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ABSTRACT

Within social groups, feeding competition and predation pressure affect individual spatial position. The
costs and benefits associated to each position are likely to influence the time that individuals allocate to
different activities. Whether the effect of spatial positioning on activity budget differs between individuals of
different sex or dominance rank remains unclear. This study aimed at investigating the effect of within-group
spatial position on the activity budget of male and female sooty mangabeys. Focal behavioral observations was
used to collect the individual location and behavior every 15 minutes (N=5115 locations) on 29 individuals
from a wild group of sooty mangabeys (Cercocebus atys) in the Tai National Park. The joint effect of rank, sex
and spatial position on individual’s activity budget was investigated. Females were more central in the group
and both fed and rested more than males, independently of their rank. High-ranking individuals from both
sexes were more likely to be central and both fed and rested longer than low-ranking ones. Females and high-
ranking individuals from both sexes benefit from their social status by adopting spatial positions in the
community that could influence their fitness positively. These results are discussed to improve our
understanding of social dynamics in wild primates.
© 2019 International Formulae Group. All rights reserved
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INTRODUCTION

Competition and predation pressures
are the factors that determine the major costs
and benefits of occupying a specific spatial
position in a social group, and shape the
evolution of social systems (Morrell and
Romey, 2008). They have direct effects on the
fitness of animals that can vary across sexes
due to the sex differences in the fitness
outcomes (Hegab et al., 2018). In primates,
the priority for females is food to meet their
high-energy requirements during the different
reproductive states such as pregnancy and
lactation (McCabe and Fedigan, 2007). For
males, the priority is access to mates, since the
main constraint on their reproductive success
is the frequency of access to fertile females to
mate (Koenig et al., 2013). To access
resources efficiently and effectively increase
reproductive success, hierarchy plays an
important role for both females and males in
many primate species with priority of access
to resources being rank-dependent (Murray et
al., 2006). High-ranking individuals can
outcompete others for optimal social and
spatial positions that give them access to
preferred resources.

Individuals in a group experience the
advantages and disadvantages of group living
differently, with an important impact of the
spatial structure of the group. Occupying
different spatial positions within the group is
strongly linked to different fitness costs and
benefits (Morrell and Romey, 2008).
Individuals in a central position are less
exposed to predators than those at the
periphery. Indeed, peripheral individuals
devote more time to vigilance than to foraging
in several primate species (Miller, 2002;
Hirsch, 2007). They benefit less from the
conspecific vigilance and dilution effects,
since they have fewer neighbors than those in
the center. Therefore, to increase their ability
to exploit resources while dealing with
constraints such as predation risks and
conspecific competitors, individuals in animal
groups are expected to compete for central
positions. Their success and motivation
should be based on their sex and their
dominance rank (Di Bitetti and Janson, 2001).

Being in a central position can be
associated with higher social costs. Intra-
group competition for resources such as food
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should be stronger at the center, where animal
density is highest and where social
interactions should be more frequent and
intense (Hirsch, 2007). Previous studies
showed that spatial position influences the
time allocated to foraging activity in primates.
Thus, the spatial position occupied by
individuals within the group represents a
trade-off between costs and benefits on their
fitness that are likely to influence the time
allocated to different activities, according to
individuals’ social status (Cebus apella: Di
Bitetti and Janson, 2001). The activity budget,
defined as an animal's allocation of time
among different behaviors, is strongly
correlated with the environmental conditions
and social characteristics in primate groups
(Di Fiore and Rodman, 2001), and can vary
according to the spatial positions of
individuals in relation to the rest of the group.
Understanding how sex, dominance rank and
spatial position affect activity budgets is
important to improve the scientific knowledge
related to the social dynamics in a large
mixed-sex group frequently seen in primates.

To contribute to filling this gap, the
impacts of within group spatial positions, sex
and dominance rank on activity budgets were
investigated in a group of wild sooty
mangabeys  (Cercocebus atys).  Sooty
mangabeys live in large multi-male multi-
female groups with philopatric females and
migratory males. Most males outrank most
females and both sexes show a linear and
stable dominance hierarchy (Range and NO§,
2002; Mielke et al., 2017). Mainly terrestrial
and frugivorous, they spend most of their
daily time (63.3%) foraging rather than resting
(26.4%) and traveling (10.3%) (McGraw et
al., 2007). Yet, the changes in activity budgets
depending on the spatial position, sex and
dominance rank of individuals remain largely
unknown in sooty mangabeys.

