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Abstract

Vigilance is commonly used to assess anti-predator behavior; however, the majority of studies assess only high-cost vigilance,
which interrupts any other activities. Low-cost vigilance, by comparison, allows animals to be vigilant while engaged in other
activities, thereby reducing the cost of vigilance. Here, we investigate the use of high- and low-cost vigilance in relation to
environmental and temporal factors in a wild population of the bat-eared fox (Otocyon megalotis), a small mesopredator, using
behavioral observations of eight habituated animals. We hypothesized that vigilance would increase with tall, dense vegetation,
high wind speeds, and low ambient light, and that vigilance would decrease in the presence of conspecifics and over the period of
a single observation session. Overall, bat-eared foxes spent significantly more time engaged in low-cost vigilance than in high-
cost vigilance. High-cost vigilance increased with vegetation height, in the presence of adult conspecifics and in winter. We
suggest these effects are due to impeded lines of sight with increases in vegetation height, increased competition in the presence
of conspecifics, and increased social interactions in winter. Low-cost vigilance was highest at the start of observational sessions,
and we suggest that this is due to observer effects, as foxes demonstrated increases in both high- and low-cost vigilance
specifically towards observers during this time. This study demonstrates that foxes are highly dynamic in their vigilance behavior.
Due to the low predation pressure in the study area, the use of mostly low-cost vigilance may be sufficient in this environment,
and thus foxes can allocate more time to other activities. Our results indicate that, in this environment, vigilance is most likely
driven by factors other than predation risk, but that foxes may still respond to certain cues of predation risk. Ultimately, in areas of
low predation risk, species susceptible to predation may retain responses to cues of risk, but adapt behaviors to reduce the
associated costs.

Significance statement

While studies examining perceived risk in herbivores frequently assess vigilance, the examination of vigilance is largely under-
investigated in mesopredators. Here, we present findings from one of the first studies to examine high- and low-cost vigilance in a
small mesopredator. We demonstrate that in an area with minimal predation pressure low-cost vigilance is more intensively used
and that despite the absence of predator sightings, ambush predators may still pose a perceived threat to foxes. Ultimately, when
predation pressure is low, social interactions and competition may be some of the costliest activities. Results further indicate that
while this small canid habituates quickly to observer presence, the initial presence of observers cannot be considered truly neutral.
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Communicated by C. Soulsbury

- - . . — Introduction
Electronic supplementary material The online version of this article
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balance in the trade-off between foraging success and predator
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factors such as ambient illumination, temperature and wind
speed (Elgar 1989; Carr and Lima 2010; Prugh and Golden
2014). Both vegetation type and abiotic variables can impede
visual and auditory senses and have been shown to be impor-
tant in shaping perceived risk (Biebouw and Blumstein 2003;
Hayes and Huntly 2005; Prugh and Golden 2014).

Vigilance levels continue to be a common way of assessing
perceived risk (le Roux et al. 2009; Périquet et al. 2010).
However, most studies focus on high-cost vigilance, or vigi-
lance that interrupts other activities such as foraging (Lima
and Bednekoff 1999). A small number of studies have addi-
tionally investigated low-cost vigilance, which enables other
behaviors to continue while an animal is scanning for potential
threats (Unck et al. 2009; Périquet et al. 2012). Being able to
remain vigilant while engaged in other behaviors considerably
reduces the cost of vigilance, as there is no temporal trade-off
between the two behavior types (Illius and Fitzgibbon 1994;
Bednekoff and Lima 2005). High-cost vigilance, however, has
been shown to be more important in areas of high predation
risk (Unck et al. 2009).

Mesopredators occupy a trophic position in which they are
not only predators, but are also prey to or killed by larger
predators (Ritchie and Johnson 2009). Therefore,
mesopredator vigilance patterns might be affected by per-
ceived predation risk, however studies remain rare, and almost
no research exists on high- and low-cost vigilance in
mesopredators (but see le Roux et al. 2009). For social
mesopredators, individuals must balance detection of preda-
tors and prey as well as finding mates or conspecifics.

