du Sud 
furent observés en train de faire des bains de soleil durant des matins particulièrement froid. Nous avons observés que les vervets 
restaient le matin à leur lieu de sommeil et faisaient des bains de soleil pendant de longues périodes (jusqu’à trois heures après le 
lever du soleil) durant la période transitoire entre l’automne et l’hiver. Ces bains de soleil étaient marqués par une baisse d’activité 
physique et de la distance sociale proche entre individus. Nos résultats montrent que les bains de soleil sont en corrélations avec 
des températures basses, des niveaux d’humidité bas et des niveaux de rosée bas. Les vervets ont fait des bains de soleil plus long 
pendant les matins ou les températures de la nuit étaient plus froides et les conditions d’humidité plus sèches. Dans l’un des groupes 
d’étude, les matins ou les vervets pratiquaient des bains de soleil étaient associés avec une tendance non-concluante de hausse 
des comportements sociaux entre les mâles et les femelles et les juvéniles. Nous suggérons donc, que les conditions climatiques 
uniques à l’Afrique du Sud promeuvent les bains de soleil chez les vervets, cependant, des données supplémentaires permettront de 
déterminer si cela à un effet concluant sur le contact social.

Mots cle:  singes vervets, comportements sociaux, bains de soleil, effet des climats saisonniers 

IntroductIon

Research on the physiological and behavioral mechanisms associated with maintaining body temperature in primates 
has largely focused on lemurs (Schmid & Kappeler, 2005).  In some cases, physiological mechanisms have been found among 
taxa living in seasonal habitats with cold stress.  Torpor, a period of inactivity often distinguished by lower body temperature 
and lower metabolic rate (Schmid & Speakman, 2000), is the physiological mechanism that some primates use for coping 
with cold stress (Ankel-Simons, 2000).  Field studies of fat tailed dwarf lemurs (Ortmann et al., 1997) and gray mouse lemurs 
(Schmid & Speakman 2000, Schmid & Speakman, 2009) suggest that torpor is closely tied with environmental conditions and 
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plays an important role in energy expenditure.  Recent work 
indicates that a small-bodied primate, Galago moholi, also 
may be capable of undergoing torpor (Nowack et al., 2010).  
Other primates use behavioral mechanisms as alternative 
means for coping with cold stress.  Ring-tailed lemurs 
cope with cold temperatures by spending time basking 
in the sun.  Rather than using physiological mechanisms, 
behavioral mechanisms such as sunning and decreased 
activity may help primates in temperate zones adapt to 
cold conditions (Morland 1993).  While strepsirrhines may 
use physiological and behavioral mechanisms to cope with 
temperate climates, little is known about the physiological 
and behavioral mechanisms anthropoids use to cope with 
cold stress in temperate habitats.

Among vervet monkeys, Chlorocebus aethiops, there 
have been some anecdotal descriptions of behavioral 
mechanisms used to combat cold stress.  Gartlan and Brain 
(1968) noted that vervet monkeys in South Africa tended to 
cluster together in cold weather, sometimes embracing one 
another.  At such temperate sites, where such clustering and  
behavior referred to as sunbathing could be observed during 
the winter mating season, there may be additonal social 
aspects, including vervet males having the opportunity to 
spend longer periods of time in close social contact with 
females and young.  Such  increased social contact may 
affect individual relationships within the group. 

During a short study of male vervet behavior, we 
examined how climatic variables and time of day correlated 
with patterns of social contact between males and other 
group members. In this paper, we will address two 
questions: 1) What environmental conditions are associated 
with sunbathing?; and 2) Are male rates of social contact 
with females and juveniles associated with the presence or 
absence of troop sunbathing behavior?  As both air moisture 
and temperature contribute to how individuals experience 
seasonal discomfort, we hypothesized that environmental 
conditions such as temperature and air moisture would 
correlate with observations of sunbathing behaviors, and 
we predicted that vervets would be observed sunbathing 
on days with lower temperatures, lower dew points, and 
lower humidity.  In South Africa, vervets have a winter 
mating season (Butynski 1988) and we also hypothesized 
that sunbathing may facilitate higher rates of social contact 
between males and conspecifics which may, in turn, 
ultimately have an effect on potential mating partners and 
their offspring.