The main question of this study is how
within-group spatial positioning affects male
and female activity budget dynamics of sooty
mangabeys at different points of the hierarchy,
while controlling for the effect of food
abundance. Regardless of dominance rank and
spatial position, both females and males are
expected to spend more time feeding than
resting or traveling, since mangabeys spend
most of their daily time budget foraging
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(Range and Noé&, 2002). Because of the
differences in the evolutionary priorities
across sexes with females more influenced by
food than males (McCabe and Fedigan, 2007),
female activity budget is expected to show a
stronger focus on feeding than male activity
budget. Since the central position is a safe
spatial position to reduce predation pressures
and foraging is the most risky activity (Miller,
2002), individuals are expected to be more
likely to feed in central positions within the
group. In contrast, individuals in a more
peripheral position are expected to be more
likely to be observed traveling than those in
the center. Males are expected to remain at the
edge of the groups because they are less
vulnerable to predators than females and
infants (Heesen et al., 2015). The most
dominant individuals are expected to be the
most central depending on their preferences

for feeding positions, while subordinate
individuals are expected to be more
peripheral, avoiding the high level of

competition for resources in the center (Di
Bitetti and Janson, 2001; Heesen et al., 2015).
Since individual positioning could affect
foraging success, dominant sooty mangabeys,
as well as female sooty mangabeys, are
expected to occupy preferred central position
with respect to both feeding success and
safety contrary to subordinate  sooty
mangabeys (Range and Nog, 2002). The aim
of this study was to investigate the effect of
within-group spatial position on activity
budgets of male and female sooty mangabeys
at different levels of the hierarchy.

MATERIALS AND METHODS
Study area

Our study was carried out in Tai
National Park located in the South West
region of Cote d’Ivoire. The region has two
wet seasons (April-June and September—
October) and two dry seasons (July—August
and November—March). Mean monthly
temperatures range from 21.7 °C to 30.1 °C,
while rainfall averages 1893 mm per year
(Anderson et al., 2005).

Study group and species

The study was conducted on a group of
fully habituated 50-63 wild sooty mangabeys,
with an average of 15 adult females and 4
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adult males, 3 sub-adult females and 4 sub-
adult males, 11 juvenile females, and 16
juvenile males, identified by natural markings
at the beginning of the data collection period.
Since males are usually non-residents in sooty
mangabeys, there were male immigrations and
emigrations during the course of the data
collection. Adult individuals (females: >5
years; males: >7 years) and sub-adult
individuals (both sexes: >3 years) (Range and
Noé&, 2005) were equally considered in this
study.

Data collection

Data were collected over 14 months
from April 2015 to May 2016. A customized
application of CyberTracker data collection
software was used to collect behavioral data in
the first three weeks of each month. Hour-
long focal individual samples of female
(N=18) and male (N=11) individuals were
used to record within-group spatial position
only when the observer has a clear overview

of the group and activities of focal
individuals’  instantaneously at 15-min
intervals (N=5115 samples). Furthermore,

supplant interactions were recorded ad libitum
(Altmann, 1974) to determine the dominance
hierarchy (Range and Noé, 2002).

Data on phenology of fruit plants eaten
by mangabeys were recorded visually with
binoculars the last week of each month along
defined transects (Ngueguim et al., 2011).
Fruit plants included only trees and shrubs
with a Diameter at Breast Height (DBH)
>10cm (Tiebre et al., 2014) and lianas with a
DBH >5 cm (Nascimento and Laurance,
2002) from 42 species constituting the diet of
mangabeys. These plants were inventoried in
40 botanical plots of 2,000 m? each created
along four linear transects of 2 km length
each, equally spaced by 500 m. The area
covered by the four transects represented
more than 80% of our study group territory.

