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ABSTRACT

The fear of being eaten can manifest as anxiety in prey species. In captive primates, anxiety-related behaviours (such as scratch-
ing and self-grooming) typically increase when exposed to a predator model. Despite this, it remains largely unknown whether
the perception of predation risk can evoke anxiety, particularly in wild primates. We collected focal observations from adult
females from two habituated groups of wild samango monkeys over 12 months to explore whether scratching increased in areas
associated with higher perceived predation risk. To validate scratching as an anxiety-related behaviour, we compared the rates
of scratching following an alarm call to a control period. We found scratching occurred significantly more often after an eagle
alarm call relative to baseline levels, indicating this may be a reliable anxiety-related behaviour. We then used a generalised lin-
ear mixed model to predict the rate of scratching as a function of perceived predation risk and factors potentially associated with
risk. Scratching increased in the summer months and towards the end of the day, but was not influenced by perceived predation
risk. Our findings suggest that samangos may adopt other behavioural strategies to mitigate anxiety in ‘high-risk’ areas, and
that anxiety may be reactive, rather than pre-emptive, in response to predation risk. We propose that scratching may be a useful
indicator of reactive anxiety in wild primates and can help to improve knowledge on the environmental factors that induce acute
stress in wild populations.

1 | Introduction

Fear is an adaptive emotional response that serves to modify an
individual's behaviour in order to avoid potentially dangerous
situations (Nelson et al. 2003). Fear can manifest as anxiety,
the apprehension over anticipation of potentially threatening
stimuli, which is critical to an individual's survival (Coleman
and Pierre 2014). Whilst anxiety serves as a short-term coping
mechanism, prolonged anxiety can lead to chronic stress, which
can negatively impact the reproductive success and survival of
individuals (Wingfield and Romero 2000; Cox et al. 2010; Crespi

et al. 2013). In wild animals, predators are the most significant
stimuli invoking anxiety in prey species (Brown 1999), due to
the direct, lethal effects of predation. However, the indirect,
non-consumptive effects may be just as significant owing to
the influence on individual physiology, population dynamics,
and community interactions (Lima 1998; Brown et al. 1999;
Laundre et al. 2010; Peers et al. 2018; Wirsing et al. 2021; Parker
et al. 2022). As such, even in the immediate absence of pred-
ators, prey should maintain a baseline level of anxiety due to
the constant possibility of predation (Brown 1999). Yet, preda-
tion risk varies across both space and time, such as between
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safe versus risky habitats or depending on the time of day
(Brown 1992, 1999; Brown and Kotler 2004), and so anxiety lev-
els are expected to reflect this variation in risk. Understanding
the spatiotemporal variation in anxiety, particularly in the direct
absence of predators, can therefore provide important informa-
tion on the ecological factors that induce anxiety.

Predator-induced anxiety has been extensively explored using
predator models in numerous species (Apfelbach et al. 2005), in-
cluding rodents (Berton et al. 1998; Belzung and Griebel 2001),
zebrafish (Blaser et al. 2010; Maximino et al. 2010), and non-
human primates (Barros et al. 2000). In primates, including
humans, long-term anxiety or stress is typically assessed using
faecal glucocorticoids (Rangel-Negrin et al. 2009; Foerster and
Monfort 2010; Crespi et al. 2013; LaBarge et al. 2022). Yet, ele-
vated levels of glucocorticoids do not necessarily mean an in-
dividual is anxious or stressed (Beehner and Bergman 2017).
Consequently, behavioural indicators of anxiety may be more
informative indicators of short-term, transient anxiety, and
are more easily observed in natural environments (Lutz and
Baker 2023). Displacement behaviours such as self-scratching
(hereafter, scratching), self-grooming, body-shaking, and yawn-
ing (Maestripieri et al. 1992; Lutz and Baker 2023), typically
referred to as self-directed behaviours (SDBs), have long been
recognised and validated as manifestations of anxiety in non-
human primates (hereafter, primates) (Baker and Aureli 1997;
Kutsukake 2003; Maréchal et al. 2011; Polizzi di Sorrentino
et al. 2012; Sclafani et al. 2012; Dell’Anna et al. 2022; Lutz and
Baker 2023). Scratching, in particular, was shown to be the most
reliable indicator of anxiety in captive chimpanzees (Baker and
Aureli 1997) compared to other SDBs. Whilst prolonged anxiety
can be detrimental to an individual in terms of psychological
stress (Maestripieri et al. 1992), it can also be beneficial in the
short term by eliciting the appropriate anti-predator response,
such as increasing vigilance, increasing group cohesion, or evok-
ing predator-specific alarm calls (Stevenson and Poole 1976),
thereby reducing the risk of predation (Lima and Dill 1990;
McNamara and Houston 1992; Brown 1999).

Despite some studies citing vigilance as a measure of anxiety
(Barros et al. 2000; Coleman and Pierre 2014), vigilant individ-
uals are not necessarily anxious. Studies administering drugs to
captive primates have demonstrated the ambiguity of vigilance
as an anxiety-related behaviour. For example, anxiolytics such
as lorazepam have been shown to reduce SDBs, such as scratch-
ing, in captive cynomolgus macaques (Macaca fascicularis),
whereas anxiogenic compounds increase these behaviours
(Schino et al. 1996). In contrast, whilst some anxiogenics have
been shown to increase vigilance (Palit et al. 1998), anxiolyt-
ics appear to have mixed or negative effects (Schino et al. 1991,
1996; Barros and Tomaz 2002; Barros et al. 2007), suggesting
vigilance may represent more general states of arousal (Allan
and Hill 2018), Therefore, vigilance alone may not be a reliable
indicator of anxiety, and SDBs may be more useful in the context
of perceived predation risk.

The majority of work exploring predator-induced anxiety in pri-
mates has thus far focused on captive individuals using pred-
ator confrontation tests (Barros et al. 2000, 2004; Barros and
Tomaz 2002). These tests presented a taxidermied predator to
the study subject in a randomly encountered manner, recording

the response of the subject on each occasion (Barros et al. 2000).
Responses in marmosets typically involved an increase in alarm
calls, vigilance, and SDBs, including self-grooming and scratch-
ing (Barros et al. 2004), although some responses stopped fol-
lowing habituation to the stimulus. Whilst studies on wild
primates are lacking, wild-reared rhesus macaques showed
higher levels of anxiety, indicated by behavioural disturbance,
when exposed to a snake compared to their laboratory-reared
counterparts (Mineka et al. 1980). However, in both sets of stud-
ies, habituation to the stimuli showed marked individual differ-
ences, demonstrating the importance of considering individual
variation in anxiety (Mineka et al. 1980; Nelson et al. 2003;
Barros et al. 2004).

Prey species are known to adopt a variety of anti-predator be-
haviours depending on perceived predation risk (Lima and
Dill 1990). For example, individuals may avoid areas they
perceive to be higher risk (Suhonen 1993; Cowlishaw 1997;
Laundré et al. 2001; Heithaus and Dill 2002; Acebes et al. 2013;
Coleman and Hill 2014b), alter movement or activity patterns
(Fortin et al. 2005; Creel et al. 2008; Valeix et al. 2009; Willems
and Hill 2009; Palmer et al. 2017), increase their vigilance
(Brown 1999; Campos and Fedigan 2014), or increase the num-
ber of nearby individuals (McNamara and Houston 1992; Parker
et al. 2022) when accessing high risk areas. Spatial variation in
habitat structure also plays an important role in a prey's perceived
risk (Cowlishaw 1998; Valeix et al. 2009), as visibility affects the
ease of escape of prey species (Lima 1992), whilst aiding pred-
ators through camouflage and ambush opportunities (Hopcraft
et al. 2005). For arboreal species, height above ground is particu-
larly important, given that areas closer to the ground are viewed
as ‘riskier’ (Emerson et al. 2011; Campos and Fedigan 2014;
Nowak et al. 2014). Similarly, more open, non-forested areas are
inherently ‘riskier’, due to the increased likelihood of encoun-
tering multiple predator guilds, and also increasing the potential
for conflict with humans (Nowak et al. 2017; Parker et al. 2022).