Methods

This study took place at the Soetdoring Nature Reserve 
near Bloemfontein, South Africa, during a mating season, 
April-July of 2010 (Figure 1).  The elevation of the site is 
approximately 4450 ft above sea level and the climate is 
temperate with winter minimum temperatures below 

freezing.  This is an arid semi-desert site that experiences 
low overnight temperatures (range: 19-53o F; mean: 37.7o F; 
SD: 8.6o F) during morning periods, but moderate afternoon 
temperatures (range: 45-84o F; mean: 69.5o F; SD: 7.3o F), 
during the winter months.  During the course of the study 
nighttime low temperatures ranged from 19-53o F, dew 
points ranged from 21-56o F, and humidity levels ranged 
from 24-90%.  

Behavioral observation data were collected for two 
free-ranging vervet monkey troops in the Reserve.  Both 
study troops were semi-habituated and all sub-adult and 
adult males (n=10) were individually identifiable.  Based on 
trapping data (Turner, unpubl. data) and observation data 
(Danzy & Turner, unpubl. data), we estimated that Troop 1 
included approximately 33 monkeys (12 sub-adult and adult 
females, 15 juveniles and infants, and 6 sub-adult and adult 
males), and Troop 2 included approximately 26 monkeys 
(10 sub-adult and adult females, 12 juveniles and infants, 
and 4 sub-adult and adult males).  

Focal behavioral observations and ad libitum 
observations (see Altmann, 1974) were collected using a 
behavioral ethogram modified from Struhsaker (1967; see 
Table 1).  Focal subjects were all sub-adult and adult males 
in the two study troops.  Focal observations were conducted 
for one-hour periods.  We used a predetermined schedule to 
ensure that all males within the study troops were observed 
during the course of the observation day.  If the next male in 
the rotation could not be found for a period of 30 minutes, 
we began behavioral observation on the next male in the 
schedule.  Point time samples were collected at five minute 
intervals; nearest neighbor and all direct, non-aggressive 
social contact were recorded (Table 1).  The point time 
samples were used to calculate the rate of social contact 
with females and juveniles per observation hour.  For the 
purposes of this study, we defined social contact as the 
focal animal being within 2 m of an adult female or young 
(infant or juvenile) group member, or engaged in one or 
more affiliative behaviors (Table 1).  Ad libitum behavioral 
data were collected to assign each sub-adult and adult 
male a rank based on the outcome of dyadic aggression.  
Behavioral observations were not collected on continuous 
days.  Hunting of large game animals took place in part 
of the Soetdoring Nature Reserve approximately 2-3 days 
per week and we were unable to monitor the troops during 
those days.

For all morning observation periods (6 am to 11 
am), sunbathing (sunbathing vs. non-sunbathing) was 
determined through ad libitum observations of the group.  
Sunbathing was marked by close social contact and 
behavioral stasis while the subject was oriented toward/
exposed to the sun (Figure 2).  Sunbathing subjects exposed 
their ventral skin to the sun and changed their body’s 
position as the angle of the sun or cloud coverage changed 
(Figure 3).  A sunbathing bout was defined as a morning 
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table 1 - Behavioral ethogram used to collect point time samples during focal animal observation.  Three main categories 
of behavior were recorded: nearest neighbor, social contact, and solitary activity.  For the purposes of this study, we 
defined social contact as the focal animal being within 2 m of an adult female or young (infant or juvenile) group member 
and engaged in one or more affiliative behaviors, including grooming, embracing, muzzle-muzzle or huddling.