Data analysis
Variables:  activity,  spatial  position,
dominance rank and food availability
Feeding, resting and traveling were
recorded as main activity states at the 15 min
interval. Individuals were considered to be
resting when they were sitting or lying down;
and this includes social behaviors like
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grooming and playing. Individuals were
recorded as traveling when they were moving
from one point to another on the ground or in
the trees, running, walking or climbing
steadily. Individual were feeding when they
were manipulating and/or ingesting food items
but also when they were searching and
visually scanning the forest floor or their
environment, occasionally putting objects in
their mouth (Range and Noé, 2002; Fonkwo et
al., 2015).

The different spatial positions (central,
border and periphery) were indicated in
relation to the presence of other members of
the group in a circular area of 10 meters radius
around the focal individual at each 15 min
interval.  Since sooty mangabeys are
predominately terrestrial (McGraw et al.,
2007), the focal animal was considered to be
in a central position if there were individuals
on all sides; at the border if there were other
individuals on one side only; or at the
periphery if there were no other group
member in the circular area (Range et al.,
2007). These positions were used as a proxy
of the location of the monkeys within the
group spread.

Unidirectional supplant interactions
were used to establish the dominance rank or
hierarchy between all individuals in the group.
Dominance rank scores were calculated using
a modification of the Elo rating method
(Mielke et al., 2017), with individual
dominance rank score values calculated daily,
scaled between 0 (lowest-ranking individual)
and 1 (highest-ranking individual) and then
aggregated to estimate monthly average rank
scores. Dominance ranks for males and
females were combined to establish one
common hierarchy for both sexes.

Since sooty mangabeys are mainly
frugivorous (McGraw et al., 2007), fruit
availability should determine food
availability. The monthly productivity index
of ripe fruit was used as an indicator of
monthly food availability (Awa Il and Talla,
2019). The fruit productivity index for each
month is the sum of the fruit productivity
indices of all fruit plant species included in
the phenology. To obtain the ripe fruit
productivity index for each species, the mean
DBH, the density and the percentage of
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fruiting plants of each species were multiplied
(Anderson et al., 2005; Goné Bi, 2007).
Models and statistics

To analyze whether the likelihood of
performing each activity was influenced by
spatial positions of focal individuals within
the group, their sex, their dominance rank and
food availability, Generalized Linear Mixed
Models (Baayen, 2008) were used with
binomial error structure and log link function
(McCullagh and Nelder, 1989). Models were
conducted on the level of individual scans to
test what determined the likelihood that a
particular activity was shown at any given
time. Three models were conducted, each
testing two of the three activities against each
other to determine the likelihood that one was
chosen over the other.

Specifically, in model 1 (Table 1 for
model parameters), the influence of within
group spatial positions and sex of focal
individuals and their interaction with
dominance rank on the likelihood to feed, rest
or travel has been tested. For this, as response,
every combination of three dyadic
comparisons of activities were analyzed:
situations in which focal individuals travel
with situations in which they rest (model 1.1,
n=513); situations in which focal individuals
feed with situations in which they rest (model
1.2, n=1919); and situations in which focal
individuals feed with situations in which they
travel (model 1.3, n=1730). The sex,
dominance rank and within-group spatial
positions of the focal were included as fixed
effects in the models. Since a different effect
of within group spatial position and
dominance rank on the activity for each sex
was expected, two two-way-interactions were
included into the models, one interaction
between the sex and within-group spatial
positions of focal individuals, and one
interaction between the sex and dominance
rank of focal individuals. Monthly measures
for food availability were included as control
variable.

For model 2 (Table 1 for model
parameters), how well dominance rank, sex,
and their interaction with activity explained
the likelihood of individuals to be central or
not at any given time has been tested. As
binomial response, all occurrences of focal



B. C. GBAetal./ Int. J. Biol. Chem. Sci. 13(7): 2991-3008, 2019

individuals in the central position against all
occurrences of them in the non-central
positions (border and periphery) (n=2081)
were tested. Therefore, whether focal
individuals were central or not central in each
scan were compared based on dominance
rank, sex, and activity. Here, the dominance
rank, sex and activity of focal individuals
were included as fixed effects. Since centrality
was expected to be driven by the dominance
rank but also by the sex of focal individuals,
one two-way-interaction  between  the
dominance rank and the sex of the focal was
included in this model.