Bat-eared foxes (Otocyon megalotis, “foxes” hereafter) are
small (3—5 kg), socially monogamous, largely nocturnal
mesopredators that feed predominantly on termites, but also
on other insects, rodents and fruits (Nel 1990; Maas and
Macdonald 2004). Foxes have both diurnal and nocturnal
predators, including terrestrial species such as black-backed
jackal (Canis mesomelas), and avian threats, such as martial
eagle (Polemaetus bellicosus; Malcolm 1986), and are com-
mon victims in interspecific killings (Palomares and Caro
1999). Previous studies have shown that foxes exhibit anti-
predator responses in terms of social behavior (e.g. mobbing)
and home-range use (Kamler et al. 2012, 2013), but their
vigilance patterns remain unclear (Welch et al. 2017).

This study aims to investigate high- and low-cost vigilance
in foxes, specifically focusing on factors potentially influenc-
ing vigilance: perceived predation risk, social factors, and ob-
server effects. If perceived predation risk has an effect, we
expect vegetation height and density (impaired visibility in
dense and high vegetation; Devereux et al. 2006; Embar
et al. 2011; Emerson et al. 2011), moon illumination
(impaired visibility during new moon nights; Biebouw and
Blumstein 2003) and wind (impaired hearing with high wind
speeds; Hayes and Huntly 2005) to have an effect on vigi-
lance. Social factors can also influence vigilance, whereby
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the presence of conspecifics has been demonstrated to either
increase or decrease individual vigilance, due to competition
(Shrader et al. 2007) and the ‘dilution effect’ (Delm 1990)
respectively. Bat-eared foxes are known as social foragers
(Lamprecht 1979), and we would therefore expect that the
presence of conspecifics should lower individual vigilance
rather than increasing it. Observers have been shown to influ-
ence perceived risk in even habituated animals (Nowak et al.
2014), and in the case of foxes, the presence of observers
appears to reduce perceived risk (Welch et al. 2017).
However, fine-scale analysis of vigilance patterns might re-
veal changes throughout the observational period, and foxes
should be expected to gradually habituate to the presence of an
observer over the course of an evening.

Specifically, we predicted that vigilance would increase (1)
in higher, denser vegetation, (2) in high wind conditions and
(3) in lower levels of ambient light. As foxes are social for-
agers, we hypothesized that vigilance would decrease (4) in
the presence of conspecifics and (5) at times of the year when
social interactions were more frequent. In addition, we expect-
ed that observer effects would be evident in (6) a gradual
decrease in observer-directed vigilance over the course of a
single observation session.

Methods
Study site and species

Behavioral observations were conducted at the Kuruman
River Reserve (KRR, 28° 59' S, 21° 49" E) in the southern
Kalahari Desert, Northern Cape, South Africa, on a wild but
habituated (prior to the start of this study) population of foxes.
The climate in the region is distinguished by a hot, wet sum-
mer period (October—April) and cold, dry winters (May—
September). The average annual rainfall for this area is
264 mm (2010-2015, KRR weather station). Based on the
descriptions of Low and Rebelo (1996), the vegetation classi-
fication for this area is Kalahari Thomveld, and consists of
three principal habitats, namely dune areas comprised of un-
dulating dunes and perennial grasses (Aristida, Eragrostis,
Schmidti and Stipagrostis spp.), flat river terraces with two
predominant species, perdebos (Galenia africana) and
driedoring (Rhigozum trichotomum), and dry riverbed, which
is predominantly open habitat, interspersed with small camel
thorn (Acacia erioloba) and black thorn (Acacia mellifera)
bushes.

Foxes are predominantly nocturnal and are relatively com-
mon in the study area (several individuals seen on a daily
basis). Most large predators were historically extirpated from
the area. Black-backed jackals and caracals (Caracal caracal)
remain in the area, but are hunted on the surrounding farm-
lands. Thus, predation pressure in the study area was low, and
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black-backed jackals and caracals are rarely seen at the study
site (3 per annum and 2 per annum respectively, based on
unpublished data from 2015) despite a large sampling effort
(Kalahari Meerkat Project 2017). Recorded mortality events
of study individuals was as a result of disease (1 confirmed
case, 2 suspected). Another predominant cause of death in the
area is due to road accidents (RJW, pers. obs.). We recorded
no mortality events due to predation.

