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Introduction

Abstract

Camera traps and radio-tags are both frequently and widely used sampling
methods for deriving wildlife activity patterns. While radio-tags continuously
monitor a limited number of tagged individuals, camera traps have the poten-
tial to monitor all population members, albeit from spatially restricted, fixed
points. Such differences might result in differing activity pattern estimates
between the two sampling methods. However, few studies have compared the
activity patterns derived from simultaneously employed sampling methods, or
explored if using combinations of techniques might reveal greater insights into
activity patterns. To address this, we compared the activity patterns derived
from camera traps placed at latrines and den sites, both in combination and
separately, to those from movement rates and the activity sensor collected by
GPS collars on brown hyaena Parahyaena brunnea. The activity curve produced
by combined camera traps showed a relatively high level of overlap with those
produced by the movement rates and activity sensor; 0.88 (95% CI’s 0.87-0.89)
and 0.85 (95% CI’s 0.83-0.86) respectively. However, camera traps reflected
higher levels of activity from 00:00 to 06:00, than the radio-tag methods, with
data from den sites alone producing this higher level of activity. The results
suggest that although hyaenas were active during the 00:00 to 06:00 period, they
were so mainly at small, localized den sites, which reflected as lower levels of
activity as derived by movement rates and activity sensors. Although our results
reflect data from a single species and season, they illustrate the value of using a
combination of techniques to disentangle complex behavioural activity patterns.

changing activity patterns in response to human presence
(Ordiz et al. 2017; Gaynor et al. 2018), hunting pressure

The activity patterns of wildlife result from both internal
biological rhythms and adaptations to daily and seasonal
variations in environmental factors (Kolowoski et al.
2007; Ordiz et al. 2017). These patterns develop in order
for individuals to most efficiently exploit their environ-
ment whilst simultaneously decreasing potential risks,
such as direct encounters with potential predators or
dominant competitors (Kitchen et al. 2000). Document-
ing activity patterns has important implications for
understanding niche theory, community assemblages and
animal behaviour (Frey et al. 2017). Additionally, such
knowledge can inform conservation management deci-

sions; a number of studies have recorded wildlife

(Kitchen et al. 2000; van Doormaal et al. 2015) and the
reintroduction of predators on the diel patterns of prey
species (Tambling et al. 2015). Such shifts in activity pat-
terns may be detrimental as they may leave the animal
unable to utilize a spatial or temporal resource to its full
potential (Kitchen et al. 2000).

Camera traps are now a well-established and widely
utilized sampling method in the field of ecology, with sev-
eral hundred published studies per year using them
(Wearn and Glover-Kapfer 2019). The timestamps of
camera trap records represent the timing of occurrences
of wildlife in points in space, resulting in fine-scale tem-
poral data which can be used to describe activity patterns

© 2020 The Authors. Remote Sensing in Ecology and Conservation published by John Wiley & Sons Ltd. 1
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



Camera Trap, Radio-Tag Activity Pattern Comparison

(Frey et al. 2017; Sollmann 2018). Recent analytical
advances regarding the analysis of circular data collected
by camera traps (e.g. Ridout and Linkie 2009; Rowcliffe
et al. 2014) have significantly improved the level of detail
which can be gained from camera traps regarding activity
patterns beyond grouping observations into discrete cate-
gories (Frey et al. 2017). Such advances have resulted in a
large number of studies using camera traps for recording
the activity patterns of a range of species; warthog Phaco-
choerus africanus, kudu Tragelaphus strepsiceros, buffalo
Syncerus caffer and elephant Loxodonta africana (Tambling
et al. 2015), Asian wild cat species (Lynam et al. 2013),
jaguar Panthera onca and puma Puma concolor (Foster
et al. 2013) and several mammalian species in Jordan
(Edwards et al. 2017).