Prior to the analysis, all covariates
have been z-transformed to a mean of zero
and a standard deviation of one to get
comparable estimates and facilitate the
interpretation of the model results (Schielzeth,
2010). To avoid problems of interpretation
and multi-collinearity of the dominance rank
variable, since most males are usually higher-
ranking than most females in sooty
mangabeys, the dominance rank was
standardized within sex testing whether high-
ranking males and high-ranking females react
differently to low-ranking individuals of each
sex.

Furthermore, the focal subject identity
(N = 29 individuals), the month (N = 14
months) and date were included as random

effects into the models. All possible random
slopes were included within focal identity and
within date and month, but not the correlation
parameters between random intercepts and
random slopes terms (Barr et al., 2013). The
models were fitted in R version 3.4.1 (R
Development Core Team, 2015) using the
function “glmer” of the R package “lme4”
(Bates et al., 2015). Variance inflation factors
(Field, 2005) were calculated using the
function VIF of the R-package car (Fox and
Weisberg, 2011) applied to a standard linear
model excluding the random effects, which
showed that collinearity was not an issue
(maximum VIF: 1.11). The statistical
significance of full models was determined by
comparing their fit with that of the null model
(comprising the control variables and the
random effects) (Forstmeier and Schielzeth,
2011), using a likelihood ratio test (Dobson
and Barnett, 2008). P-values for the individual
effects were based on likelihood ratio tests
comparing the model including and excluding
the effect (Barr et al., 2013). The non-
significant interactions were removed from
the model to reliably interpret the lower level
terms included. Such removal was done only
if the full-null model comparison revealed
significance. P-values < 0.05 were considered
significant.

Table 1: Overview of model parameters present in the models fitted.

Models Responses p Test Control Random Effects
arameters Parameters
SEX * Focal ID
1.1 travel(1)/rest(0) POSITION Fruit. availabillity Day
SEX * Rank Month
SEX * Focal ID
1.2 feed(1)/rest(0) POSITION Fruit. availabillity Day
SEX * Rank Month
SEX * Focal ID
1.3 feed(1)/travel(0) POSITION Fruit. availabillity Day
SEX * Rank Month
Focal ID
. SEX * Rank
2 central(1)/peripheral(0) ACTIVITY Day

Month
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RESULTS

Impact of within group spatial positions,
sex and dominance rank of focal
individuals on the likelihood to feed, rest
and travel

Model 1: The result was that individuals at the
periphery were more likely to travel compared
to individuals in the center, while individuals
in the center were more likely to rest or feed.

The full null model comparison for
model 1.1, testing the likelihood to travel
rather than rest, revealed a significant impact
of position and sex on difference between
traveling and resting (likelihood ratio test
comparing full and null model: ¥2 = 28.29, df
7, P<0.001). None of the two-way
interactions were significant. After removing
the non-significant interaction terms, spatial
position and sex effects were significant.
While all individuals were more likely to be
resting than traveling, individuals in the center
had a much higher likelihood to be resting
than those at the periphery (estimate = 1.02,
s.e. = 0.36, P=0.005; Table 2, Figure 1a).
Moreover, males were more likely to be
traveling than females (estimate = 0.48, s.e. =
0.22, P =0.029; Table 2, Figure 1b). There
was no significant effect of dominance rank
and food availability on the likelihood to
travel rather than rest (Table 2).

The full null model comparison for
model 1.2, investigating the likelihood to feed
rather than to rest, showed a significant
influence of position and sex on difference
between feeding and resting (likelihood ratio
test comparing full and null model: ¥2=21.22,
df=7, P=0.003). The interaction between
spatial position and the sex of the focal
individual revealed a trend (P =0.067; Table 3,
Figure 2a) and the interaction between the
dominance rank and the sex of the focal
individual was significant (P=0.001; Table 3,
Figure 2b). When at the periphery, females
tended to spend more time feeding over
resting than males (Figure 2a). Moreover,
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low-ranking males were more likely to be
seen feeding rather than resting compared to
high-ranking males (Figure 2b). There was no
obvious dominance rank effect in females
with regard to the frequency with which they
feed or rest (Table 3).