Behavioral data

Foxes were habituated to observers and followed on foot from
approximately 1-2 m while collecting behavioral data (c.f. le
Roux et al. 2009). Foxes were collared and observers radio-
tracked individuals to find their location prior to behavioral
investigations. Observers followed each fox once a week for a
period of 2 h (“follows” hereafter). Monthly ‘all-night fol-
lows’ were done where reiterative 2-h follows were conducted
throughout the night with 1-h rest periods in between. A total
of 164 follows were completed on eight adult foxes (five
males, three females) between August 2015 and April 2016.
On average, 18 follows were conducted per individual (range
6-48). Follow data were collected directly on a Samsung
handheld tablet using the program Cybertracker (http:/www.
cybertracker.org).

To assess anti-predator behavior, we conducted 10-min
vigilance focals (“focals” hereafter; c.f. Favreau et al. 2014)
before and after every follow. A total of 270 focals were com-
pleted for the aforementioned eight foxes between August
2015 and April 2016. On average, 34 focals were conducted
per individual (ranging from 6 to 77). Vigilance focal data
were collected using voice recordings that were later tran-
scribed and collated. Focals focused solely on vigilance be-
havior (bout rate and duration). The possible cause of vigi-
lance (observer, social i.e. other foxes in the vicinity, potential
predator, or unknown), the presence of conspecifics (no con-
specifics, habituated individuals, unhabituated individuals or
pups), and the type of vigilance (high cost—individuals
stopped any other activity to be vigilant; low cost—vigilance
while engaged in other activities like movement or foraging)
were recorded (c.f. Unck et al. 2009). For this study, all high-
cost vigilance events interrupted foraging, and low-cost vigi-
lance occurred simultaneously with movement behaviors pre-
dominantly, but also marking behaviors, grooming and con-
suming large prey items. All food-motivated vigilance events
(i.e. clearly listening/looking for food) were discarded.
Additionally, focals were assigned a type, either ‘pre’ or “post’
follow. Pre-focals were recorded at the beginning of observa-
tion periods before the follow (approximately 1830 h—2000 h)
and post-focals were recorded after follows. On nights where
data were collected throughout the night, all vigilance focals
after the first follow were categorized as ‘post’. Despite dif-
ferences in the time of night at which they were recorded,

post-focals did not differ in proportion of time vigilant
(Kruskal-Wallis: x2 =0.450, df=3, P=0.930) or rate of vig-
ilance (X2 = 1.415, df=3, P=0.702) and therefore were
pooled as post-focal data. Focals shorter than 5 min were
discarded from analyses. During the focals, foxes were in
constant line of sight and if they were out of sight for more
than 1 min, the focal was restarted. It was not possible to
record data blind because our study involved focal animals
in the field.

Vegetation effects

In order to assess the effects of vegetation height and density
on vigilance, vegetation data were collected for every vigilant
event and additionally for non-vigilant events (when foxes
were foraging). Vegetation density was categorized into
‘sparse’ (bare ground or roots of perennial species more than
1 m apart) or ‘dense’ (roots of perennial species less than
50 cm and up to 1 m; c.f. Périquet and le Roux 2017).
Vegetation height was categorized into ‘low’ (lower than the
eyeline of a moving fox) or ‘high’ (higher than the eyeline of a
moving fox). Vegetation data were collected during focals for
each vigilant event. For non-vigilant events, five randomly
selected non-vigilant events were selected post-hoc from fol-
low data associated with the focal (i.e. on the same night).
These points had associated GPS locations (recorded during
the follow) and these locations were visited the following day
to describe vegetation using the methods above.

Abiotic factors

All focals were assigned environmental variables (moon illu-
mination index and wind speed) and a temporal variable (sea-
son). A moon illumination index (0—1) was obtained from
http://aa.usno.navy.mil/data/docs/MoonFraction.php for our
study location. For each focal, we assigned a moon
illumination index equal to the moon illumination if the
moon was above the horizon at the time of the observation
and zero otherwise. Nights with full cloud cover were
removed from analyses, as this could have confounded
moon illumination. Wind speeds (0—6 m/s) were extracted
from data collected every hour at a weather station on site.
Seasons were categorized as spring (September—November),
summer (December—February), autumn (March—-May) and
winter (June—August).