The technological advances in radio-tags have simultane-
ously allowed for an alternative sampling method for con-
structing activity patterns from long-term and continuous
time periods for a range of species. Calculating distances
between consecutive spatial data points collected by radio-
tags gives a measure of the movement rates of individuals
throughout the day, which can then be used to describe
activity patterns (e.g. Ordiz et al. 2017; Henderson et al.
2018). However, movement rates are calculated using the
straight line, rather than actual, distance between points
and therefore likely under sample real movement rates and
are impacted by missed spatial data points (Brown et al.
2012). Alternatively, many modern global position satellite
(GPS) collars and tags house a motion sensor or accelerom-
eter which are constantly measuring the activity of the
tagged animal independent from its spatial data (Ungar
et al. 2005; Berger et al. 2013). Both motion sensors and
accelerometers measure behaviour at a high temporal reso-
lution and have been found to produce results comparable
to direct observation (Brown et al. 2013). Such data often
allows a finer-scale representation of activity patterns than
other methods (Zhang et al. 2015). Studies using
accelerometer and motion sensors are becoming increas-
ingly frequent in the literature, and advances in the tech-
nology are now allowing even small bodied (<100 g)
species to be monitored (Hammond et al. 2016).

Differences in the activity patterns constructed using
camera trap and radio-tags might be expected due to a
number of factors, including the section of the target
population they represent. Camera traps have the poten-
tial to collect temporal data from the entire population
within a restricted and fixed area, whereas each radio-tag
collects data from a specific individual throughout its
home range and thus can be considered a more complete
description of individual activity (Frey et al. 2017).
Depending on the camera trap set-up employed, that is,
baited, at resources such as water, etc, temporal data may
reflect the timing of specific behaviours such as foraging

S. Edwards et al.

(Lashley et al. 2018), or be influenced by the presence of
competitor species (Edwards et al. 2014). Furthermore,
the probability of detecting a species may be influenced
by a number of factors including camera trap placement
(Mann et al. 2014; Edwards et al. 2016; Kolowski and
Forrester 2017), body size (Randler and Kalb 2018) and
ambient temperature at the study site (Rovero et al.
2014). In contrast, individual variation in diel patterns
has previously been recorded for a number of species
(Thompson et al. 1989; Kolowoski et al. 2007; Hertel
et al. 2017), and may confound inferences made regarding
activity patterns derived from a low number of radio-
tagged individuals.

Despite the potential for differences in activity patterns
derived from radio-tags and camera traps, few studies
have made such comparisons (Frey et al. 2017, but see
Lashley et al. 2018). To help fill this data gap, we com-
pared activity curves and circular datasets produced for
brown hyaena Parahyaena brunnea, using three sampling
methods applied simultaneously; (1) camera traps placed
at latrines and dens, both separately and in combination,
(2) straight line distances travelled between consecutive
spatial data points from GPS collars, referred to as move-
ment rates, and (3) the motion sensor within GPS collars,
referred to as activity sensor. Both activity sensor and
movement rates were compared as the two methods mea-
sure activity in a different way; activity sensors measure
movement of the collar/animal and may therefore include
activity such as feeding or grooming. In contrast, move-
ment rates correspond only to when the animal is travel-
ling within its environment. We firstly asked if camera
traps can be used as an accurate method for estimating
activity patterns, and, secondly if deriving activity patterns
from a variety of sampling methods can give greater
insights into species ecology. Given that brown hyaena of
both sexes have been recorded as regularly visiting latri-
nes, and latrines being scattered throughout the territory
(Mills 1990), it was hypothesized activity patterns derived
from latrine camera trap data would show high overlap
with those derived from movement rates and the activity
sensor. However, den camera traps, which are likely to
reflect activity at a small, localized area, would show dif-
ferences to the activity curves produced by movement
rates and activity sensors.

Materials and Methods

Study site

The study took place on the Okonjima Nature Reserve
(ONR), a privately owned 200 km? nature reserve, located
approximately 50 km south of Otjiwarongo, north-central
Namibia. The reserve receives an average annual rainfall
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of 450 mm, which falls during the hot wet season from
October to March. The vegetation is predominantly tree
and scrub savannah, interspersed with silver Terminalia
Terminalia sericea and several Acacia species. The ONR is
fully enclosed by an electrified perimeter fence, erected in
2010, which is impenetrable to brown hyaena (Edwards
et al. 2019), however, brown hyaenas do not preferentially
select for areas adjacent to the fence line (Edwards et al.
2020). Tourism lodges and staff housing are situated in
the south-east section of the reserve, and the 20 km” sur-
rounding these buildings is also enclosed with an electric
wildlife proof fence, resulting in a total of approximately
180 km”> of the ONR over which a variety of wildlife
occur. The brown hyaena population was recently esti-
mated to occur at a density of 24.01 brown hyaena/
100 km?, the highest density recorded throughout its dis-
tribution (Edwards et al. 2019).