Figure 1. Map of south Africa identifying the location of the soetodoring nature reserve to the north of Bloemfontein.  detailed 
map of the reserve is on the right.
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 Behavior Definition
Nearest Neighbor(s) proximity Conspecifics within 2 m of focal subject

Social Contact

groom social cleaning between conspecifics (Struhsaker 1967)

embrace physical contact with a conspecific using two hands 
(Struhsaker 1967)

muzzle muzzle muzzle contact between conspecifics (Struhsaker 1967)

huddle
physical contact between two or more conspecifics without 
embracing, usually in a sitting posture, sometimes with tails 
entwined (Struhsaker 1967)

Solitary Activity

forage/eat actively looking for food and ingesting food (Struhsaker 
1967)

drink actively drinking water from a pool or stream

self groom non-social cleaning of focal subject by focal subject 
(Struhsaker 1967)

scan focal animal actively engaged in continuous visual scanning 
of surrounding area, often from canopy

locomotion focal animal actively moving and traveling



Figure 3. typical sunbathing postures during sunbathing bouts.  Photograph by Jennifer danzy.
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Figure 2. Vervet monkeys sunbathing at soetdoring nature reserve.  Photograph by Jennifer danzy.



period of behavioral stasis near or in the troop’s previous 
night sleeping site for a period of at least one hour.  If five 
or more adult members of the troop were sunbathing, 
we classified the morning period as sunbathing.  We 
followed troops each day and classified morning periods 
as sunbathing (one) or not sunbathing (zero).  During 
our observations, neither troop was observed sunbathing 
during the afternoon when ambient temperatures in this 
arid environment were much warmer than overnight low 
temperatures.  As sunbathing bouts were only observed 
during morning periods, we did not classify afternoon 
periods as sunbathing or not sunbathing.  

Climatic variables were obtained from the South 
African Weather Service. Daily ambient temperature, 
precipitation, relative humidity, and dew point information 
was available for Bloemfontein (approximately 51 km from 
the Soetdoring Nature Reserve).  Meteorological work 
indicates that relative humidity is related to the spread 
between ambient temperature and dew point, but that dew 
point and humidity are not always correlated (Ackerman & 
Knox, 2011).  For the analyses presented in this paper, we 
considered these climatic variables separately.  Dew point 
temperature and humidity percentage were included as part 
of our analysis because both air moisture and temperature 
are important components of how individuals experience 
seasonal discomfort.  Frost was visible during morning 
periods but was not measured as part of this study.

All statistical analyses were performed using SPSS 
16.0.  ANOVA tests were used to determine if climatic 
factors were related to the presence or absence of sunning 
behavior.  All behavioral observations were quantified as 

rates.  Rate of social contact refers to the number of times 
the focal animal engaged in social contact with females or 
juveniles per hour.  Pearson’s correlation tests were used 
to examine the relationship between male rank and rates 
of social contact (number of social contact behaviors per 
hour) with conspecifics.  Paired t-tests were used to examine 
if there were significant differences between male rates of 
social contact across the two morning condition periods, 
sunbathing and non-sunbathing.

results

Both study troops were observed daily during the 45 
observation days included in this study.  A total of 249 
focal observation hours were collected (Troop 1, 206 hours; 
Troop 2, 43 hours) with 3024 point time samples (Troop 1, 
2472 point time samples; Troop 2, 16 point time samples).  
The average focal observation time for males in Troop1 was 
34.3 hours, with a range of 10-54 hours of observation time 
per male.  The focal observation time for males in Troop 2 
was 4.3 hours, with a range of 14-15 hours of observation 
time per male.  We observed both troops sunbathing on 23 
of the 45 observation days.

Sunbathing and climatic conditions

We predicted that vervets sunbathed on days with 
lower temperatures, lower dew points, and lower humidity.  
Vervets were observed sunbathing on days with cooler 
low temperatures (Figure 4; F1, 44=30.49, p<.001) and 
cooler overall mean temperatures (F1, 44=23.87, p<.001). 
Vervets also were observed sunbathing on days with lower 
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Figure 4: sunbathing is more likely to occur on days with cooler 
low temperatures (F1, 44=30.49, p<.001).