Perceived predation risk also varies temporally, resulting from
variation in predator/prey activity patterns (Suraci et al. 2022).
Prey species may therefore seek to adopt behaviours that mini-
mise risk at certain times of the day and, on a larger scale, across
seasons (Suraci et al. 2022). Whilst diel risk may vary depending
on the species and habitat in question, sleep site selection has
consistently been linked with perceived predation risk in pri-
mates (Anderson 1998; Reichard 1998; Day and Elwood 1999;
Ramakrishnan and Coss 2001; Fan and Jiang 2008; Albert
et al. 2011; Cheyne et al. 2013; Bidner et al. 2018). Anxiety levels
may therefore increase when approaching sleep sites owing to
the uncertainty over whether sites remain safe on a given day.

Other potential anxiety-inducing factors include grouping
behaviour, which has consistently been cited as an antipreda-
tor behaviour in many species (da Silva and Terhune 1988;
Fitzgibbon 1990; Magurran 1990; Fortin et al. 2009; Makin
et al. 2017; Iranzo et al. 2018), including primates (Hill and
Dunbar 1998; Castles et al. 1999; Schmitt and Di Fiore 2015;
LaBarge et al. 2020; Dell'Anna et al. 2022; Parker et al. 2022).
Thus, more isolated individuals with fewer nearby neighbours
may experience increased anxiety (Tkaczynski et al. 2014;
Dell'Anna et al. 2022). Furthermore, social stressors, such as
competition during mating season (Sclafani et al. 2012), agonistic
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interactions (Aureli 1997; Castles Duncan and Whiten 1998), the
proximity of higher-ranking conspecifics (Castles et al. 1999),
and intergroup encounters (Brooks et al. 2021), may also in-
crease the display of SDBs.

Here, we explored how ‘risk’ perceived by the study species in-
fluences scratching rate, an anxiety-related behaviour, in the
arboreal samango monkey (Cercopithecus albogularis schwarzi),
living in a highly fragmented, highly seasonal, and multi-
predator environment (Parker et al. 2020). Predators of the sa-
mango monkey include: eagles (African crowned; Stephanoaetus
coronatus, and Verreaux's; Aquila verreauxii), leopard (Panthera
pardus), and African rock python (Python sebae). The impact of
predation from eagles, in particular, has been shown to be the
key driver of samango monkey ranging patterns (Coleman and
Hill 2014b), as well as influencing spatial variation in behaviour
(Parker et al. 2022). As a result, samangos are expected to dis-
play anxiety-related responses to living in this environment.

To validate scratching as an anxiety-related behaviour, we
predicted that the rate of self-scratching would increase
immediately following a predator encounter, indicated by
predator-specific alarm calls (Fuller 2013), relative to a control
period. We predicted that areas of high perceived risk from eagle
predation would be associated with an increase in scratching,
which may indicate an increase in anxiety associated with these
high-risk areas. Similarly, we also predicted that scratching
would increase as individual height above ground decreased,
in more open and non-forested areas, and during periods of
low light levels, other factors associated with risk in arboreal
primates (Cowlishaw 1998; Hill and Weingrill 2007; Emerson
et al. 2011; Cheyne et al. 2013; Campos and Fedigan 2014;
Nowak et al. 2014, 2017; Bidner et al. 2018; Parker et al. 2022).
Finally, we also assumed monkeys would scratch more in areas
of increased intergroup encounter risk, during the hotter, wet-
ter summer months, and in individuals toward the periphery of
the group. Individuals should scratch more in areas of increased
intergroup encounter, risk due to potential conflict over food re-
sources, territory, and/or mate defence (Lawes and Henzi 1995),
and should also increase scratching when becoming increas-
ingly isolated from the group, due to the increased perceived risk
associated with increasingly isolated individuals (Tkaczynski
et al. 2014; Dell'Anna et al. 2022). Individuals should also
scratch more in the warmer, wetter summer months due to the
increased need for pelage care and increased ectoparasite load
(Ventura et al. 2005).

2 | Methods
2.1 | Study Species and Field Site

The samango monkey is an arboreal, diurnal guenon that inhab-
its the tall-canopy, evergreen indigenous forests of South Africa
(Linden et al. 2016; Wimberger et al. 2017; Parker et al. 2020,
2021, 2022). They live in groups averaging around 40 individuals
(Lawes et al. 2013; Coleman and Hill 2014a), and comprising a
single adult male, multiple adult females, as well as sub-adults
and juveniles (Henzi and Lawes 1987). The breeding season typ-
ically occurs between May and July when other, non-resident
adult males may temporarily form part of the group. Whilst

their diet mainly comprises fruits (Lawes et al. 2013; Linden
et al. 2016; Nowak et al. 2017; Wimberger et al. 2017; Parker
et al. 2020), samangos show considerable dietary flexibility
due to living in a highly fragmented and seasonal environment
(Nowak et al. 2017; Wimberger et al. 2017; Coleman et al. 2021).

Fieldwork was conducted at the Primate and Predator Project,
Lajuma Research Centre (23°02'23" S, 29°26'05” E), in the west-
ern Soutpansberg Mountains of South Africa. The mountain
range experiences warm, wet summers from October to March,
and cool, dry winters from April to September. This gives rise
to significant diversity in vegetation types (Mostert 2006), in-
cluding the indigenous mistbelt forest (Mostert 2006; Mucina
and Rutherford 2006), which is highly fragmented by montane
grasslands, shorter secondary forests (Hahn 2006), residential
properties, farmlands, and commercial plantations.

2.2 | Data Collection

We followed two well-habituated groups of samango monkeys
(‘Barn’, 30-40 individuals, and ‘House’, 60-70 individuals) be-
tween August 2016 and August 2017. Five-minute focal samples
(Altmann 1974) were collected using the ‘Prim8’ app (McDonald
and Johnson 2014) on a mobile smartphone (Samsung Galaxy
S5). Focals were collected on identifiable adult females (through
ear tags and/or distinguishing features; ‘Barn’, n=3; ‘House’,
n=18) to remove potential age and sex biases in anxiety (Rangel-
Negrin et al. 2009). Groups were followed from morning to eve-
ning sleep site (range: 06:00-18:00), with a minimum of 15min
between new focal samples on different, randomly selected
individuals. The same individual was not sampled more than
twice per day, and only once in the morning and afternoon ses-
sions respectively. Only focal samples lasting the full 5min were
used in analysis, resulting in a total of 249 focal samples over
the study period (range 1-22 per individual, n individuals: 21,
n days: 25). Information collected during each focal sample in-
cluded the date, time, individual ID, group ID, individual height
(recorded in m continuously and averaged over the five-minute
sample), the number of conspecific individuals within 5m (con-
tinuous counts averaged across the five-minute sample), and the
number of self-scratching events (quick, repetitive movements
of the hand or foot through fur; Barros et al. 2000). Scratching
was recorded as separate bouts when separated by a period of 55
or more (Castles et al. 1999). We also recorded the individual's
location for each focal sample using a handheld GPS (Garmin
GPSmap 645).

To determine perceived predation risk across the home range,
we followed the approach of Coleman and Hill (2014b) and
Parker et al. (2022). Both the acoustically distinct alarm calls
of adult male samango monkeys and, to a lesser extent, group-
wide alarm calls, have been attributed to specific predator
guilds (Fuller 2013). In particular, the adult male ka and katrain
calls are associated with raptors (Fuller 2013), whilst group-
wide alarm calls are commonly associated with antipredator
behaviour linked to raptors, such as jumping down from the
canopy, looking up, and scanning the sky (Fuller 2013). The
location of all ka, katrain, and group-wide alarm calls was re-
corded between August 2016 and August 2017, resulting in a
total of 356 alarm calls across both groups for the study period.
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Eighty-three of these calls were directly associated with a pred-
ator (eagle: 74, snake: 9), whilst a further 129 calls were associ-
ated with antipredator behaviour from raptors, meaning 60% of
alarm calls were directly linked to raptors. We used all alarm
calls to create the landscapes of fear, giving an overall spatial
map of perceived risk. We also used these alarm calls to validate
scratching as an anxiety-related behaviour in this species.

To determine intergroup encounter risk, the time, location, and
details of all encounters were recorded on an all-occurrence
basis. Intergroup encounters were defined as the study group
being within visual range of another group, regardless of whether
encounters became antagonistic (Coleman and Hill 2014b).
There were 104 intergroup encounters recorded across the study
period.

We downloaded EVI (Enhanced Vegetation Index) compos-
ites from Google Earth Engine (https://earthengine.google.
com) from the Landsat 8 databases for the entire western
Soutpansberg Mountains at a resolution of 30 m?, for each month
across the study period (August 2016-August 2017). EVI (Huete
et al. 2002) is a remotely sensed measure of plant productivity
(Paruelo et al. 1997) and has frequently been used as a proxy
for food availability, particularly in species that consume large
proportions of leaves (Leimgruber et al. 2001; Ito et al. 2006;
Willems et al. 2009).

