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basin (46cm in diameter) was filled with 4 liters sawdust and
“baited” daily with 25 shelled raw peanut halves. We counted
remaining peanuts every day after 1600h and topped up any
spilled sawdust (Nowak et al. 2014). The pre-baiting and live-
capture took place within this experimental patch area.
Livetrapping.—The main purpose of the live-capture was
to ear-tag monkeys for identification purposes in the context
of a large ongoing scientific research project at this site. We
took advantage of these captures to answer our questions about
the specificity of monkeys’ fear responses. All trapping pro-
cedures were approved by the Limpopo Province Department
of Economic Development and Tourism, with ethical approval
from Durham University’s Life Sciences Ethical Review
Process Committee and the Anthropology Department’s
Ethical Sub-Committee. Our research followed guidelines of
the American Society of Mammalogists (Sikes et al. 2011).
The trapping period was preceded by 8 days of pre-baiting,
consisting of baiting with orange quarters, 2 custom-made
cage traps (123cm long x 60cm wide x 80cm tall) per group.
Monkeys (including previously ear-tagged individuals from an
earlier trapping event in 2012) took oranges from traps on a
regular basis during this period. Active trapping was then initi-
ated and 4 individuals (all untagged) were trapped and marked,
2 from each group, on the first 2 days of the 5-day trapping
period (Fig. 1). Samango monkeys forage as a cohesive group
(Emerson and Brown 2013) and other group members were
moving through the trapping area when individuals were trapped
(mean neighbors within 5 m = 1.79 [SD = 1.89]—Coleman
2013), and they dispersed in response to the capture events

and/or other individuals dispersing. Trapped individuals were
hand injected with Zoletil within minutes (< Smin) of capture
by an experienced veterinarian and carried to a nearby area to
be measured, ear-tagged, and finally placed in a holding cage
during recovery. Three of the 4 captured individuals recovered
quickly (1 adult female reacted strongly to the anesthetic), and
all 4 were released within a mean of 3.7 (SD = 0.79) hours
of capture back into their social group. All animals were sub-
sequently monitored and observed to return to typical activ-
ity patterns the following day. The traps were supplemented
with additional bait, consisting of bananas and passion fruits,
in the ensuing 3 days of the trapping period to try and increase
the probability of further captures. These same cage traps were
later replaced, open and without bait, next to GUDs trees in the
final 10 days of the 20-day post-trapping experimental period.

Vigilance.—Vigilance behavior of monkeys while foraging
on artificial food patches was recorded either by observers,
standing with binoculars at no less than 20 m from GUDs trees
(during monkeys’ Ist foraging bout of the day), or using camera
traps (Cuddeback Attack IR; Cuddeback, De Pere, Wisconsin
and Bushnell Trophy Cam; Bushnell, Overland Park, Kansas)
in the absence of observers (throughout the day). “Vigilance”
referred to a monkey looking or glancing up from an experi-
mental basin to visually scan the area in an upright posture.
Vigilance data were recorded from the point at which a monkey
began foraging within an experimental food patch and ended
when the monkey left the basin (n = 85 records before trap-
ping and 72 after trapping for Barn group; 220 before and 177
after for House group). Vigilance was extracted from camera

Fig. 1.—Samango monkey (Cercopithecus albogularis schwarzi) responses to traps placed near feeding stations during the pre-baiting and trap-
ping phase of the study, carried out from May to September 2013 in the Western Soutpansberg Mountains, South Africa. Each day, from 6 to 18
July 2013, a trap was placed at 2 trees within the foraging range of House and Barn groups. Traps always contained food but they were not set to
trigger during the pre-baiting phase. Bars depict days that samango monkeys were observed at 1 or more traps; blue bars indicate that samango
monkeys removed bait from traps, whereas red bars indicate that bait within traps was avoided. On 4 days during pre-baiting baboons or vervet
monkeys removed food from the traps before samango monkeys arrived (asterisk). Four samango monkeys were caught during the trapping phase
(red stars): 2 adult females (AF), 1 in each group, a juvenile female (JF) in House group, and a subadult male (SM) in Barn group.
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trap video footage based on the same criteria for the start and
end of a bout (n = 16 video clips before and 20 after capture
for Barn group: 30 before and 108 after for House group) for
a total of 728 records. The number of glance-ups per minute
constituted “vigilance rate.” For statistical purposes, data from
direct observations and camera traps were pooled following
assessment that there were no statistical differences between
these 2 data sources.