Camera traps

During the 60-day survey period, which ran from 3 July
2019 to 1 September 2019, a total of 32 brown hyaena
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latrines were monitored by camera trap as a sampling
method for collecting temporal data (Fig. 1). Latrines
were monitored in two of the brown hyaena clan home
ranges, as part of an ongoing larger study (Edwards et al.
in prep), hence the non-uniform coverage of the ONR.
Brown hyaena latrines, collections of faeces at which mul-
tiple individuals visit to scent mark and gather olfactory
information (Mills 1990) represent predictable areas of
brown hyaena activity. Although latrine cameras are likely
to reflect activity curves relating to when individuals are
performing territorial behaviours, this approach was cho-
sen for comparison as it is a common method for survey-
ing brown hyaenas and is known to result in higher
detection rates than cameras placed along roads (Edwards
et al. 2019). Latrines were located by driving roads within
the study site, and were mostly found at conspicuous
landmarks such as next to roads, especially at cross roads,
river-road junctions and at entrance gates. Monitored
latrines were distributed with a mean nearest neighbour
distance of 1.11 km (£0.82 km, range 0.79 km-2.35 km).
Latrines with the highest number of faeces, which also
gave a uniform spatial distribution across the home range

2.5 0 2.5 5 7.5 10 km
I TN 0O T
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O Camera trap at den
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Figure 1. Locations of camera traps for brown hyaena latrine and den monitoring on ONR.
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were chosen for monitoring, based on the assumption of
a positive relationship between the number of faeces and
the frequency of visits to latrines. Each latrine was moni-
tored by a single Cuddeback X-change 11339 infra-red
camera trap (Non Typical Inc., Wisconsin, USA), housed
in a ‘Cuddesafe’ protective housing.

During the same 60-day survey period, five communal
den sites were monitored by camera trap. Brown hyaenas
utilize two types of dens; natal dens are those used only
by the mother at which to give birth and raise the young
for the first 3 months of their lives, and communal dens.
Communal den sites are used by all clan members and
cubs are brought there around 3 months of age (Mills
1990). Dens were located by plotting brown hyaena GPS
data in QGIS 2.8.4 Wien (Quantum GIS Development
Team 2005), and connecting consecutive GPS points by
lines, using the ‘Points to path’ function. When points
and lines are plotted in this way, dens reliably show up at
clusters of points, with movement lines from all direc-
tions centering on the den site (Wiesel et al. 2019). Cam-
era traps were focused on the main den burrow entrance
at a distance of approximately two meters from the
entrance. Only photographs showing adult individuals
were included for analysis to be comparable to the latrine
dataset which only contained adult individuals, and the
GPS collar dataset which also only included adult individ-
uals.

Camera traps were mounted approximately 50 m from
the ground on a metal pole, and programmed to take five
photos per trigger, with no delay between triggers and a
photo quality of 20 mega-pixel. To produce activity
curves, camera trap images of brown hyaenas at the latri-
nes were first individually identified using the unique
front leg stripe patterns by the lead author, and then
classed into independent events using a criterion of a
minimum of 30 min between consecutive photographs of
the same individual. At the dens, adults often stayed for
prolonged periods of time (maximum time 5 h 28 min),
and thus to try and ensure time stamps were temporally
independent, a random sub-sample of 50% of the records
from each den were selected and included in the analysis
The time stamps of independent events were then used to
produce activity curves.

GPS collars

During the study period, spatial datasets from five adult
brown hyaena were available. These individuals consisted
of one male and four females, which had been collared
prior to the study period (Table 1), as part of an ongoing
study. Brown hyaenas were either free darted (n = 5) or
captured within a large (approx. 2 x 3 m) wire box trap
internally lined with industrial grade conveyor belt rubber
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Table 1. Summary of brown hyaenas monitored on Okonjima Nature
Reserve.