2.3 | Data Processing

All data were imported into QGIS 3.0 (QGIS Development
Team 2018). To create annual landscape of fear maps for
each group, we followed the approach of Parker et al. (2022).
Similarly, we used the same approach to create annual maps of
group encounter risk, albeit using GPS locations of encounters
as opposed to alarm call locations. Monthly EVI composites
were selected where cloud cover did not obscure the study area
by >30%, and EVI values for each focal sample location were
calculated using the “zonal statistics” plugin in QGIS.

The start time of each focal sample was grouped into one of four
categories: early morning (06:00-08:59), late morning (09:00-
11:59), early afternoon (12:00-14:59), and late afternoon (15:00-
18:00). Grouping time in this way allowed for clearer observation
of the effect of time of day on scratching rate. We also grouped
focal observations into seasons based on when individuals were
sampled (summer, October-March; winter, April-September).

2.4 | Statistical Analysis

We used the ‘dplyr’ package (Wickham et al. 2017) in R 3.5 (R
Core Team 2018) to calculate scratching as a rate per focal sam-
ple (frequency per 5min), as well as the mean number of near
neighbours within 5m for each focal.

To validate scratching as an anxiety-related behaviour, we com-
pared the scratching rate within 10min of an eagle alarm call
to the scratching rate from focals up to 1h before the recorded
alarm. Rate of scratching before and after an alarm was com-
pared within the same individual (n=10) using a paired t-test

with the t.test function in R. We used a generalised linear mixed
model with a negative binomial error structure to predict the
rate of scratching as a function of the landscape of fear, inter-
group encounter risk, EVI, season, focal individual height, the
number of nearby individuals from the focal individual, and
time (with early morning as the reference category). We con-
trolled for individual differences in anxiety by including indi-
vidual ID as a random effect, in addition to day to control for
particular events which may occur on a specific day. Group was
included as an additional fixed effect to control for any effects of
group size, as well as sampling effort between the two groups.
Focal samples where alarm calls occurred during sampling,
or in the 30min prior to sampling, were excluded from analy-
sis (n=4). Models were fitted in R using the glmmTMB func-
tion in the ‘glmmTMB’ package (Brooks et al. 2017). We used
Akaike's Information Criterion (Burnham and Anderson 2004)
to infer goodness-of-fit between our model and a null, intercept-
only model. We ran GLMs excluding the random effects and
used the VIF (Variance Inflation Factor) function from the ‘car’
package to investigate collinearity between our predictors. We
found no evidence of collinearity with all values below 2.0 (Hair
et al. 2014). We also found no evidence of spatial autocorrelation
after running a Moran's I test on the model residuals, using the
‘spdep’ package (Bivand and Wong 2018).

3 | Results

Rate of scratching significantly increased in the 10min after
an eagle alarm call relative to the control period (¢(9)=-4.30,
p=0.002, Figure 1). Anxiety was defined as scratching in the
subsequent analyses.

*x

Rate of scratching (per focal)

Before After

Predator specific alarm call

FIGURE 1 | Rate of scratching (average frequency per five-minute
focal observation) up to 1h before and up to 10 min after an adult male
predator-specific alarm call, in 10 identified adult female samango
monkeys at Lajuma Research Centre, Soutpansberg Mountains, South
Africa.
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Contrary to our predictions, perceived predation risk, indicated
by the landscape of fear, did not influence the rate of scratching
(Table 1). Similarly, EVI, intergroup encounter risk, individual
height, and number of nearest neighbours also had no influence
on scratching. We found that the rate of scratching significantly
decreased in the winter months, but increased in the late after-
noon compared to early morning. The full model, including all
predictor variables, performed better than a null, intercept-only
model when comparing AIC values (AIC: 799.5 and 835.0, re-
spectively), suggesting that the variation in the rate of scratching
was better explained by behavioural and environmental pre-
dictors of anxiety, compared to individual and monthly differ-
ences alone.

4 | Discussion

In wild animals, the fear of being eaten can evoke anxiety in
prey species (Brown 1999). Despite predator-induced anxiety
having been explored extensively in a wide range of species
(Hendrie et al. 1996; Barros et al. 2000; Apfelbach et al. 2005;
Blaser et al. 2010), studies on primates (Barros and Tomaz 2002),
particularly in the wild, are lacking (Mineka et al. 1980). We ex-
plored how perceived predation risk and measures of habitat
structure associated with risk influenced anxiety-related be-
haviour in wild samango monkeys. We found that scratching, a
self-directed behaviour commonly linked to anxiety in primates
(Baker and Aureli 1997), significantly increased immediately
following alarm calls in response to perceived predation risk
from eagles. Nevertheless, spatial perception of risk, indicated
by the landscape of fear, did not influence the rate of scratching.
Instead, scratching increased during the warm summer months
and in the late afternoon.

Self-directed behaviours, such as scratching, have long been
linked with anxiety in captive primates (Baker and Aureli 1997;
Barros et al. 2007, 2008). Here, we show that anxiety following

the perceived presence of a predator also manifests as scratching
in wild samango monkeys. This increase in scratching imme-
diately following an alarm call is unsurprising given the direct
costs of mortality from successful predation (Barros et al. 2000,
2004). Anxiety in this case should be beneficial to an individu-
al's survival as it elicits the appropriate antipredator response,
such as increasing vigilance and group density, or seeking ref-
uge (Brown et al. 1999).

Interestingly, anxiety-related behaviours did not increase in
areas of high perceived predation risk (indicated by the land-
scape of fear). However, individuals may pre-emptively mini-
mise risk (and subsequently anxiety) by adopting antipredator
strategies when entering ‘riskier’ areas. Parker et al. (2022)
found that groups became more cohesive, reducing distances
between conspecifics, when entering areas perceived as ‘high-
risk’ in the same groups of samango monkeys, whilst LaBarge
et al. (2020) further found that this response was pre-emptive. A
more cohesive group may seek to confuse predators (Krause and
Ruxton 2002; Scott-Samuel et al. 2015), and/or share the vigi-
lance load between individuals (McNamara and Houston 1992),
thereby minimising risk. Consequently, these behaviours
may help to minimise the anxiety associated with ‘high-risk’
areas. Alternatively, anxiety levels in these areas may simply
be lowered by the presence of human observers acting as a de-
terrent towards predators (Emerson et al. 2011; Campos and
Fedigan 2014; Nowak et al. 2017; LaBarge et al. 2022). However,
the ‘shield’ effect of human observers may be less pronounced in
areas of reduced vegetation (where ease of escape is more diffi-
cult, regardless of human presence) or when locating sleep sites
during low light levels (Cheyne et al. 2013; Bidner et al. 2018).
Despite the absence of an effect of perceived predation risk here,
the use of vocalisations as an indicator of spatial behaviour is
still valuable (Netoskie et al. 2023).

Anxiety in samango monkeys varied temporally, with an in-
crease in scratching rate observed in the late afternoon. This

TABLE1 | Coefficient estimates and key statistics of GLMM expressing scratching as a function of landscape of fear, Enhanced Vegetation Index
(EVI), season, intergroup encounter risk, individual height, number of nearest neighbors, and time of day.

Coefficient B SE z CI, ver CLpper Sig

Intercept 0.019 0.354 1 —0.675 0.713 )

Landscape of fear 0.043 0.079 0.549 —0.111 0.198 0.583
EVI —0.084 0.077 —1.098 -0.234 0.066 0.272
Season (winter) —0.416 0.171 —2.435 —0.751 —0.081 0.015
Intergroup encounter risk 0.108 0.081 1.323 —0.052 0.267 0.186
Individual height 0.064 0.075 0.857 —0.083 0.211 0.391
Nearest neighbours 0.106 0.083 1.274 —0.057 0.269 0.203
Time (late morning) 0.082 0.199 0.415 —0.307 0.472 0.678
Time (early afternoon) 0.166 0.203 0.822 -0.231 0.564 0.411
Time (late afternoon) 0.600 0.280 2.141 0.051 1.149 0.032
Group (House) 0.483 0.339 1.426 —0.181 1.147 0.154

Note: Nearest neighbours, number of nearby individuals within 5m of focal subject. (1) not shown because of having no meaningful interpretation.