Analyses.—As prior research detected subtle effects of
human followers on monkeys’ perceived risk of predation
(Nowak et al. 2014), we analyzed only data from days on which
monkeys were not followed from dawn to dusk by research-
ers. To appropriately account for the structured nature of data
collection (i.e., repeated sampling at trees), and the fact that
the data were highly overdispersed, we developed likelihood
functions that incorporated these effects. This more general
approach also allowed us to better link our biological hypoth-
eses with our study design (Richards 2015). Specifically, we
fitted discontinuous temporal models of GUDs and vigilance
rates to our data to investigate whether or not our 2 experimen-
tal disturbances (live-capture and the presence of cages post-
trapping) resulted in short-term changes in foraging behavior,
while still allowing for any underlying gradual changes in
foraging behavior. For both the GUD and the vigilance data
sets, we fitted models that incorporated up to 3 predictive fac-
tors: the sampling day of the GUDs experiment (D: 1-40), the
period of the study delineated by the 2 imposed disturbances
(P: pre-trap [days 1-20], post-trap without trap stimulus [days
21-30], and post-trap with trap stimulus [days 31-40]), and the
height of the food basin (H: ground and above-ground, which
included the 3 tree-level basins). Thus, D reflects long-term
responses (weeks), P reflects short-term responses (days) in the
form of break points, and H reflects local responses (meters).
Random variation in foraging behavior among basins, caused
by unknown differences among the trees sampled, and day-
to-day site-wide differences (e.g., variation in weather) also
were explicitly incorporated into the models. In brief, our GUD
model is a generalized example of a logistic regression, and
our vigilance model is a generalized example of a nonlinear
regression, where P and H are treated as discrete factors, D is
a covariate, and day-to-day variation is a random effect. Also,
for both models, we account for additional sources of overdis-
persion in the data. Full details of the statistical models can be
found in Supporting Information S1. Evidence that any of the
3 factors improved model parsimony and explanatory power
was evaluated by performing model selection using Akaike’s
Information Criterion (AIC—Richards 2015).

RESsuLTS

During the 1st phase of our study (sampling days 1-20), before
animals were introduced to the traps, we observed samango
monkeys foraging within all of our basins. During the pre-bait-
ing phase, when traps were placed at 2 trees within both groups’
foraging range but not set to trigger (8 consecutive days), ani-
mals continued to forage at basins placed on trees associated

with the trap and also removed bait from the cage traps (Fig. 1).
After traps were set to trigger (trapping phase) only 2 animals
per group were caught and catches occurred only on the first
2 days of the trapping period (Fig. 1). No trapping location was
successful on more than a single day. Animals in both groups
continued to feed near the areas where the captures took place
but individuals avoided approaching or entering the set traps
despite the presence of significantly enhanced bait in each of
the traps.

GUDs (measured as number of peanuts remaining in basins)
declined gradually over the course of the study and GUDs
were lower for basins placed above-ground for both groups
(Figs. 2A and 2B). However, there was no obvious short-term
change in GUDs after live-capture for either group (sampling
days 21-40). Replacing traps back in the foraging area (days
31-40) did not raise monkeys’ perceived risk as measured by
GUDs and rates of vigilance. These conclusions are supported
by our AIC analyses selecting the model including height and
day (H + D) as the best model for both groups (Table 1). While
the model including sampling period and height (P + H) also
was considered parsimonious for Barn group (Table 1), tempo-
ral changes in GUDs could be better explained by assuming a
gradual decline over time rather than a response to trapping. We
found no evidence of a gradual change in the rate of vigilance
for either group, nor did we find any evidence of a short-term
vigilance response to trapping (Figs. 2C and 2D). However,
both groups significantly elevated vigilance behavior when
foraging on the ground (only model H was selected for both
groups; Table 1) and, in general, House group (the larger of the
2 study groups) was less vigilant.