D Sex Monitoring start date
OHBO4 Female 1 July 2019

OHBO5 Male 3 July 2019

OHBO6 Female 12 March 2019
OHB10 Female 14 November 2018
OHB11 Female 11 June 2019

to ensure hyaenas could not damage their teeth or foot
pads by biting or digging at the wire (n = 1). The box
trap was monitored with a live-feed camera and fitted
with a remotely triggered door which ensured the capture
team was able to dart the hyaena in less than 45 min after
closing the door, minimizing stress on the animal. Brown
hyaenas were darted using a Pneudart projector, using an
average weight of 50 kg per animal for dose calculation.
A combination of Ketamine (Intersana, Windhoek,
Namibia) 125 mg, Medetomidine 2.50 mg (Kyron Labo-
ratories, Johannesburg, RSA); Butorphanol 12.50 mg
(Kyron Laboratories, Johannesburg, RSA) was used. If
sedation was not deep enough, Ketamine at a dose of
0.50 mg/kg (approx. 20-25 mg) was intravenously
injected via the saphenous vein. A minimum time lapse
of 45 min was used before the antidote ‘Antisedan’ (Zoe-
tis, Sandton, RSA) was given, at dose of 2.50 mg intra-
venously and 5 mg intramuscularly, and ‘Trexonil’ at
12.50 mg intravenously and 25 mg intramuscularly
(Wildlife Pharmaceuticals, White River, RSA). Hyaenas
were monitored using Wireless Wildlife (Potchefstroom,
RSA) GPS collars, scheduled to take one fix per hour dur-
ing the 24-h period. Data were remotely transferred via
ultra-high frequency (UHF) connection base stations and
repeaters.

Movement rates

Movement rates were used as a proxy for activity, based
on the assumption of larger distances travelled equating
to higher levels of activity throughout the diel period.
Euclidean distances between consecutive spatial data
points were calculated using the ‘geosphere’ package (Hij-
mans 2017) in statistical program R (R Core Develop-
ment Team 2014). Such distances represent the minimum
distances travelled between consecutive points rather than
actual distances. Distances travelled were pooled over all
individuals and the mean distance travelled per hour per-
iod calculated. The mean distances travelled were then
converted into a continuous variable over a 24 time-pe-
riod following (Lashley et al. 2018), where, if, for exam-
ple, a mean distance of 350 m was calculated for the
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period 03:00-04:00, 350 randomly distributed times
between 03:00 and 04:00 were produced. This method
allows the data to be continuous, but still representative
of the observed activity curves based on motion sensor
data (Lashley et al. 2018).

Activity sensor

The GPS collars contained a motion sensor, an omnidi-
rectional tilt and vibration sensor, used to monitor the
movement of the collar/animal. The sensor acts as a
switch which chatters open and closed as it is tilted or
vibrated, and is connected directly to one of the collar’s
central processing units and thus motion results in a
higher count rate over a specified time period (O’Brien
et al. 2013). To estimate activity curves, activity counts
were pooled over all individuals and the mean count per
hour period calculated. As with movement rates, the
activity counts per hour throughout the 24-h period were
pooled for all individuals and the mean activity count per
hour calculated. Mean activity counts were then con-
verted into a continuous variable following Lashley et al.
(2018).

Data analysis

The package ‘overlap’ (Ridout and Linkie 2009) in statis-
tical program R (R Core Development Team 2014) was
used to non-parametrically estimate and plot the proba-
bility function of the distribution for each sampling
method, plus a dataset which combined all camera trap
(den and latrine) records, producing a visual representa-
tion of the activity pattern, referred to as the ‘activity
curve’. Here, events (time stamps from camera traps and
the randomly distributed times produced from the dis-
tances travelled per hour and activity counts data), were
viewed as a random sample taken from an underlying
continuous temporal distribution, describing the proba-
bility of an event occurring at any given time (Ridout
and Linkie 2009). The package was also used to calculate
coefficients of overlap between the activity curves pro-
duced by each sampling method, using estimator A, a
continuous variable between 0 and 1, where 0 indicates
no overlap, and 1 indicates total overlap. The coefficient
is defined as the area under the curve formed by taking
the minimum of each density function of the two com-
pared cycles at each time point (Monterroso et al. 2014).
Confidence intervals for coefficients of overlap were cal-
culated using 1000 bootstraps.