Abbreviation: EVI, Enhanced Vegetation Index.
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period, particularly the latter part of this period, is consistent
with the animals assessing their sleep site locations. Minimising
predation risk has long been recognised as a factor influencing
sleep site selection in primates (Anderson 1998; Reichard 1998;
Day and Elwood 1999; Ramakrishnan and Coss 2001; Fan
and Jiang 2008; Albert et al. 2011; Cheyne et al. 2013; Bidner
et al. 2018), with arboreal species often preferring the tallest
trees in the home range as sleep site locations (Chapman 1990;
Barrett and Lowen 1998; Coleman 2013) due to the protec-
tion afforded from multiple predator guilds. However, sleep
sites that are consistently used can still vary in predation risk
owing to the spatial and temporal activity patterns of preda-
tors. Consequently, choosing the safest sleep site on a given day
is likely to be anxiety-inducing. Yet, studies exploring this ex-
plicitly appear to be lacking. There are, however, examples of
primates being exposed to an increased risk of predation when
moving towards sleep sites (Reichard 1998; Bidner et al. 2018).
Individuals often appear to adopt behaviours that seek to mini-
mise predation risk during this time, such as moving quickly to-
wards sleeping trees (Day and Elwood 1999; Fan and Jiang 2008;
Zhou et al. 2009), adopting low-key, inconspicuous behaviours
(Reichard 1998; Day and Elwood 1999; Xiang et al. 2010), and
increasing vigilance (Reichard 1998; Zhou et al. 2009; Dayong
et al. 2011). A heightened state of anxiety may further prepare
individuals for adopting an antipredator response should a pred-
ator be encountered, whilst also reflecting the increased risk of
locating sleep sites in low light levels when various predators
are most active and more difficult to detect (Cheyne et al. 2013;
Bidner et al. 2018).

Anxiety was also predicted by season, with self-directed
scratching occurring more often in the hot, wet summer months
compared to the cool, dry winters. The summer months at
Lajuma are associated with an increase in fruit availability
(Coleman 2013), and so it may be reasonable to expect an in-
crease in anxiety during this period due to increased intra- and
inter-group aggression. However, samangos show very little
within-group aggression, particularly over resources (Payne
et al. 2003), and we similarly found no influence of intergroup
encounter risk on anxiety here, thus suggesting fruit availabil-
ity is unlikely to influence anxiety in samangos. A more likely
explanation may therefore be the influence of weather and other
associated factors, which correlate with season. In Japanese ma-
caques, self-scratching was positively correlated with ambient
temperature and relative humidity (Ventura et al. 2005). In this
instance, scratching likely does not indicate anxiety but rather
serves as a hygienic function, with the increased need for pelage
care possibly associated with variations in piloerection, sweat-
ing, and ectoparasite load (Ventura et al. 2005). Such exam-
ples further evidence the multi-faceted nature of self-directed
behaviours and scratching, in particular, may serve as both a
mediator of anxiety and to maintain pelage care. It is import-
ant to note that another correlate of anxiety is mating (Sclafani
et al. 2012). However, we can rule out any relationship with mat-
ing here as the samango monkey breeding season in this subspe-
cies is during the cool, dry winter months when scratching was
observed to be lowest.

As forest specialists, samango monkeys are largely restricted
to areas of tall-canopy indigenous forests (Linden et al. 2016;
Wimberger et al. 2017; Parker et al. 2020, 2021). Despite this,

movement into areas of reduced vegetation cover (indicated by
the EVI) did not appear to evoke anxiety. However, samangos
have frequently been shown to utilise matrix habitat (Nowak
et al. 2017, Wimberger et al. 2017; Parker et al. 2021), and move
between forest patches to access specific food resources (Beeson
etal. 1996; Coleman and Hill 2014a; Parker et al. 2020). Although
inherently riskier for arboreal species, this behavioural flexibil-
ity may explain why more open areas with reduced vegetation
do not evoke anxiety in this species.

One of the most common stressors in primates is that of fellow
group members (Cowlishaw 1997; Hill and Weingrill 2007).
Both conflicts between (Dunbar 1988), and the dominance rank
(Castles Duncan and Whiten 1998; Castles et al. 1999), of nearby
individuals can increase anxiety in the focal individual. In ad-
dition, individuals at the periphery of a group may experience
more anxiety due to the increased perceived risk of being more
isolated (Tkaczynski et al. 2014; Dell'’Anna et al. 2022). Whilst
we found no effect of the number of nearby individuals on anx-
iety, the low level of aggression in this species likely serves to
reduce anxiety resulting from conspecifics (Lawes 1990; Payne
et al. 2003).

More generally, our findings reveal the importance of abiotic
factors in influencing anxiety in this species. Both time of day
(which could be linked to light levels and temperature), and sea-
son (temperature, precipitation and humidity), were the most
significant predictors of anxiety in wild samango monkeys.
Environmental stress has long been studied in many species, in-
cluding primates (Kamilar and Beaudrot 2025), yet its impacts
on pre-emptive anxiety are less well-known. This represents
an exciting area for future research, particularly in wild pop-
ulations, and has implications for behavioural ecology and, on
a larger scale, population dynamics, distribution, and evolution
(Kamilar and Beaudrot 2025).

Due to the difficulties in identifying and collecting data on ar-
boreal primates in dense forests, particularly guenons (McGraw
et al. 2007), we acknowledge certain limitations of our study.
Firstly, the findings of our study are based on data collected only
on adult females. Whilst this removes any bias relating to age-
sex class and should be representative of a female-dominated
species (Henzi and Lawes 1987), our findings may not reflect
the anxiety responses of other species with different social struc-
tures. Furthermore, the validation of scratching as an indicator
of anxiety is based on data from only 10 adult females. Similarly,
caution should be taken when applying SDBs as an indicator of
anxiety more generally, and future research should validate our
findings further in the context of wild populations. Finally, it is
widely acknowledged that the presence of human observers can
influence the risk perception of study individuals owing to the
“shield” effect (Nowak et al. 2014; LaBarge et al. 2022). Whilst
it was beyond the logistical feasibility of our study here, future
studies may use remote video monitoring or habituation con-
trols to help mitigate observer-induced alterations in behaviour.

In conclusion, we show that anxiety in response to perceived
predation risk appears to be reactive rather than pre-emptive in
samango monkeys. Scratching rate (a self-directed behaviour)
significantly increased immediately following a predator-
specific alarm call, thus further validating this behaviour as a
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proxy for anxiety. We also found that anxiety increased during
the summer months and in the late afternoon. We suggest that
scratching can be a useful indicator of anxiety in wild primates
and can help to improve knowledge of the environmental factors
that induce stress in wild populations.

Author Contributions

Edwin J. Parker: conceptualization (equal), data curation (lead),
formal analysis (lead), investigation (lead), methodology (equal), vi-
sualization (equal), writing — original draft (lead). Russell A. Hill:
conceptualization (equal), formal analysis (equal), funding acquisition
(equal), methodology (equal), project administration (equal), resources
(equal), supervision (equal), visualization (equal), writing — original
draft (equal). Nicola F. Koyama: conceptualization (equal), formal
analysis (equal), funding acquisition (equal), methodology (equal), proj-
ect administration (equal), resources (equal), supervision (equal), visu-
alization (equal), writing - original draft (equal).

Acknowledgements

We are grateful to Ian Gaigher and the Lajuma Research Centre for
permission to work at the site and to neighbouring landowners and
managers for granting access to their properties. We also thank the
numerous field assistants who have contributed to the data collection
across the study period, and particularly Andrew Allan and Caroline
Howlett for coordinating the primate side of the project. The authors
greatly appreciate the financial support from LIMU for a University
PhD Scholarship, Durham University, the Earthwatch Institute, and
an anonymous donor. The funders had no role in the study design,
data collection and analysis, decision to publish, or preparation of the
manuscript.

Ethics Statement

All behavioural data collection followed the Association for the Study of
Animal Behaviour (ASAB) Guidelines for the Treatment of Animals in
Behavioural Research and Teaching (ASAB 2012) and were covered by
Liverpool John Moores University's use of Live Animals in Unregulated
Research Protocol (NK_EP/2016-10). All fieldwork was approved by the
Life Sciences Ethical Review Process Committee and the Department
of Anthropology Ethics Committee at Durham University, UK and
was conducted with approved permits from the Limpopo Province
Department of Economic Development and Tourism (LEDET). It was
not possible to record data blind because our study involved focal ani-
mals in the field. No human subjects were involved in this study.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated and/or analysed during the current study are
available in the figshare repository at: https://doi.org/10.6084/m9.figsh
are.24243430.v1.