Statistical analyses

All analyses were performed in R (R Core Team 2016), using
the /me4 package (Bates et al. 2015). Data exploration was
carried out and model assumptions verified by following the
protocol described in Zuur et al. (2010) and Zuur and Ieno
(2016). Graphs were created using the ggplot? package
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(Wickham 2009) in R and report actual data rather than pre-
dicted model results. All graphs show mean and standard error
unless stated otherwise.

Behavioral data

To investigate whether foxes spent a greater proportion of
their vigilance time invested in low-cost vigilance, we used
a chi-square goodness of fit test. Expected proportions were
based on the assumption that vigilance would be divided
evenly between low- and high-cost vigilance.

Vegetation effects

To assess how the probability of high- and low-cost vigilance
changed with vegetation height and density, we used general-
ized linear mixed effects models (GLMMs) with binomial
error distribution and a logit link (logistic regression) with
the response variable being set to vigilant (1), or not vigilant
(0). Vegetation height (high or low) and vegetation density
(dense or sparse) were set as main effects. Individual fox
was included as a random effect.

Abiotic factors

We used GLMMSs with a binomial error distribution and a
logit link to investigate how time spent in high-cost vigilance
(as a proportion of focal time) varied with moon illumination,
wind speed, season and focal type. Individual fox was includ-
ed as a random effect. Interactions between variables were
investigated, however these were non-significant and there-
fore removed from models. The analyses were repeated for
low-cost vigilance. We used GLMMs with a Poisson error
distribution and a log link to investigate how the rate of
high- and low-cost vigilance varied with the same abiotic fac-
tors as already described. To correct for over-dispersion an
observation level random effect was added (Elston et al.
2001; Harrison 2014).

Social effects

To compare how proportion of time spent in high- and low-
cost vigilance, and high- and low-cost vigilance rate varied
with the presence of conspecifics, we selected a random sam-
ple of 20 vigilance focals with no conspecifics present and
compared them to vigilance focals with habituated conspe-
cifics present (n=16), unhabituated conspecifics present
(n=14) and pups present (n =21), using a Kruskal-Wallis test
(as data were not normally distributed). Post-hoc analyses
were applied using Wilcoxon rank-sum tests for each pairwise
combination and a Bonferroni correction was applied.
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Observer-directed vigilance

We used GLMMs with a binomial error distribution and a
logit link to investigate how both high- and low-cost observ-
er-directed vigilance (as a proportion of focal time) varied
with focal type including individual fox as a random effect.
We used GLMMs with a Poisson error distribution and a log
link to investigate how the rate of high- and low-cost observer
directed vigilance varied with focal type including individual
fox as a random effect. To assist with over-dispersion an ob-
servation level random effect was added (Elston et al. 2001;
Harrison 2014).

Data availability The datasets generated during and/or ana-
lyzed during the current study are available from the corre-
sponding author on reasonable request.

Results
Behavioral data

A total of 270 vigilance focals were recorded, including
140 pre-focals and 130 post-focals. Within these focals,
1526 vigilant events were documented, to which 63%
the cause was unknown, 11% of events were caused by
conspecifics, 23% were caused by human observers and
the remaining 3% were caused by non-threatening
heterospecific species (e.g. common duiker, Sylvicapra
grimmia). Foxes spent a significantly higher proportion
of time invested in low-cost vigilance than in high-cost
vigilance (X2=6.76, df=1, P<0.01), with high-cost
vigilance accounting for only 37% of time spent
vigilant.

Vegetation effects

The probability of engaging in high-cost vigilance decreased
in low vegetation, but vegetation density had no effect
(Table 1). Neither vegetation height nor density had an effect
on the probability of engaging in low-cost vigilance (Table 1).