DiscussioN

We found no evidence for live trapping affecting the antipreda-
tory behavior (i.e., GUDs and vigilance rates) of these habitu-
ated samango monkeys, with the exception of observing the
monkeys’ trap avoidance following initial successful captures.
Their trap-shy response may represent long-term individual
aversion to trapping and the trap stimulus in that no individual
samangos have ever been recaptured at Lajuma (of 18 caught
and tagged), while at Hogsback in the Eastern Cape, only 4
out of 64 samango monkeys were recaptured following suc-
cessful capture and ear-tagging (K. Wimberger, University of
Cape Town, pers. comm.). This is in contrast to mouse lemurs
(Hamildinen et al. 2014) and galagos (Charles-Dominique
and Bearder 1979) which show no aversion to traps or being
trapped and reenter traps on successive occasions.

Despite samango monkeys’ apparent trap aversion, we nev-
ertheless found no further evidence that live-capture or subse-
quent placement of traps in the GUDs experimental area altered
these samango monkeys’ perceived risk, even in the short term
(neither in the days immediately following trapping nor during
the 5 weeks following trapping). Monkeys’ typical antipreda-
tor behavior (e.g., vigilance and use of the ground stratum)
remained unaltered after the capture events, even while the
trap stimulus was present in the experimental area. Monkeys
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Fig. 2.—Observed and predicted giving-up densities (GUDs) and vigilance rates for 2 groups of samango monkeys, Cercopithecus albogularis
schwarzi, studied in 2013 in South Africa. Time is sectioned into 3 periods: pre-trap (days 1-20, white), post-trap without trap stimulus (days
21-30, light gray), and post-trap with trap stimulus (days 31-40, gray). Panels A and B show observed GUDs averaged across 8 trees for 2 height
categories, and error bars represent 1 SE. Sloped lines indicate the best Akaike’s Information Criterion (AIC) model predictions, which was model
D (sampling day) + H (ground or tree) for both groups. Panels C and D show the corresponding vigilance rates. Symbol size indicates the period
of the observations used to calculate the mean rate: < 5Smin (small), 5-15min (medium), and > 15 min (large). Again, lines indicate the AIC-best

model predictions, which was model H for both groups.

did not transfer their negative trap response (trap shyness) to
our experiment, i.e., the experimental area or the artificial food
sources (man-made containers/basins used in the experiment).
This suggests that monkeys likely distinguish between anthro-
pogenic sources of risk, possibly because they already had 5
weeks prior (positive and rewarding) experience with experi-
mental food patches before the live-capture. The food patches
(raw unshelled peanuts) were also of high quality and required
no processing once found inside the sawdust.

Where samango monkeys face a variety of risks including
conflict with people and depredation by domestic dogs, such
as in Hogsback, Eastern Cape, South Africa, they will still
capitalize on high-quality food in the form of fallen exotic
oak acorns and seeds in people’s gardens (Wimberger et al., in
press). Supplementing the cage traps in this study with addi-
tional high-quality bait (bananas and passion fruits) in the final
3 days of the live-capture, however, failed to attract the trap-
averse monkeys.

Despite the absence of evidence suggesting behavioral
changes in space use and vigilance in response to capture,
animals did exhibit consistent, predictable variation in risk
responses in relation to foraging height and experience with the
GUDs experiment. Monkeys had higher GUDs at the start of the
experiment, foraged less at ground level (Emerson et al. 2011;
Nowak et al. 2014), and had lower vigilance rates at higher can-
opy levels (MaclIntosh and Sicotte 2009; Campos and Fedigan
2014). The larger House group had lower vigilances rates than

the smaller Barn group, consistent with the group size effect
(Hill and Cowlishaw 2002; Makin et al. 2012; Campos and
Fedigan 2014). Animals also showed a steady increase in for-
aging proficiency over the course of the experiment, suggesting
that practice and familiarity may result in falling GUDs; GUDs
decreased over time at ground and tree levels, indicating mon-
keys’ ability to quickly adapt to their current environment and
efficiently exploit newly available sources of food from which
they were not easily deterred by a perturbation like live-capture.