References

Acebes, P, J. E. Malo, and J. Traba. 2013. “Trade-Offs Between Food
Availability and Predation Risk in Desert Environments: The Case of
Polygynous Monomorphic Guanaco (Lama guanicoe).” Journal of Arid
Environments 97: 136-142.

Albert, A., T. Savini, and M. C. Huynen. 2011. “Sleeping Site Selection
and Presleep Behavior in Wild Pigtailed Macaques.” American Journal
of Primatology 7312:1222-1230.

Allan, A.T. L., and R. A. Hill. 2018. “What Have We Been Looking at? A
Call for Consistency in Studies of Primate Vigilance.” American Journal
of Physical Anthropology 165: 4-22.

Altmann, J. 1974. “Observational Study of Behavior: Sampling
Methods.” Behaviour 493: 227-267.

Anderson, J. R.1998. “Sleep, Sleeping Sites, and Sleep-Related Activities:
Awakening to Their Significance.” American Journal of Primatology 46:
63-75.

Apfelbach, R., C. D. Blanchard, R. J. Blanchard, R. A. Hayes, and L. S.
McGregor. 2005. “The Effects of Predator Odors in Mammalian Prey
Species: A Review of Field and Laboratory Studies.” Neuroscience and
Biobehavioral Reviews 29, no. 8: 1123-1144.

ASAB. 2012. “Guidelines for the Treatment of Animals in Behavioural
Research and Teaching.” Animal Behaviour 831: 301-309.

Aureli, F. 1997. “Post-Conflict Anxiety in Nonhuman Primates: The
Mediating Role of Emotion in Conflict Resolution.” Aggressive Behavior
23:315-328.

Baker, K. C., and F. Aureli. 1997. “Behavioural Indicators of Anxiety:
An Empirical Test in Chimpanzees.” Behaviour 13413: 1031-1050.

Barrett, L., and C. B. Lowen. 1998. “Random Walks and the Gas Model:
Spacing Behaviour of Mangabeys.” Functional Ecology 126: 857-865.

Barros, M., V. Boere, J. P. Huston, and C. Tomaz. 2000. “Measuring
Fear and Anxiety in the Marmoset (Callithrix penicillata) With a Novel
Predator Confrontation Model: Effects of Diazepam.” Behavioural Brain
Research 1082: 205-211.

Barros, M., M. A. De Souza Silva, J. P. Huston, and C. Tomaz. 2004.
“Multibehavioral Analysis of Fear and Anxiety Before, During, and
After Experimentally Induced Predatory Stress in Callithrix penicil-
lata.” Pharmacology, Biochemistry, and Behavior 782: 357-367.

Barros, M., M. Giorgetti, A. A. V. Souto, et al. 2007. “Persistent Anxiety-
Like Behavior in Marmosets Following a Recent Predatory Stress
Condition: Reversal by Diazepam.” Pharmacology, Biochemistry and
Behavior 864: 705-711.

Barros, M., R. S. Maior, J. P. Huston, and C. Tomaz. 2008. “Predatory
Stress as an Experimental Strategy to Measure Fear and Anxiety-Related
Behaviors in Non-Human Primates.” Reviews in the Neurosciences 19,
no. 2-3: 157-169.

Barros, M., and C. Tomaz. 2002. “Non-Human Primate Models for
Investigating Fear and Anxiety.” Neuroscience and Biobehavioral
Reviews 262: 187-201.

Beehner, J. C., and T.J. Bergman. 2017. “The Next Step for Stress Research
in Primates: To Identify Relationships Between Glucocorticoid Secretion
and Fitness.” Hormones and Behavior 91: 68-83.

Beeson, M., S. Tame, E. Keeming, and S. E. G. Lea. 1996. “Food Habits
of Guenons (Cercopithecus spp.) in Afro-Montane Forest.” African
Journal of Ecology 34: 202-210.

Belzung, C., and G. Griebel. 2001. “Measuring Normal and Pathological
Ancxiety-Like Behavior in Mice: A Review.” Behavioural Brain Research
Brain 125: 141-149.

Berton, F., E. Vogel, and C. Belzung. 1998. “Modulation of Mice Anxiety
in Response to Cat Odor as a Consequence of Predators Diet.” Physiology
& Behavior 652: 247-254.

Bidner, L. R., A. Matsumoto-Oda, and L. A. Isbell. 2018. “The Role of
Sleeping Sites in the Predator-Prey Dynamics of Leopards and Olive
Baboons.” American Journal of Primatology 8012: 1-13.

Bivand, R. S., and D. W. S. Wong. 2018. “Comparing Implementations of
Global and Local Indicators of Spatial Association.” Test 27, no. 3: 716-748.

Blaser, R. E., L. Chadwick, and G. C. McGinnis. 2010. “Behavioral
Measures of Anxiety in Zebrafish (Danio rerio).” Behavioural Brain
Research 208, no. 1: 56-62.

Ecology and Evolution, 2025

7 of 10

85U80|7 SUOWIWIOD BAEa.D 3|t jdde aup Aq peusanob afe ssjole VO ‘8sn JO sa|ni Joj Aeiq18UlUO 48] UO (SUOTPUOD-PUB-SWLIBY W0 A8 | 1M AlRIq Ul [UO//:SdNY) SUORIPUOD PUe SWS | 84} 885 *[6Z0Z/TT/6T] Uo ARiqiTauliuo AB|IM ‘AINN STIO0W NHOL TOOdHIAIT Aq 82522 €898/200T 0T/I0P/W0 A8 | 1M AseIq iUl |uoy/Sdny wouy papeojumod ‘TT ‘SZ02 ‘852.SK0T


https://doi.org/10.6084/m9.figshare.24243430.v1
https://doi.org/10.6084/m9.figshare.24243430.v1

Brooks, J., E. Onishi, I. R. Clark, M. Bohn, and S. Yamamoto. 2021.
“Uniting Against a Common Enemy: Perceived Outgroup Threat Elicits
Ingroup Cohesion in Chimpanzees.” PLoS One 162: e0246869.

Brooks, M. E., K. Kristensen, K. J. van Benthem, et al. 2017. “glmmTMB
Balances Speed and Flexibility Among Packages for Zero-Inflated
Generalized Linear Mixed Modeling.” R Journal 92: 378-400.

Brown, J. S. 1992. “Patch Use Under Predation Risk: I. Models and
Predictions.” Annales Zoologici Fennici 29: 301-3009.

Brown, J. S. 1999. “Vigilance, Patch Use and Habitat Selection:
Foraging Under Predation Risk.” Evolutionary Ecology Research 11:
49-71.

Brown, J. S., and B. P. Kotler. 2004. “Hazardous Duty Pay and the
Foraging Cost of Predation.” Ecology Letters 7: 999-1014.

Brown, J. S., J. W. Laundre, and M. Gurung. 1999. “The Ecology of
Fear: Optimal Foraging, Game Theory, and Trophic Interactions.”
Journal of Mammalogy 802: 385-399. https://doi.org/10.2307/
1383287.

Burnham, K. P., and D. R. Anderson. 2004. “Multimodel Inference:
Understanding AIC and BIC in Model Selection.” Sociological Methods
& Research 332:261-304.

Campos, F. A, and L. M. Fedigan. 2014. “Spatial Ecology of Perceived
Predation Risk and Vigilance Behavior in White-Faced Capuchins.”
Behavioral Ecology 253: 477-486.

Castles, D., A. Whiten, and F. Aurelli. 1999. “Social Anxiety,
Relationships and Self Directed Behaviour Among Wild Female Olive
Baboons.” Animal Behaviour 586: 1207-1215.

Castles Duncan, L., and A. Whiten. 1998. “Post-Conflict Behaviour of
Wild Olive Baboons II. Stress and Self-Directed Behaviour.” Ethology
104: 148-160.

Chapman, C. A. 1990. “Association Patterns of Spider Monkeys: The
Influence of Ecology and Sex on Social Organization.” Behavioral
Ecology and Sociobiology 266: 409-414.

Cheyne, S. M., A. Hoing, J. Rinear, and L. K. Sheeran. 2013. “Sleeping
Site Selection by Agile Gibbons: The Influence of Tree Stability, Fruit
Availability and Predation Risk.” Folia Primatologica 83, no. 3-6:
299-311.