The full null model comparison for
model 1.3, targeting the likelihood to feed
rather than to travel, indicated a significant
effect of position and sex on difference
between feeding and traveling (likelihood
ratio test comparing full and null model:
x2=30.26, df=7, P<0.001). None of the two-
way interactions was significant. After
removing the non-significant interaction
terms, spatial position and sex effects were
significant. The results showed that
individuals who were more peripheral were
less likely to be seen feeding than traveling
while individuals that were more central were
more likely to be seen feeding than traveling
(estimate = -1.27, s.e. = 0.29, P<0.001; Table
4, Figure 3a). Both males and females had a
higher likelihood to be feeding than to be
traveling. However, females were more likely
than males to be feeding rather than traveling
(estimate = -0.54, s.e. = 0.22, P=0.003; Table
4, Figure 3b). Nevertheless, there was no
obvious effect of dominance rank and food
availability (Table 4).

To summarize, individuals at the
periphery travelled more than individuals in
the center do, independently of sex. Globally,
male mangabeys travelled more than females
while female individuals spent more time
feeding and resting than males. However,
there were no clear dominance rank
differences among individuals that were seen
feeding, resting or traveling.

Impact of rank, sex and activity on the
likelihood of individuals to be central or not
Model 2: The result reveals that high-ranking
individuals and females were more likely to
be in the center of the group.
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The full null model comparison for
model 2, analyzing who is central or not
central, revealed a significant difference
between full and null model (likelihood ratio
test comparing full and null model: ¥2=24.65,
df=5, P<0.001). The two-way interaction
between sex and dominance rank was not
significant. After removing the non-significant
interaction term, sex and dominance rank
effects were significant. More specifically,
females were more likely to be central than
males (estimate = -0.60, s.e. = 0.27, P=0.026;
Table 5, Figure 4a). In addition, individuals
that were feeding and resting are more likely
to be central than individuals that were
traveling (estimate = 0.77, s.e. = 0.25
P=0.002; Table 5, Figure 4b). Higher-ranking
individuals were more likely to be central than
low-ranking individuals (estimate = 0.47, s.e.
=0.11, P<0.001; Table 5, Figure 4c).

To summarize, high-ranking
individuals and females were more likely to
be central than low-ranking individuals and
males. The impact of activity on centrality
was confirmed with feeding and resting
individuals more likely to be seen in the
center of the group while traveling individuals
were more likely to be observed at the
periphery of the group.

To summarize, high-ranking
individuals were more likely to be central than
low-ranking individuals, independently of sex.
Overall, females were more likely to be
central than males. The impact of activity on
centrality was confirmed with feeding and
resting individuals more likely to be seen in
the center of the group while traveling
individuals were more likely to be observed at
the periphery of the group.

Table 2: Result of final model 1.1: Influence of within group spatial positions and sex of focal
individuals on the likelihood to travel or rest. Estimate and Standard Error from final model after
removing all non-significant higher-order interactions, z-values and p-values result of likelihood
ratio test of the reduced model lacking this term with the final model. Full null model comparison:

¥2 = 28.28, df = 7, P<0.001.

Term Estimate SE z-value p

Intercept -1.33932 0.20435 -6.554 @
Sex: Male @ 0.47888 0.22066 2.170 0.02999
Position: Border ¥ 0.71193 0.21900 3.251 0.00115
Position: Periphery 1.01933 0.36363 2.803 0.00506
Rank © -0.07518 0.13909 -0.540 0.58887

Fruit. Availability © 0.13631 0.17747 0.768 @

Signif. codes: 0 “***0.001 “***0.01 ‘*>0.05 “.”0.1 * 1

(1) = not shown because of having a very limited interpretation

(2) = control predictor
(3) =reference level is Female
(4) = reference level is Position: Central

(5) = z-transformed, mean and standard deviation in Table 6
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Impact of Position on likelihood to travel
1.00 1

0.25 -
0.00 1 : s _
Central Border Periphery
(n = 251) (n=2186) (n = 46)
POSITION

Travel ornot (0 = Rest, 1 =Travel)
(@)

Impact of SEX on likelihood to travel

0.25- 0.39

F M
(n = 324) (n = 189)
SEX

Travel ornot (0 = Rest, 1 =Travel)

(b)

Figure 1: The likelihood of individuals to be traveling or resting depending on the effect of
within-group spatial position (a) and on the sex effect (b) (model 1.1). Shown are the probabilities
to travel (1 denotes a higher number of traveling observations) or to rest (O denotes a higher number
of resting observations).
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Table 3: Result of full model 1.2: Influence of within group spatial positions and sex of focal
individuals on the likelihood to feed or rest. Estimate and Standard Error from full model including
all significant interactions, z-values and p-values result of likelihood ratio test of the reduced model
lacking this term with the final model. Full null model comparison: ¥2=21.22, df=7, P=0.003.