Figure 5: sunbathing is associated with lower dew points and 
lower humidity levels when the air is dryer and frost is more 
likely (F1,44=35.78, p<.001). 



mean humidity levels (F1,44=4.56, p<.05), and lower mean 
dew points (Figure 5; F1,44=35.78, p<.001) when frost was 
visible.  The study site generally was dry and only 20% of the 
observation days had measurable precipitation.  Rain was 
the only observed type of precipitation during this study, but 
we did not find any association between sunning behavior 
and precipitation (F1, 44 =1.16, p>.05).

Sunbathing and male social contact

We examined if rates of social contact were related to 
morning condition; i.e.,  sunbathing or non-sunbathing.  
We predicted that males would have higher rates of social 
contact on sunbathing days than non-sunbathing days 
due to the long periods of behavioral stasis.  Overall, 
males had higher rates of social contact with females and 
juveniles during sunbathing mornings (.32/hr. and .31/hr., 
respectively) compared with non-sunbathing mornings 
(Table 2; .14/hr. and .22/hr., respectively).  Although some 
males had higher rates of social contact with females and 
juveniles during sunbathing mornings, paired t-tests 
indicated that this relationship was not significant (Table 2; 
T6=1.56, p>.05; T6=1.45 p>.05; respectively).

Our observations indicated that sunbathing bouts were 
marked by close social contact between some focal males 
and females and juveniles.  Based on captive studies of male 
social contact, we predicted that rates of social contact 
observed in a sunbathing context may be confounded 
by rank relationships.  Previous research indicates that 
high ranking males have higher rates of social contact 
with females (Raleigh & McGuire, 1989) and possibly 
with juveniles (Hector et al., 1989), but these studies did 
not examine the relationship of rank and rates of social 
contact by time of day.  In this study, we found that male 
rank was unrelated to rate of social contact with females 
for both morning conditions (sunbathing: n=7, r=-.09, 
p>.05; non-sunbathing: n=7, r=-.23, p>.05), and similarly 
unrelated to rate of social contact with juveniles for both 
morning conditions (sunbathing: n=7, r=-.05, p>.05; non-
sunbathing: n=7, r=-.23, p>.05).

dIscussIon

While conducting a short behavioral study of male 
vervet monkey behavior at a South African site with 
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table 1 - Most males had higher rates of social contact with females and juveniles during morning observation periods 
when sunbathing is observed than during morning observation periods when sunbathing is not observed.  This result 
was not significant when we examined intra-individual patterns of behavior using paired t-tests (rate of social contact 
with females: t6=1.56, p>.05; rate of social contact with juveniles: t6=1.45 p>.05).  note that rate refers to the number of 
times the focal animal engaged in social contact with females or juveniles per hour.