Coleman, B. T. 2013. “Spatial and Temporal Determinants of Samango
Monkey (Cercopithecus Mitis Erythrarchus) Resource Acquisition and
Predation Avoidance Behaviour.” Thesis, Durham University, UK.

Coleman, B. T., and R. A. Hill. 2014a. “Biogeographic Variation in the
Diet and Behaviour of Cercopithecus mitis.” Folia Primatologica 855:
319-334.

Coleman, B. T., and R. A. Hill. 2014b. “Living in a Landscape of Fear:
The Impact of Predation, Resource Availability and Habitat Structure
on Primate Range Use.” Animal Behaviour 881: 165-173.

Coleman, B. T., J. M. Setchell, and R. A. Hill. 2021. “Seasonal Variation
in the Behavioural Ecology of Samango Monkeys (Cercopithecus
Albogularis Schwarzi) in a Southern Latitude Montane Environment.”
Primates 626: 1005-1018.

Coleman, K., and P. J. Pierre. 2014. “Assessing Anxiety in Nonhuman
Primates.” ILAR Journal 552: 333-346.

Cowlishaw, G. 1997. “Trade-Offs Between Foraging and Predation
Risk Determine Habitat Use in a Desert Baboon.” Animal Behaviour 53:
667-686.

Cowlishaw, G. 1998. “The Role of Vigilance in the Survival and
Reproductive Strategies of Desert Baboons.” Behaviour 1354: 431-452.

Cox, R. M,, E. U. Parker, D. M. Cheney, A. L. Liebl, L. B. Martin, and
R. Calsbeek. 2010. “Experimental Evidence for Physiological Costs
Underlying the Trade-Off Between Reproduction and Survival.”
Functional Ecology 246: 1262-1269.

Creel, S., J. A. Winnie, D. Christianson, and S. Liley. 2008. “Time and
Space in General Models of Antipredator Response: Tests With Wolves
and Elk.” Animal Behaviour 764: 1139-1146.

Crespi, E. J., T. D. Williams, T. S. Jessop, and B. Delehanty. 2013. “Life
History and the Ecology of Stress: How Do Glucocorticoid Hormones
Influence Life-History Variation in Animals?” Functional Ecology 271:
93-106.

da Silva, J., and J. M. Terhune. 1988. “Harbour Seal Grouping as an
Anti-Predator Strategy.” Animal Behaviour 365: 1309-1316.

Day, R. T., and R. W. Elwood. 1999. “Sleeping Site Selection by the
Golden-Handed Tamarin Saguinus Midas Midas: The Role of Predation
Risk, Proximity to Feeding Sites, and Territorial Defence.” Ethology 105,
no. 12: 1035-1051.

Dayong, L., Z. Qihai, T. Xiaoping, H. Huang, and C. Huang. 2011.
“Sleeping Site Use of the White-Headed Langur trachypithecus leuco-
cephalus: The Role of Predation Risk, Territorial Defense, and Proximity
to Feeding Sites.” Current Zoology 573: 260-268.

Dell’Anna, F., G. Schino, and F. Aureli. 2022. “Anxiety in Geoffroy's
Spider Monkeys (Ateles geoffroyi): Can Scratching Be Used as an
Indicator?” American Journal of Primatology 846: 1-10.

Dunbar, R. 1. M. 1988. “Primate Social Systems. In: Croom Helm Studies
in Behavioural Adaptation.” London & Sydney: Croom Helm.

Emerson, S. E., J. S. Brown, and J. D. Linden. 2011. “Identifying Sykes’
Monkeys', Cercopithecus Albogularis Erythrarchus, Axes of Fear
Through Patch Use.” Animal Behaviour 81, no. 2: 455-462.

Fan, P.-F., and X.-L. Jiang. 2008. “Sleeping Sites, Sleeping Trees, and
Sleep-Related Behaviors of Black Crested Gibbons (Nomascus concolor
Jjingdongensis) at Mt. Wuliang, Central Yunnan China.” American
Journal of Primatology 70: 153-160.

Fitzgibbon, C. D. 1990. “Mixed-Species Grouping in Thomson's and Grant's
Gazelles: The Antipredator Benefits.” Animal Behaviour 39: 1116-1126.

Foerster, S., and S. L. Monfort. 2010. “Fecal Glucocorticoids as Indicators
of Metabolic Stress in Female Sykes' Monkeys (Cercopithecus mitis albogu-
laris).” Hormones and Behavior 584: 685-697.

Fortin, D., H. L. Beyer, M. S. Boyce, D. W. Smith, T. Duchesne, and J. S.
Mao. 2005. “Wolves Influence Elk Movements: Behavior Shapes a Trophic
Cascade in Yellowstone National Park.” Ecology 865: 1320-1330.

Fortin, D., M. E. Fortin, H. L. Beyer, D. Thierry, C. Sabrina, and K.
D. And. 2009. “Group-Size-Mediated Habitat Selection and Group
Fusion-Fission Dynamics of Bison Under Predation Risk.” Ecology 909:
2480-2490.

Fuller, J. L. 2013. “The Vocal Repertoire of Adult Male Blue Monkeys
(Cercopithecus mitis Stulmanni): A Quantitative Analysis of Acoustic
Structure.” American Journal of Primatology 763: 203-216.

Hahn, N. 2006. “Floristic Diversity of the Soutpansberg, Limpopo
Province, South Africa.” Thesis, University of Pretoria, South Africa.

Hair, J. J., W. Black, B. Babin, and R. Anderson. 2014. Multivariate Data
Analysis. 7th ed. Pearson Education.

Heithaus, M. R., and L. M. Dill. 2002. “Food Availability and Tiger
Shark Predations Risk Influence Bottlenose Dolphin Habitat Use.”
Ecology 832: 480-491.

Hendrie, C. A., S. M. Weiss, and D. Eilam. 1996. “Exploration and
Predation Models of Anxiety: Evidence From Laboratory and Wild
Species.” Pharmacology Biochemistry and Behavior 54, no. 1: 13-20.

Henzi, S. P., and M. J. Lawes. 1987. “Breeding Season Influxes and the
Behaviour of Adult Male Samango Monkeys (Cercopithecus mitis al-
bogularis).” Folia Primatologica 481: 125-136.

Hill, R. A., and R. I. M. Dunbar. 1998. “An Evaluation of the Roles of
Predation Rate and Predation Risk as Selective Pressures on Primate
Grouping Behaviour.” Behaviour 1354: 411-430.

8 of 10

Ecology and Evolution, 2025

85U80|7 SUOWIWIOD BAEa.D 3|t jdde aup Aq peusanob afe ssjole VO ‘8sn JO sa|ni Joj Aeiq18UlUO 48] UO (SUOTPUOD-PUB-SWLIBY W0 A8 | 1M AlRIq Ul [UO//:SdNY) SUORIPUOD PUe SWS | 84} 885 *[6Z0Z/TT/6T] Uo ARiqiTauliuo AB|IM ‘AINN STIO0W NHOL TOOdHIAIT Aq 82522 €898/200T 0T/I0P/W0 A8 | 1M AseIq iUl |uoy/Sdny wouy papeojumod ‘TT ‘SZ02 ‘852.SK0T


https://doi.org/10.2307/1383287
https://doi.org/10.2307/1383287

Hill, R. A., and T. Weingrill. 2007. “Predation Risk and Habitat Use
in Chacma Baboons (Papio Hamadryas Ursinus).” In Primate Anti-
Predator Strategies, edited by S. Gursky and K. A. I. Nekaris, 339-354.
Springer.

Hopcraft, J. G. C., A. R. E. Sinclair, and C. Packer. 2005. “Planning
for Success: Serengeti Lions Seek Prey Accessibility Rather Than
Abundance.” Journal of Animal Ecology 743: 559-566.

Huete, A., K. Didan, T. Miura, E. P. Rodriguez, X. Gao, and L. G. Ferreira.
2002. “Overview of the Radiometric and Biophysical Performance of the
MODIS Vegetation Indices.” Remote Sensing of Environment 83, no. 1-2:
195-213.

Iranzo, E. C., H. U. Wittmer, J. Traba, P. Acebes, C. Mata, and J. E. Malo.
2018. “Predator Occurrence and Perceived Predation Risk Determine
Grouping Behavior in Guanaco (Lama guanicoe).” Ethology 1245:
281-289.