Abiotic factors

Moon illumination and wind speed had no effect on the pro-
portion of time spent in either high- or low-cost vigilance
(Table 1). Season had no impact on the proportion of time
spent in low-cost vigilance, but the proportion of time spent
in high-cost vigilance was lower in spring than in winter
(Table 1). The proportion of time spent engaged in low-cost,
but not high-cost, vigilance was greater for pre-focals when
compared to post-focals (Table 1; Fig. 1).
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Table 1 Model coefficients ({3)
illustrating the relationship be-
tween high- and low-cost vigi-
lance with vegetation, abiotic
factors and observers for bat-
eared foxes in the Kalahari
Desert. For categorical variables,
the intercept denotes the reference
level category (high vegetation,
dense vegetation, winter and post-
focal respectively)

Factors Variables 153 SE VA P
Vegetation
High-cost Intercept 0.235 0.473 0.497 =0.619
Low height -0.699 0.198 —3.524 <0.001
Sparse density 0.194 0.195 0.997 =0.319
Low-cost Intercept —0.052 0.349 —0.151 =0.880
Low height 0.151 0.200 0.758 =0.449
Sparse density -0.333 0.207 -1.610 =0.107
Abiotic factors
High-cost
Proportion of time Intercept —3.704 0.431 —8.600 <0.001
Moon —0.788 0.486 —1.621 =0.105
Wind —0.280 0.163 -1.715 =0.086
Spring —1.161 0.469 —2.473 <0.05
Summer —0.944 0.542 —1.743 =0.081
Autumn -1.259 0.822 —1.532 =0.125
Pre-focal —0.406 0.351 —1.155 =0.248
Rate Intercept —4.782 0.209 —22.840 <0.001
Moon —0.388 0.255 —1.524 =0.128
Wind —0.054 0.085 —0.640 =0.522
Spring —1.031 0.234 —4.407 <0.001
Summer -0.909 0.272 —3.344 <0.001
Autumn -1.131 0.425 —2.661 <0.01
Pre-focal -0.152 0.180 —0.847 =0.397
Low-cost
Proportion of time Intercept -5.226 0.535 —9.765 <0.001
Moon 0.338 0.587 0.576 =0.565
Wind 0.358 0.193 1.853 =0.064
Spring -0.897 0.575 —1.559 =0.119
Summer —1.158 0.677 -1.710 =0.087
Autumn - 1.591 1.007 -1.579 =0.114
Pre-focal 1.217 0.427 2.853 <0.01
Rate Intercept —6.059 0.280 —21.680 <0.001
Moon 0.173 0.307 0.563 =0.573
Wind 0.133 0.100 1.336 =0.181
Spring -0.368 0.298 -1.236 =0.216
Summer —-0.407 0.352 —1.154 =0.249
Autumn -0.718 0.530 —1.354 =0.176
Pre-focal 0.794 0.222 3.570 <0.001
Observer effects
High-cost
Proportion of time Intercept —8.178 0.496 —16.483 <0.001
Pre-focal 0.817 0.427 1912 =0.056
Rate Intercept —70911 0.377 —20.990 <0.001
Pre-focal 0.637 0.302 2.110 <0.05
Low-cost
Proportion of time Intercept —8.448 0.449 —18.950 <0.001
Pre-focal 1.759 0.472 3.726 <0.001
Rate Intercept -8.122 0.292 —27.820 <0.001
Pre-focal 1.310 0.298 4.390 <0.001
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Fig. 1 Bat-eared fox high- and low-cost vigilance (as a proportion of

focal time) before and after 2-h observation sessions (error bars represent
standard error)

Moon illumination and wind speed had no effect on high-
or low-cost vigilance rate. Season had no effect on low-cost
vigilance rate, but high-cost vigilance rate was lower in spring,
summer and autumn than in winter (Table 1, Fig. 2). High-cost
vigilance rate was not affected by focal type, but the rate of
low-cost vigilance was greater for pre-focals (0.0075 +
0.0009, mean + standard error) when compared to post-
focals (0.0030 £0.0005; Table 1).

Social effects

The proportion of time invested in high- (x* = 6.606, df =3,
P=0.856) and low- (x*=5.033, df=3, P=0.169) cost vigi-
lance did not vary among different social contexts. However,
high-cost vigilance rate varied significantly between different
social contexts (X2 =14.64, df =3, P<0.01), being highest in
the presence of habituated conspecifics (0.011 +0.006) vs. no
conspecifics (0.003 +0.005; W=277, df =34, P<0.001), and
vs. pups (0.002 +0.005; W=262, df=35, P<0.01, Fig. 3a).
There was no difference in low-cost vigilance rate among the
different social contexts (habituated conspecifics 0.002 +
0.008, unhabituated conspecifics 0.002 +0.003, pups 0.008
+0.012 and alone 0.005+0.015, x*=3.425, df=3, P=
0.331, Fig. 3b).
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Fig. 2 Bat-eared fox high- and low-cost vigilance rate (bouts of vigilance
per second) across seasons (error bars represent standard error)