Term Estimate SE z-value p

Intercept 1.506190 0.143709 10.481 @
Sex: Male @ -0.004287  0.236742 -0.018  0.98555
Position: B order 0.108521 0.158334 0.685  0.49310
Position: Periphery ) 0.745999 0.554416 1.346  0.17844
Rank © 0.095967 0.102999 0.932 0.35148

Fruit. Availability © 0.156150 0.108620 1.438 @

Sex: Male: Position: Border 0.337706 0.296224 1.140 0.25427
Sex: Male: Position: Periphery  -1.183444 0.647434 -1.828 0.06756

Sex: Male: Rank -0.462952 0.149670 -3.093 0.00198

Signif. codes: 0 “***70.001 “***0.01 “**0.05 *.”0.1 <’ 1
(1) = not shown because of having a very limited interpretation
(2) = control predictor
(3) =reference level is Female
(4) = reference level is Position: Central
(5) = z-transformed, mean and standard deviation in Table 6

Table 4: Result of final model 1.3: Influence of within group spatial positions and sex of focal
individuals on the likelihood to feed or travel. Estimate and Standard Error from final model after
removing all non-significant higher-order interactions, z-values and p-values result of likelihood
ratio test of the reduced model lacking this term with the final model. Full null model comparison:
¥2=30.26, df=7, P<0.001.

Term Estimate SE z-value p
Intercept 2.894344 0.213189 13.576 @
Sex: Male @ -0.543450 0.183546 -2.961 0.00307
Position: Border -0.532338 0.189982 -2.802 0.00508
Position: Periphery -1.270795 0.297245 -4.275 0.0000191
Rank © -0.054627 0.089611 -0.610 0.54212
Fruit. Availability © 0.000326 0.168869 0.002 @

Signif. codes: 0 “***0.001 “***0.01 “**0.05 0.1 ** 1
(1) = not shown because of having a very limited interpretation
(2) = control predictor
(3) =reference level is Female
(4) =reference level is Position: Central
(5) = z-transformed, mean and standard deviation in Table 6
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Impact of Position and Sex on likelihood to feed

SEX
F o M o
H | | |
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S 0.4+ -
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$ I | T
- Central Border Periphery
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Impact of Sex and Rank on likelihood to feed
SEX
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Rest, 1 = Feed)
=
[sa]
|
[
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I
o 0.4 -
o 02 —
c
o
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f 2 -1 0 1 2
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Figure 2: The likelihood of individuals to be feeding or resting depending on the effect of
interaction of within-group spatial position with sex of individuals (a) and on the effect of
interaction of dominance rank (z-standardized, original mean = 0.59, s.d. = 0.29) with sex of

individuals (b) (model 1.2). High values on the x-axis of figure 2b depict high individual rank. Shown are the
probabilities to feed (1 denotes a higher number of feeding observations) or to rest (O denotes a higher number of resting
observations) as well as the model results (line red for females and line blue for males).
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Impact of Position on likelihood to feed
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Figure 3: The likelihood of individuals to be feeding or traveling depending on the effect of within-

group spatial position (a) and on the sex effect (b) (model 1.3). Shown are the probabilities to feed (1 denotes
a higher number of feeding observations) or to travel (0 denotes a higher number of traveling observations).
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Table 5: Result of final model 2: Influence of activity, sex and rank of focal individuals on the
likelihood to be central or not. Estimate and Standard Error from final model after removing all non-
significant higher-order interactions, z-values and p-values result of likelihood ratio test of the
reduced model lacking this term with the final model. Full null model comparison: ¥2=21.22, df=7,
P=0.003.