We found no evidence of a trade-off between vigilance rates
and GUDs; GUDs declined but vigilance rates were fixed
throughout the duration of the study. However, we have only
quantified vigilance rates and not duration of vigilance; it may
be that look-up duration declined over time, which freed up
time for lowering GUDs. We had enough video data of House
group foraging to see if time spent at trees changed during the
study, and if it differed between basin heights. We found no evi-
dence of a day effect on the mean time spent at trees (analysis
of covariance [ANCOVA]; F |, = 2.67, P = 0.112); however,
there was evidence of a height effect (ANCOVA; F 131 = 9.40,
P = 0.004) with monkeys spending less time at ground than
tree canopy level (Supporting Information S2a and S2b). Over
the course of the day, animals averaged shorter times at basins
placed on the ground (3.26+0.75min) compared with basins
placed above-ground (8.56+1.67 min). These additional find-
ings suggest that animals improved their proficiency at finding
peanuts rather than spending more time at basins, given that the
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Table 1.—Summary of the Akaike’s Information Criterion (AIC)
analyses of the giving-up density (GUD) and vigilance data for 2
groups of samango monkeys (Cercopithecus albogularis schwarzi)
studied in the Western Soutpansberg Mountains, South Africa, from
May to September 2013. Models incorporated up to 3 factors for both
data sets: day of sampling (D), period of sampling (P), and patch
height (H). K is the number of estimated model parameters, LL is the
maximum log-likelihood, and AAIC is the difference in the AIC of the
model compared to the lowest AIC model. Bold AAIC values indicate
that the model is selected (i.e., relatively more parsimonious, given
the models considered). Models were selected if they had AAIC < 6
and no simpler, nested model had a lower AIC score (Richards 2008).

Model GUD Vigilance
K LL AAIC K LL AAIC
Barn group

Null 10 —-1,945.1 33.7 10 -1524 16.2
D 11 —-1,940.0 25.6 11 -152.3 18.0
P 12 —-1,9389 252 11 —-152.0 17.5
D+P 13 -1,938.9 272 13 -151.7 20.9
H 11 -1,933.9 133 11 —-143.3 0.0
H+D 13 -1,925.2 0.0 12 -142.9 1.3
H+P 15 -1,924.0 14 15 -140.7 29
H+D+P 17 -1,923.6 4.7 16 —-140.7 49

House group

Null 10 -1,528.9 352 10 -285.9 514
D 11 -1,519.1 17.6 11 -285.8 532
P 12 -1,520.7 22.8 11 —-285.1 51.8
D+P 13 -1,518.6 20.6 13 —284.6 54.9
H 11 -1,522.1 23.6 11 -259.2 0.0
H+D 13 -1,508.3 0.0 12 -259.1 1.8
H+P 15 -1,511.0 9.3 15 —-255.6 0.8
H+D+P 17 -1,507.7 6.7 16 -255.2 1.9

amount of peanuts taken from basins increased over time but
time spent at basins did not increase.

While we did not measure hormones or stress responses
directly like Wasserman et al. (2013), we similarly did not
find monkeys’ behavior to be suggestive of a prolonged stress
response as a result of our live-capture. The monkeys in our
study appeared to be extremely apt at distinguishing among
different forms of risk and clearly made trade-offs that opti-
mized their exploitation of food-rich patches (Emerson and
Brown 2013). While the monkeys, like coyotes and foxes (Way
et al. 2002; Jolley et al. 2012), became trap-shy, their trap aver-
sion did not result in or extend to spatial avoidance of the area
in which trapping took place as it did for the carnivores. This
has important implications in management terms, as the use of
trapping and release would not be a worthwhile approach to
deterring primates from food sources. Our research indicates
that primates are unlikely to show a generalized fear response
following live-capture, particularly if carried out by humans to
whom they are already well habituated.

Where goals are to study primates long term by habituat-
ing them, insights about the risk-disturbance hypothesis, spe-
cifically fear, risk avoidance, and learned responses to humans
and their research tools, are important for conservation manag-
ers looking to monitor endangered species. The methods we
used here are generalizable to other longitudinal field studies
that employ live-capture to mark and study animals. Further

comparative data are essential to gauge the relative differ-
ences among species and individuals in responses to capture
and other potentially stressful research practices, such as wear-
ing of GPS collars. This study advances our understanding of
how our research and management practices may distort animal
behavior—or even cause harm—and result in misinterpretation
of wild animals’ resilience to our presence and activities.
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