Observer-directed vigilance

The proportion of time engaged in high-cost observer-directed
vigilance did not vary between the two focal types. High-cost
observer-directed vigilance rate was higher in the pre-focal
(Table 1; Fig. 4). The proportion of time engaged in low-
cost observer-directed vigilance was higher in the pre-focal
(0.0080+£0.0015 vs 0.0026+0.0013; Table 1), as was low-
cost observer-directed vigilance rate (Table 1; Fig. 4).

Discussion

Our results showed that bat-eared foxes invested most of their
vigilance effort into low-cost vigilance. High-cost vigilance
has been shown to be more important in areas where perceived
risk is greater (Unck et al. 2009), and therefore the use of
predominantly low-cost vigilance may indicate that perceived
risk is generally low in this environment, as suggested by the
absence of any recorded mortalities due to predation. Due to
low predation pressure, low-cost vigilance may be sufficient,
and thus foxes can allocate more time to foraging. Foxes are
unlikely to have lost appropriate anti-predator behaviors alto-
gether, despite low predation pressure, and the use of high-
cost vigilance under certain situations (in tall vegetation, in the
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High cost vigilance rate (bouts per second)
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o
o
o
o
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=

0.00 ' '
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Social factors

Fig. 3 Bat-cared fox a high-cost vigilance rate and b low-cost vigilance
rate in the presence and absence of conspecifics. Plots represent medians
with interquartile range, whiskers represent 1.5 x interquartile range and
outliers are points outside this range, Y axes are truncated so data are
presented within text

presence of adult conspecifics, during winter and towards ob-
servers at the start of observation sessions) may, however,
suggest these factors are associated with greater perceived
risk.

Tall vegetation significantly increased the probability of
high-cost vigilance, but not of low-cost vigilance, which sug-
gests bat-eared foxes do not associate areas of tall vegetation
with sites of refuge, as found for other fox species (Hall et al.
2013). As vegetation height categories were associated with
line of sight, we consider that greater vigilance in higher veg-
etation is due to obscured line of sight and thus difficulty in
detecting potential dangers, and similar patterns have been
shown in other studies (Bednekoff and Blumstein 2009).

_ |:|Iow-cost

0.0020 1 [ nigh-cost
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S 0.00151 -
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Fig. 4 Bat-cared fox high- and low-cost observer-directed vigilance rate
(bouts per second) before and after 2-h observation sessions (error bars
represent standard error)

Increased vigilance in tall vegetation suggests that, despite
the lack of potential predator sightings, ambush predators
may still pose as a perceived threat to foxes, or that foxes still
respond to certain cues of predation risk, despite predators
being largely absent. Previous studies have highlighted that
even after the loss of predators, prey may still retain appropri-
ate anti-predator behaviors (Blumstein 2006). Increases in
vigilance with vegetation height may also have been associat-
ed with the presence of hidden conspecifics.

Previous studies have reported that both moon illumination
and wind speed affect perceived risk of predation in certain
species e.g. tammar wallabies (Macropus eugenii, Biebouw
and Blumstein 2003) and brush-tailed rock-wallabies
(Petrogale penicillata, Carter and Goldizen 2003).
Additionally, recent research suggests that foxes rely on hear-
ing as their predominant sense (Renda and le Roux 2017), but
that wind speed does not influence their ability to detect prey
(S. Renda et al. unpubl. data). We therefore suggest the detec-
tion of predators may similarly be based on auditory processes
but that the generally low wind speeds (0—-6 km/h) recorded
during our observations were not enough to significantly im-
pair their capability of detecting potential predators.