Ito, T. Y., N. Miura, B. Lhagvasuren, et al. 2006. “Satellite Tracking of
Mongolian Gazelles (Procapra gutturosa) and Habitat Shifts in Their
Seasonal Ranges.” Journal of Zoology 2693: 291-298.

Kamilar, J. M., and L. Beaudrot. 2025. “Effects of Environmental Stress
on Primate Populations.” Annual Review of Anthropology 47: 417-434.
https://doi.org/10.1146/annurev-anthro-102317-.

Krause, J., and G. Ruxton. 2002. Living in Groups. Oxford University
Press.

Kutsukake, N. 2003. “Assessing Relationship Quality and Social
Anxiety Among Wild Chimpanzees Using Self-Directed Behaviour.”
Behaviour 140: 1153-1171.

LaBarge, L. R., A. T. L. Allan, C. M. Berman, R. A. Hill, and S. W.
Margulis. 2022. “Cortisol Metabolites Vary With Environmental
Conditions, Predation Risk, and Human Shields in a Wild Primate,
Cercopithecus albogularis.” Hormones and Behavior 145: 105237.

LaBarge, L. R., A. T. L. Allan, C. M. Berman, S. W. Margulis, and R.
A. Hill. 2020. “Reactive and Pre-Emptive Spatial Cohesion in a Social
Primate.” Animal Behaviour 163: 115-126.

Laundre, J. W., L. Hernandez, and W. J. Ripple. 2010. “The Landscape
of Fear: Ecological Implications of Being Afraid.” Open Ecology Journal
33:1-7.

Laundré, J. W., L. Hernandez, and K. B. Altendorf. 2001. “Wolves,
Elk, and Bison: Reestablishing the ‘Landscape of Fear’ in Yellowstone
National Park, U.S.A.” Canadian Journal of Zoology 798: 1401-14009.

Lawes, M. J. 1990. The Socioecology and Conservation of the Samango
Monkey (Cercopithecus mitis erythrarchus) in Natal. University of
Natal.

Lawes, M. J., M. Cords, and C. Lehn. 2013. “Cercopithecus mitis Profile.”
In The Mammals of Africa: Vol 1I. Primates of Africa, edited by J.
Kingdon and J. Kalina, 354-362. University of California Press.

Lawes, M. J., and S. P. Henzi. 1995. “Inter-Group Encounters in Blue
Monkeys: How Territorial Must a Territorial Species Be?” Animal
Behaviour 491: 240-243.

Leimgruber, P., W. J. McShea, C. J. Brookes, L. Bolor-Erdene, C.
Wemmer, and C. Larson. 2001. “Spatial Patterns in Relative Primary
Productivity and Gazelle Migration in the Eastern Steppes of Mongolia.”
Biological Conservation 1022: 205-212.

Lima, S. L., and L. M. Dill. 1990. “Behavioral Decisions Made Under
the Risk of Predation: A Review and Prospectus.” Canadian Journal of
Zoology 684: 619-640.

Lima, S. L. 1992. “Strong Preferences for Apparently Dangerous
Habitats? A Consequence of Differential Escape From Predators.” Oikos
64, no. 3: 597-600.

Lima, S. L. 1998. “Nonlethal Effects in the Ecology of Predator-Prey
Interactions: What Are the Ecological Effects of Anti-Predator Decision-
Making?” Bioscience 481: 25-34.

Linden, B., K. Wimberger, Y. Ehlers-Smith, and M. F. Child. 2016. “A
Conservation Assessment of Cercopithecus albogularis.” In The Red List
Mammals of South Africa, Swaziland and Lesotho, edited by M. F. Child,
L. Roxburgh, E. D. L. San, D. Raimondo, and H. T. Davies-Mostert. South
African National Biodiversity Institute and Endangered Wildlife Trust.

Lutz, C. K., and K. C. Baker. 2023. “Using Behavior to Assess Primate
Welfare.” In Nonhuman Primate Welfare: From History, Science, and
Ethics to Practic, edited by L. M. Robinson and A. Weiss, 171-205.
Springer International Publishing.

Maestripieri, D., G. Schino, F. Aureli, and A. Troisi. 1992. “A Modest
Proposal: Displacement Activities as an Indicator of Emotions in
Primates.” Animal Behaviour 445: 967-979.

Magurran, A. E. 1990. “The Adaptive Significance of Schooling as an
Anti-Predator Defence in Fish.” Annales Zoologici Fennici 272: 51-66.

Makin, D. F,, S. Chamaillé-Jammes, and A. M. Shrader. 2017. “Herbivores
Employ a Suite of Antipredator Behaviours to Minimize Risk From
Ambush and Cursorial Predators.” Animal Behaviour 127: 225-231.

Maréchal, L., S. Semple, B. Majolo, M. Qarro, M. Heistermann, and A.
MacLarnon. 2011. “Impacts of Tourism on Anxiety and Physiological
Stress Levels in Wild Male Barbary Macaques.” Biological Conservation
1449: 2188-2193.

Maximino, C., T. M. de Brito, A. W. da Silva Batista, A. M. Herculano,
S. Morato, and A. Gouveia. 2010. “Measuring Anxiety in Zebrafish: A
Critical Review.” Behavioural Brain Research 2142: 157-171.

McDonald, M., and S. Johnson. 2014. ““There's an App for That™ A
New Program for the Collection of Behavioural Field Data.” Animal
Behaviour 95: 81-87.

McGraw, W. S., K. Zuberbiihler, and R. No&. 2007. Monkeys of the Tai
Forest: An African Primate Community. Cambridge University Press.

McNamara, J. M., and A. I. Houston. 1992. “Evolutionarily Stable
Levels of Vigilance as a Function of Group Size.” Animal Behaviour 434:
641-658.

Mineka, S., R. Keir, and V. Price. 1980. “Fear of Snakes in Wild- and
Laboratory-Reared Rhesus Monkeys (Macaca mulatta)” Animal
Learning & Behavior 84: 653-663.

Mostert, T. H. C. 2006. Vegetation Ecology of the Soutpansberg and
Blouberg Area in the Limpopo Province. University of Pretoria.

Mucina, L., and M. C. Rutherford. 2006. The Vegetation of South
Africa, Lesotho and Swaziland. South African National Biodiversity
Institute.

Nelson, E. E., S. E. Shelton, and N. H. Kalin. 2003. “Individual
Differences in the Responses of Naive Rhesus Monkeys to Snakes.”
Emotion 31: 3-11.

Netoskie, E. C., K. L. Paxton, E. H. Paxton, G. P. Asner, and P. J.
Hart. 2023. “Linking Vocal Behaviours to Habitat Structure to Create
Behavioural Landscapes.” Animal Behaviour 201: 1-11.

Nowak, K., R. A. Hill, K. Wimberger, and A. le Roux. 2017. “Risk-Taking
in Samango Monkeys in Relation to Humans at Two Sites in South
Africa.” Ethnoprimatology 1: 301-314.

Nowak, K., A. le Roux, S. A. Richards, C. P. J. Scheijen, and R. A.
Hill. 2014. “Human Observers Impact Habituated Samango Monkeys'
Perceived Landscape of Fear.” Behavioral Ecology 255: 1-6.

Palit, G., R. Kumar, S. Chowdhury, et al. 1998. “A Primate Model of
Anxiety.” European Neuropsychopharmacology 8: 195-201.

Palmer, M. S., J. Fieberg, A. Swanson, M. Kosmala, and C. Packer. 2017.
“A ‘Dynamic’ Landscape of Fear: Prey Responses to Spatiotemporal
Variations in Predation Risk Across the Lunar Cycle.” Ecology Letters
2011: 1364-1373.

Parker, E. J., R. A. Hill, A. Allan, C. Howlett, and N. F. Koyama. 2020.
“Influence of Food Availability, Plant Productivity and Indigenous

Ecology and Evolution, 2025

9 0f 10

85U80|7 SUOWIWIOD BAEa.D 3|t jdde aup Aq peusanob afe ssjole VO ‘8sn JO sa|ni Joj Aeiq18UlUO 48] UO (SUOTPUOD-PUB-SWLIBY W0 A8 | 1M AlRIq Ul [UO//:SdNY) SUORIPUOD PUe SWS | 84} 885 *[6Z0Z/TT/6T] Uo ARiqiTauliuo AB|IM ‘AINN STIO0W NHOL TOOdHIAIT Aq 82522 €898/200T 0T/I0P/W0 A8 | 1M AseIq iUl |uoy/Sdny wouy papeojumod ‘TT ‘SZ02 ‘852.SK0T


https://doi.org/10.1146/annurev-anthro-102317-

Forest Use on Ranging Behavior of the Endangered Samango Monkey
(Cercopithecus Albogularis Schwarzi), in the Soutpansberg Mountains,
South Africa.” Integrative Zoology 0: 1-16.