To statistically test for significant differences in the cir-
cular data produced by each sampling method, Watson’s
U? statistic was applied using package ‘Circstats’ (Lund
and Agostinelli 2018), to test the null hypothesis of the
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two samples coming from the same distribution. Descrip-
tive statistics, such as the mean vector, were deemed
unsuitable for the data produced, which showed bimodal
activity peaks. For such data, Frey et al. (2017) noted the
mean vector is likely to fall between the two peaks and
therefore not biologically relevant.

Results

During the study period a total of 1878 camera trap
nights were achieved by the latrine camera traps, with 586
independent brown hyaena events recorded, equating to a
detection success of 0.31 events per trapping night. At the
five dens a total of 300 camera trap nights were achieved,
over which a total of 11121 photos of brown hyaenas
were recorded. When taking a random sub-sample of
50% of these images, a total of 5560 images were used for
analysis to try and ensure temporal independence. There-
fore, 6146 camera traps images were included in the anal-
ysis. A total of 7200 spatial data points were collected
from the five brown hyaena, and when converted into a
continuous dataset, 14802 randomly distributed times
were produced for movement rate dataset and 18 204
produced for the activity sensor dataset.

The density probability plots from all sampling meth-
ods showed brown hyaenas exhibited mainly nocturnal
activity, with activity peaks around 23:00 for the activity
and movement data sets and bimodal peaks at approxi-
mately 23:00 and 01:00 for the combined camera traps.
The latrine camera traps showed a peak of activity around
19:00, whilst the den camera traps showed bimodal parks
at approximately 21:00 and 02:00. All sampling methods
showed activity troughs around 15:00.

The overlap plots and coefficients of overlap indicated
the activity curves produced by the movement rate and
activity sensor sampling methods had the greatest degree
of overlap with each other, with a coefficient of overlap
of 0.95 (95% CI’s 0.94-0.95) (Fig. 2). The movement rate
and combined camera traps had a coefficient of overlap
of 0.85 (95% CI's 0.83-0.86) (Fig. 2), and the activity
sensor and combined camera traps showed a coefficient
of overlap of 0.88 (95% CI’s 0.87-0.89) (Fig. 2) (Table 2).
The latrine camera traps and den camera traps showed a
coefficient of overlap of 0.83 (95% CI's 0.79-0.86)
(Fig. 2). The latrine and movement sampling methods
showed a coefficient of overlap of 0.87 (95% CI’s 0.85—
0.88), whilst the latrine and activity sensor showed a coef-
ficient of overlap of 0.84 (95% CI’s 0.84-0.88) (Fig. 2).
The den camera traps and movement sampling method
showed a coefficient of overlap of 0.86 (95% CI’s 0.85—
0.88), whilst the den camera traps and activity sensors
showed a coefficient of overlap of 0.87 (95% CI's 0.86—
0.88) (Fig. 2). The Watson’s U? test indicated significant
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Figure 2. Overlap plots of the activity curves produced by different methods, with A ranging from 0.83 (95%

Cl's 0.79-0.86) for the den and

latrine camera traps to 0.95 (95% Cl's 0.94-0.95) for the activity sensor and movement rates.

differences between all pairwise comparisons of circular
datasets (Table 2).