 Rate of social contact with females Rate of social contact with juveniles

Subject 
ID Troop Rank Sunbathing Non-sunbathing Sunbathing Non-sunbathing

BTF 1 1 0.93 0.19 0.70 0.39

STF 1 2 0.39 0.00 0.30 0.23

R 1 3 0.03 0.09 0.20 0.73

Beta 1 4 0.50 0.20 0.98 0.15

F 1 5 0.20 0.09 0.26 0.07

T 1 5 0.36 - 0.00 -

BH 2 1 0.00 - 0.00 -

A 2 2 0.03 0.40 0.29 0.00

BF 2 3 0.36 0.00 0.39 0.00

BB 2 3 0.36 - 0.00 -

Ave.  0.32 0.14 0.31 0.22



extreme seasonal variation, we observed that vervets 
sunbathed on particularly cold or frosty mornings.  
Previous to these observations, research on behavioral and 
physiological adaptations to seasonal climatic changes has 
largely focused on strepsirrhine primates.  There have been 
no other systematic reports on sunbathing as a behavioral 
adaptation to seasonal change in anthropoid primates living 
in temperate climates, although recent work has begun to 
suggest that lemurs are not the only primates that undergo 
physiological and/or behavioral adaptations to seasonal 
changes in such temperate climates (Nowack et al., 2010).  
The observations made during this study support these 
suggestions by indicating that, like primates such as ring-
tailed lemurs, vervet monkeys in temperate areas cope with 
seasonal climatic changes by sunbathing. During the winter 
months at the Soetdoring Nature Reserve, vervets slept 
in trees that were almost entirely bare and where, on very 
cold days, frost was present.  Vervets had previously been 
reported to group more tightly in sleeping trees on cold 
nights (Gartlan & Brain, 1968).  Our observations indicated 
that vervets remained in the previous night’s sleeping tree(s) 
and spent long periods of time sunning the following 
morning.  Based on behavioral observations, it appears 
that vervets may use sunbathing on days with lower daily 
low temperatures, lower dew points, and lower humidity, 
indicative of behavior which should aid in thermoregulation.  
This behavior may be similar to observations of sunbathing 
in Colobus polykomos in a more tropical environment, 
where the behavior is positively associated with higher 
temperatures during the rainy season and potentially 
important for drying animals after overnight exposure to 
rain (Dasilva, 1993).

We also observed changes in male social contact 
between the morning and the afternoon periods and 
suggest that cold stress may have an important impact on 
the rate of social contact with other group members.  While 
sunbathing is likely a behavioral response to cold stress, what 
is not yet clear is whether the associated close proximity to 
others reflects a simple continuation of close contact with 
the previous night’s sleeping partners, or whether this 
clustering is behavior more directly motivated by the need 
to alleviate cold stress. At the end of each observation day, 
troops moved into sleeping trees where they were found 
during the next morning’s observation period. We observed 
very little physical movement before sunrise and through 
the sunbathing bouts, which suggests that social partners 
during sunbathing bouts were likely sleeping partners from 
the previous night.  It seems unlikely that prior to sunrise, 
individuals rearranged themselves within the troop’s 1-3 
sleeping trees and then began their period of sunbathing 
activity, although future studies are needed to ascertain if 
overnight sleeping partners also are morning sunbathing 
partners.  

Congruent with Gartlan and Brain’s notation that vervets 
huddle more tightly in sleeping trees during the winter 
(1968), we found that rates of social contact were related to 
environmental factors such as low overnight temperatures, 
dew point, and humidity.  These sunbathing mornings may 
be an important time for social interactions, as most males 
have higher rates of social contact with females (5 of 7 focal 
males) and juveniles (6 of 7 focal males) during sunbathing 
mornings, compared with non-sunbathing mornings. Due 
to the fact that these rates were not statistically significant 
for the sample as a whole, potentially a result of small sample 
size, the results are suggestive of a need for further research. 

These observations were made during the mating 
season when social contact may be especially important 
in multi-male troops. Although environmental conditions 
encourage morning social contact like sunbathing and 
huddling with conspecifics, males tend to spend afternoons 
engaged in more solitary activities such as foraging, self-
grooming or napping (Danzy & Turner, unpubl. data).  These 
changes in behavior suggest that seasonal climatic changes 
may play an important role in changing the daily activity 
budget of vervet males, and further suggest that differences 
in behavior between captive and free-ranging populations 
could reflect environmental differences that promote close 
social contact in some free-ranging populations during the 
cold winter months.  

In conclusion, although these data are preliminary, 
we suggest that, like some strepsirrhines, anthropoids 
may use behavioral mechanisms to cope with seasonal 
climatic changes in temperate environments. What remains 
unknown is whether vervets also might use physiological 
mechanisms for coping with seasonal climatic fluctuations, 
as has been observed in strepsirrhine primates.
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