Parker, E.J., R. A. Hill, and N. F. Koyama. 2022. “Behavioral Responses
to Spatial Variation in Perceived Predation Risk and Resource
Availability in an Arboreal Primate.” Ecosphere 132: 1-18.

Parker, E. J., N. F. Koyama, and R. A. Hill. 2021. “Habitat Selection of an
Endangered Primate, the Samango Monkey (Cercopithecus Albogularis
Schwarzi): Integrating Scales to Prioritize Habitat for Wildlife
Management.” Ecology and Evolution 1112: 8014-8026.

Paruelo, J. M., H. E. Epstein, W. K. Lauenroth, and I. C. Burke. 1997.
“ANPP Estimates From NDVI for the Central Grassland Region of the
United States.” Ecology 783: 953-958.

Payne, H., M. J. Lawes, and S. P. Henzi. 2003. “Competition and
the Exchange of Grooming Among Female Samango Monkeys
(Cercopithecus mitis erythrarchus).” Behaviour 1401: 453-471.

Peers, M. J. L., Y. N. Majchrzak, E. Neilson, et al. 2018. “Quantifying
Fear Effects on Prey Demography in Nature.” Ecology 998: 1716-1723.

Polizzi di Sorrentino, E., G. Schino, B. Tiddi, and F. Aureli. 2012.
“Scratching as a Window Into the Emotional Responses of Wild Tufted
Capuchin Monkeys.” Ethology 11811: 1072-1084.

QGIS Development Team. 2018. “Quantum GIS.”

R Core Team. 2018. R: A Language and Environment for Statistical
Computing. R foundation for statistical computing.

Ramakrishnan, U., and R. G. Coss. 2001. “Strategies Used by Bonnet
Macaques (Macaca radiata) to Reduce Predation Risk While Sleeping.”
Primates 423: 193-206.

Rangel-Negrin, A., J. L. Alfaro, R. A. Valdez, M. C. Romano, and J.
C. Serio-Silva. 2009. “Stress in Yucatan Spider Monkeys: Effects of
Environmental Conditions on Fecal Cortisol Levels in Wild and Captive
Populations.” Animal Conservation 125: 496-502.

Reichard, U. 1998. “Sleeping Sites, Sleeping Places, and Presleep
Behavior of Gibbons (Hylobates lar).” American Journal of Primatology
461: 35-62.

Schino, G., G. Perretta, A. M. Taglioni, V. Monaco, and A. Troisi. 1996.
“Primate Displacement Activities as an Ethopharmacological Model of
Anxiety.” Animal Behaviour 442: 186-191.

Schino, G., A. Troisi, G. Perretta, and V. Monaco. 1991. “Measuring
Anxiety in Nonhuman Primates: Effect of Lorazepam on Macaque
Scratching.” Pharmacology, Biochemistry and Behavior 384: 889-891.

Schmitt, C. A., and A. Di Fiore. 2015. “Brief Communication: Predation
Risk Sensitivity and the Spatial Organization of Primate Groups: A Case
Study Using GIS in Lowland Woolly Monkeys (Lagothrix Lagotricha
Poeppigii).” American Journal of Physical Anthropology 1561: 158-165.

Sclafani, V., I. Norscia, D. Antonacci, and E. Palagi. 2012. “Scratching
Around Mating: Factors Affecting Anxiety in Wild Lemur catta.”
Primates 533: 247-254.

Scott-Samuel, N. E., G. Holmes, R. Baddeley, and I. C. Cuthill. 2015.
“Moving in Groups: How Density and Unpredictable Motion Affect
Predation Risk.” Behavioral Ecology and Sociobiology 696: 867-872.

Stevenson, M. F., and T. B. Poole. 1976. “An Ethogram of the Common
Marmoset (CalithrixJacchus Jacchus): General Behavioural Repertoire.”
Animal Behaviour 242: 428-451.

Suhonen, J. 1993. “Predation Risk Influences the Use of Foraging Sites
by Tits.” Ecology 744: 1197-1203.

Suraci, J. P, J. A. Smith, S. Chamaillé-Jammes, et al. 2022. “Beyond
Spatial Overlap: Harnessing New Technologies to Resolve the
Complexities of Predator-Prey Interactions.” Oikos 20228: €09004.

Tkaczynski, P., A. MacLarnon, and C. Ross. 2014. “Associations
Between Spatial Position, Stress and Anxiety in Forest Baboons Papio

anubis.” Behavioural Processes 108: 1-6. https://doi.org/10.1016/j.bep-
roc.2014.08.006.

Valeix, M., A. J. Loveridge, S. Chamaille-Jammes, et al. 2009.
“Behavioral Adjustments of African Herbivores to Predation Risk by
Lions: Spatiotemporal Variations Influence Habitat Use.” Ecology 901:
23-30.

Ventura, R., B. Majolo, G. Schino, and S. Hardie. 2005. “Differential
Effects of Ambient Temperature and Humidity on Allogrooming, Self-
Grooming, and Scratching in Wild Japanese Macaquese.” American
Journal of Physical Anthropology 1264: 453-457.

Wickham, H., R. Francois, L. Henry, and K. Miiller. 2017. “dplyr: A
Grammar of Data Manipulation.”

Willems, E. P., R. A. Barton, and R. A. Hill. 2009. “Remotely Sensed
Productivity, Regional Home Range Selection, and Local Range Use by
an Omnivorous Primate.” Behavioral Ecology 201: 985-992.

Willems, E. P., and R. A. Hill. 2009. “A Critical Assessment of Two
Species Distribution Models: A Case Study of the Vervet Monkey
(Cercopithecus aethiops).” Journal of Biogeography 36, no. 12: 2300-2312.

Wimberger, K., K. Nowak, and R. A. Hill. 2017. “Reliance on Exotic
Plants by Two Groups of Threatened Samango Monkeys, Cercopithecus
Albogularis Labiatus, at Their Southern Range Limit.” International
Journal of Primatology 382: 151-171.

Wingfield, J. C., and L. M. Romero. 2000. “Experimental Evidence for
Physiological Costs Underlying the Trade-Off Between Reproduction
and Survival.” In Handbook of Physiology, edited by B. S. McEwen, 211-
236. Oxford University Press.

Wirsing, A.J., M. R. Heithaus, J. S. Brown, B. P. Kotler, and O. J. Schmitz.
2021. “The Context Dependence of Non-Consumptive Predator Effects.”
Ecology Letters 241: 113-129.

Xiang, Z. F., S. G. Nie, Z. F. Chang, F. W. Wei, and M. Li. 2010. “Sleeping
Sites of Rhinopithecus brelichi at Yangaoping, Guizhou.” International
Journal of Primatology 311: 59-71.

Zhou, Q., C. Huang, M. Li, and F. Wei. 2009. “Sleeping Site Use
by Trachypithecus francoisi at Nonggang Nature Reserve, China.”
International Journal of Primatology 302: 353-365.

10 of 10

Ecology and Evolution, 2025

85U80|7 SUOWIWIOD BAEa.D 3|t jdde aup Aq peusanob afe ssjole VO ‘8sn JO sa|ni Joj Aeiq18UlUO 48] UO (SUOTPUOD-PUB-SWLIBY W0 A8 | 1M AlRIq Ul [UO//:SdNY) SUORIPUOD PUe SWS | 84} 885 *[6Z0Z/TT/6T] Uo ARiqiTauliuo AB|IM ‘AINN STIO0W NHOL TOOdHIAIT Aq 82522 €898/200T 0T/I0P/W0 A8 | 1M AseIq iUl |uoy/Sdny wouy papeojumod ‘TT ‘SZ02 ‘852.SK0T


https://doi.org/10.1016/j.beproc.2014.08.006
https://doi.org/10.1016/j.beproc.2014.08.006

	Spatial and Temporal Determinants of Anxiety in a Wild Arboreal Primate
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Species and Field Site
	2.2   |   Data Collection
	2.3   |   Data Processing
	2.4   |   Statistical Analysis

	3   |   Results
	4   |   Discussion
	Author Contributions
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