Discussion

With rapid advancements in wildlife monitoring technol-
ogy, researchers are left with a variety of options for esti-
mating species activity patterns. Relatively few studies
have compared the activity patterns derived from simulta-
neously employed sampling methods utilizing different
technologies (but see Lashley et al. 2018), nor explored
how wusing combinations of techniques might reveal
greater insights into activity patterns. By comparing the
activity curves produced by three sampling methods;
camera traps at latrines and dens, both separately and in
combination, movement rates and activity sensors from
GPS collars on brown hyaenas, we found the activity
curves produced by activity sensor and movement rates
showed a relatively high degree of overlap. In contrast,
combined camera traps reflected higher levels of activity
from 00:00 to 06:00 than activity sensor and movement
rate methods. When comparing the activity patterns from
den and latrine camera traps, data from den sites alone
produced the higher level of activity from 00:00 to 06:00.
The results suggest that although hyaenas were active dur-
ing the 00:00 to 06:00 period, they were so mainly at the
den sites, small localized areas, which reflected as lower
levels of activity as derived by movement rates and activ-
ity sensors. Although our results reflect data from a single
species and season, they illustrate the value of using a
combination of techniques to disentangle complex beha-
vioural activity patterns.

The activity curves produced by the combined camera
traps overlapped those produced by the activity sensor

Table 2. Summary of the coefficients of overlap and Watson's U?
statistics produced for each pairwise comparison of sampling meth-
ods.

Overlap A (95%

Sampling methods Cl's) Watson's U?
Activity sensor vs. movement rate 0.95 (0.94-0.95) 0.35
(P<0.01)
Activity sensor vs. combined 0.88 (0.87-0.89) 0.36
camera traps (P<0.01)
Movement rate vs. combined 0.85(0.83-0.86) 0.28
camera traps (P<0.01)
Latrine camera traps vs. movement 0.87 (0.85-0.88) 0.31
rate (P<0.01)
Latrine camera traps vs. activity 0.84 (0.84-0.89) 0.33
sensor (P<0.01)
Den camera traps vs. movement 0.86 (0.85-0.88) 0.29
rate (P<0.01)
Den camera traps vs. activity 0.87 (0.86-0.88) 0.30
sensor (P<0.01)

and movement rates by 0.88 (95% CI’s 0.87-0.89) and
0.85 (95% CI's 0.83-0.86) respectively, suggesting the
combined camera trap sampling method produced a rela-
tively accurate representation of activity curves. When
comparing the activity curves produced by both active
(food baited) and passive (set along game trails) camera
traps to radio-tags in a range of species, Lashley et al.
(2018) recorded overlap coefficients of 0.74 to 0.84
respectively, which were classed as relatively high. Despite
the high levels of overlap estimated for the brown hyaena
sampling methods, statistical tests indicated significant
differences between all datasets produced by the different
sampling methods. Furthermore, even an overlap coeffi-
cient of 0.95 (95% CI's 0.94-0.95) between the activity
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curves produced by the activity sensor and movement
rate sampling methods, produced a significant difference
result. Such results may rather reflect a problem associ-
ated with the p-value of significance tests when using
large sample sizes (Lin et al. 2013), in which, even very
small differences in comparison datasets may result in a
statistically significant difference. The movement rate and
activity sensor datasets consisted of 14 802 and 18 204
times respectively and hence the statistical significances
produced may not be a reflection of real differences in
the datasets.

Despite the high degree of overlap between the com-
bined camera traps with the activity sensor and move-
ment rates, overlap plots highlighted a lower degree of
activity between 00:00 and 06:00 recorded by the latter
two methods. The reason for this difference between the
sampling methods is revealed when the activity patterns
from the latrine and den camera traps are compared. The
activity pattern from the latrine camera traps follows clo-
sely that of the activity sensors and movement rates; a
lower degree of activity from 00:00 to 06:00. However,
the den camera traps show a higher level of activity for
that period. Den sites are the central point of brown
hyaena activity, and exist primarily to provide protection
for cubs for the long period adults are away foraging
(Mills 1990). At the study site, den sites typically con-
sisted of a small area (approximately 5 x 5 m), of bare
ground surrounding one or more den burrow entrances.
All clan members visit communal den sites, to socialize
and bring back food for the cubs (Mills 1990), and cam-
era trap records from the study showed adults playing
with cub and sub-adults, grooming and bringing back
food to the den sites. Therefore, as the activity at den
sites focuses around a relatively small area, both move-
ment rates and activity sensor counts are likely to be
lower than when hyaenas are travelling through the terri-
tories performing behaviours such as foraging and scent-
marking, explaining the differences seen in the activity
curves. These results suggest that using radio-tag methods
alone, that is, movement rates and activity sensor counts,
is unlikely to capture the full activity pattern of brown
hyaena.