Term Estimate SE z-value p
Intercept -0.3134 0.2706 -1.158 @
Rank ¢ 0.4709 0.1082 4.351 0.0000135

Sex: Male @ -0.004287 0.236742 -2.213 0.02688
Activity: Feeding © 0.6301 0.2191 2.876 0.00402
Activity: Resting © 0.7705 0.257 2.998 0.00272

Signif. codes: 0 “***20.001 “***0.01 ‘*>0.05 *.”0.1 <’ 1
(1) = not shown because of having a very limited interpretation
(2) =reference level is Female
(3) =reference level is Activity: Traveling
(4) = z-transformed, mean and standard deviation in Table 6

Table 6: Original means and standard deviations of z-transformed variables for all models (Rank
and Fruit. Availability).

Model Variable Mean SD

1.1 Rank 0.6099 0.2944
Fruit. Availability 643.6941 306.9304

1.2 Rank 0.5862 0.2893
Fruit. Availability 676.9609 288.8448

1.3 Rank 0.5836 0.2872

Fruit. Availability 689.4214 290.01

2 Rank 0.5884 0.2893

Impact of Sex on likelihood to be central

1.uu - <_7 _i‘
0.75 1
<
E 0.50 EEE'
0.25 1 @
0.00 - ‘{1—Ir}‘ é'l_5
F M
(n=3399) (n=1716)
SEX

Central or not (0 = Periphery, 1= Central)

Figure 4a: The likelihood of individuals to be central or not depending on the sex effect (model 2).
Shown are the probabilities to be central (1 denotes a higher number of observations of individuals in the center) or
peripheral (0 denotes a higher number of observations of individuals both in the border and periphery positions).
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Impact of Activity on likelihood to be central
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Figure 4b: The likelihood of individuals to be central or not depending on the activity effect (model

2). Shown are the probabilities to be central (1 denotes a higher number of observations of individuals in the center) or
peripheral (0 denotes a higher number of observations of individuals both in the border and periphery positions).

Impact of Rank on likelihood to be central

0.8 B
0.6

Central or not

0.2

2 -1 0 1 2
Rank

Figure 4c: The likelihood of individuals to be central or not depending on the rank effect (z-

standardized, original mean = 0.59, s.d. = 0.29; model 2). High values on the x-axis depict high individual
rank. Individuals showed a significant positive effect with increasing rank. Shown are the probabilities to be central (1
denotes a higher number of observations of individuals in the center) or peripheral (0 denotes a higher number of
observations of individuals both in the border and periphery positions) as well as the model results (line).
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DISCUSSION

This study aimed at investigating the
impact of within group spatial positions on
activity budgets in male and female sooty
mangabeys, testing for dominance rank and
controlling for food availability. The results
showed that individuals travelled more when
they were at the periphery, while they rested
and fed more when they were central. This
was independent of their dominance rank.
Thus, there was a cost attached to being
peripheral: individuals have to spend more
time traveling and being vigilant, while in the
center they can spend more time feeding or
resting. At the same time, high-ranking
individuals were more likely to be central.
Thus, high dominance rank comes with clear
benefits in sooty mangabeys: spending more
time in a central position, individuals can
focus on feeding and resting, while
individuals that spend more time at the
periphery have to spend more energy moving
and looking out for predators. Females formed
the core of the community, while males were
more likely to be found at the periphery and
traveling. These results indicate that females
and high-ranking individuals benefit from
their social status by adopting spatial positions
in the community that impact their fitness
positively.

Variation in individuals’
associated to within-group spatial positions
adopted by individuals in other primates (Di
Bitetti and Janson, 2001; Hirsch, 2007;
Morrell and Romey, 2008). Central
individuals can dedicate more time to foraging
than to vigilance, benefiting from conspecific
vigilance and the dilution effects (Hirsch,
2007). This leads to increase the feeding rates
of central individuals and likelihood to be
observed feeding. Several studies have
previously reported that central individuals
have higher feeding rates in comparison with
peripheral ones (Di Bitetti and Janson, 2001;
Hirsch, 2007). Our results corroborated this
assumption by showing that individuals spent

fitness is
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more time feeding when they were more
central. Nevertheless, intragroup feeding
competition is high in the center of the group
(Hirsch, 2007) and can influence individual
foraging behaviors, with central individuals
that may have lower feeding rates compared
to peripheral individuals. We did not find
evidence for this prediction, as central
mangabeys fed more than peripheral ones.
Our results reinforce the theory of foraging
benefits for central individuals.