High-cost vigilance rate, but not low-cost, was influenced
by social factors and foxes were more vigilant in the presence
of habituated conspecifics than they were when foraging alone
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or with pups. Previous work has highlighted that increased
vigilance in the presence of conspecifics may be related to
competition over food and conspecific monitoring
(Beauchamp 2001, 2009; Lung and Childress 2007; Shrader
et al. 2007), and social vigilance has been highlighted to be
particularly pertinent in areas of low predation pressure
(Hirsch 2002). Lower levels of vigilance in the presence of
pups suggests that predation risk may not be the biggest driver
of vigilance in areas with low predation pressure. If predation
risk had posed a considerable threat, we would have expected
increased vigilance in the presence of pups as demonstrated in
previous studies (Lung and Childress 2007; Lashley et al.
2014). We suggest that pups did not compete over food with
adults, as adults regularly provisioned them with food, and
their survival influences adult fitness (Trivers 1972).
Additionally, our results showed vigilance was greater in win-
ter. We suggest this may be related to increased social interac-
tions during this time (R. De Bruin et al. unpubl. data). Bat-
eared foxes are monogamous and pair bonding occurs during
winter months (Nel 1984), with pairs foraging together to
facilitate mate guarding (Wright et al. 2010). We therefore
suggest that foxes may perceive greater resource competition
during this time and increase vigilance in the presence of
conspecifics for mate guarding/seeking extra pair mating, or
possibly due to increased competition in the presence of con-
specifics (Beauchamp 2001). Unfortunately, as most partners
were unhabituated at this study site, pairs were rarely observed
foraging together in our presence making the validation of this
hypothesis difficult with our data. We therefore recommend
that future studies test this idea with pairs of habituated foxes.
Furthermore, our results indicated that winter was the only
season where high-cost was greater than low-cost vigilance
and we suggest this is due to greater day-time activity and
foraging during this season (Lourens and Nel 1990). Our re-
sults indicate that mate association or competition may be
some of the costliest activities in an environment with low
predation pressure.

Greater low-cost vigilance was observed during the pre-
focal (at the start of observation sessions, before the follow)
compared to post-focals. Other studies have indeed reported
that time of day or night changes in vigilance patterns can be
attributed to predation risk in birds, in areas where predation
risk is evident (McNamara and Houston 1986), and in marsu-
pials, in areas where predation risk is not evident e.g. quokkas
(Setonix brachyurus, Blumstein et al. 2001). At our study site,
large predators are absent, and jackals and caracals are perse-
cuted in the surrounding areas, therefore presence is extremely
rare. This implies that the observed increased vigilance early
in the night may be related to fox cautiousness towards ob-
servers. Both high- and low-cost observer-directed vigilance
was greater during the pre-focal than the post-focal, indicating
that our initial presence certainly had an effect on foxes. The
presence of observers close to habituated animals is said to be
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neither positive nor negative, but studies have highlighted that
observer effects may indeed occur, albeit subtle and difficult
to detect (McDougall 2012; Nowak et al. 2014). Therefore,
the general increase in low-cost vigilance observed in pre-
follow focals may have been an artifact of our presence, as
foxes may have been generally wary in our presence initially
and subsequently relaxed with time (McDougall 2012).
Previous studies have demonstrated that the presence of ob-
servers on habituated animals may or may not directly alter the
behaviors being assessed (Crofoot et al. 2010; McDougall
2012), and this is something that should be considered when
interpreting the results from this study.

In conclusion, our study reveals that in areas with low
predation pressure, vigilance behavior is concentrated towards
low-cost vigilance, with the use of high-cost vigilance under
certain conditions. This study demonstrates that vigilance can
indeed be investigated in habituated animals, but that care
must be taken to ensure that data collection commences at a
point when animals are fully relaxed around human observers.
Previous studies have demonstrated that species can retain
appropriate anti-predator behaviors long after the loss of pred-
ators from an ecosystem (Blumstein 2006), and thus vigilance
is unlikely to be completely lost in an environment with low
(but possible) predation risk. Mesocarnivores (and prey in
general), in areas of low predation risk, may retain responses
to certain cues of risk, but may adapt behaviors to reduce the
associated costs. Future studies should aim to assess the use of
high- and low-cost vigilance for foxes in areas with greater
predation risk to assess whether the partitioning of time to
each type of vigilance differs from this study, and evaluate
how high- and low-cost vigilance may vary with spatio-
temporal factors. We conclude that the drivers of vigilance
in areas with low predation risk may be more related to factors
other than predation risk, such as the presence of conspecifics
and observers, but that foxes may still respond to certain cues
of predation risk.
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