Decision making about the time spent
in different activities (Korstjens et al., 2010)
and the optimal spatial position to perform
these activities are very important for the
survival of diurnal primates. Female and male
primates are expected to adjust their activity-
time budgets according to their differing
fitness priorities. Feeding is the most
important activity for females on which they
based their behavioral strategy. Females need
to manage their energy efficiently, since their
reproductive  processes are energetically
demanding. To face reproductive challenges,
females must feed sufficiently (McCabe and
Fedigan, 2007), but also get enough rest. We
found that females, in comparison to males,
spent more time at the center of the group, a
safe spatial position (Range and Nog, 2002)
where they can devote more time resting and
particularly feeding, the most risky activity
(Miller, 2002). By resting, individuals take
time for recuperation, predator avoidance,
digestion and thermoregulation. Resting time
is an important component of animal behavior
(Korstjens et al., 2010) that must attract more
attention investigating in time-budgeting
features. Our results showed that female
mangabeys, compared to males, fed and rested
more, but travelled less.

Feeding and resting are supposed to
occur more at the center of the group, where,
considering the high level of competition
(Hirsch, 2007), sex and dominance rank
effects are predictable. Even at the periphery,
females, relative to males, are more likely to
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be seen feeding rather than resting. We did not
find evidence of dominance rank effect in
females with regard to the frequency with
which females fed or rested, after the spatial
position was accounted for. In males, in

contrast, we found that low-ranking
individuals fed more rather than rested
compared to high-ranking individuals.

Subordinates are able to increase substantially
their food intake rates by concentrating on the
less desirable food spots where little
aggression occurred (Murray et al., 2006),
otherwise they can be interrupted at any time
when they are feeding, even in males, by
aggression received or displacements from
high-ranking individuals (Di Bitetti and
Janson, 2001). They do not get access to high-
quality resources and thus they need to take
advantage of any feeding opportunities.
Therefore, they are more likely to be observed
feeding. Dominant individuals have higher
feeding success compared to subordinate
individuals (Range and Nog, 2002). They feed
efficiently at each feeding bouts and thus do
not necessarily need to spend long time
feeding. Moreover, high-ranking individuals
benefit of grooming sessions from different
group members (Mielke et al., 2018) during
which they would be considered to resting.
This explains why they spent more time
resting compared to low-ranking individuals,
and might also explain some of the differences
we see between the sexes.

To explore additional explanation, it is
important to distinguish between high-ranking
and low ranking individuals who are more
likely to be central. Our results showed that
low-ranking individuals are more likely to be
peripheral than high-ranking individuals who
are more central, corroborating Heesen et al.
(2015) results in macaques. Murray et al.
(2006) suggested that individual spatial
position preferences would change based on
the lowest costs relative to benefits of spatial
positions within the group. Using their
dominance rank by defending aggressively the
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central positions, dominant individuals can
exclude subordinates from these preferred
positions and occupy them according to
advantages of being at the center (Di Bitetti
and Janson, 2001). There is a benefit to being
high-ranking individuals. Subordinates, in
contrast, were forced to spend more time at
the periphery, with higher predation risks.
Subordinates adapt their spatial positions
according to the spatial distribution of
dominants’ aggressiveness (Murray et al.,
2006).

Conclusion

Females and high-ranking mangabeys
of both sexes spent more time at the safe
spatial position in center of the group, and
overall, spent more time feeding and resting.
Males and low-ranking individuals of both
sexes, in contrast, spent more time at the
peripheral positions, where they also had to
invest more in traveling. As we found
differences between the times spent feeding,
resting or traveling, females and higher-
ranking individuals of both sexes benefit from
their positions. High-ranking individuals of
both sexes and females had a benefit over
low-ranking individuals of both sexes and
males, as they spent more time in central
position, thus feed and rest safely. Possible
reasons for the sex differences mirrored by the
links between spatial positions, dominance
rank and activity budgets are discussed to
improve knowledge in social dynamics within
wild primate groups.
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