Data from den camera traps showed bimodal peaks in
activity around 21:00 and 02:00, whereas latrine camera
traps showed a single activity peak at approximately
19:00. Such results, give insights into how the active per-
iod of brown hyaena’s diel period is constructed beha-
viourally at the study site; the first part of the night is
likely spent performing territorial behaviours related to
visiting latrines, whereas the second half is spent mainly
at communal den sites. Although relatively few data are
available on brown hyaena activity patterns, Mills (1990),
estimated for individuals in the Kalahari, approximately
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37.60% of their time was spent foraging/moving, in com-
parison to just 0.80% spent on social activities, as calcu-
lated from extended periods of directly following and
observing individuals. Furthermore, Mills (1990) sug-
gested brown hyaenas in the Kalahari were active for a
higher portion of the diel cycle than spotted hyaenas, due
to the habitat of foraging on one small item and then
moving onto the next, rather than consuming larger food
items as spotted hyaenas Crocuta crocuta do. Although
the activity patterns from this study do not reveal when
individuals might be actively foraging, it is most likely
occurring during the first part of the night, as represented
by higher movement rates and activity sensor counts. The
time spent at the dens, and therefore, the percentage of
the activity cycle spent engaged in social behaviours can-
not be calculated from our dataset; the hourly GPS posi-
tions are unsuitable for fine scale temporal calculations
and camera traps are only recording that den activity
within their field of vision, individuals spending time at
the den out of range of the camera will not be recorded.
Setting GPS collars to record spatial data and activity
counts at a higher temporal resolution, for example one
reading taken every 5 min, would enable the time spent
within the vicinity of the den to be calculated more accu-
rately and compared to other study sites such as the Kala-
hari. However, such gains in data resolution must be
weighed against the resulting decreased battery life on the
radio-tag.

Although the activity curve produced by the combined
camera traps showed relatively high levels of overlap with
the activity curves produced by the movement rates and
activity sensor sampling methods, camera traps reflected a
lower level of late morning activity (i.e. 10:00 to 12:00).
Such differences might reflect individuals moving away
from the roads, where the latrine camera traps were
located, as well as away from the communal den sites,
into more secluded areas for use as daytime resting sites
during that time. The opposite was found to be true for
spotted hyaena in Hwange National Park (Kushata et al.
2017); spotted hyaena preferred resting sites close to the
roads which was attributed to roads benefitting cursorial
predators by allowing them to move faster through an
area, and the lack of tourism activity on the roads during
the study period. In contrast, brown hyaenas are predom-
inantly scavengers (Mills 1990), and our study period
coincided with the high peak of tourism activity on ONR.
Alternatively, brown hyaenas may not rest in areas near
latrines. Mills (1990) found that whilst latrines were scat-
tered across the territory, they were more concentrated at
the borders. Brown hyaenas may choose day time resting
sites away from the territory border as a means of reduc-
ing potentially aggressive encounters with neighbouring
clan members and if true, this could explain the lack of
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late morning activity detected by camera traps. Addition-
ally, within the study site communal den sites are rarely
used as daytime resting sites (Edwards et al. in prep),
although the reasons for this are unclear.

One limitation of our dataset is the female bias of indi-
viduals monitored with GPS collars. Four of the five
monitored individuals were female, whereas the moni-
tored male was a nomadic individual; no clan males were
monitored during the study period. In contrast, the cam-
era traps, having the potential to record all members of
the population, undoubtedly recorded a higher propor-
tion of male activity. Nomadic brown hyaenas are defined
as those which move over large areas with an apparent
disregard for territory boundaries, and do not form last-
ing relationships with conspecifics (Mills 1990). During
the study period, the male, ‘OHBO05’, was not recorded
visiting the den site of any clan and thus this individual’s
activity pattern might be expected to differ from clan
individuals on the basis of having little to no social inter-
actions. Inter-sexual differences in activity patterns have
previously been detected for large carnivores; Kolowski
et al. (2007) found differences between the activity pat-
terns and movement rates of male and female spotted
hyaena with males tending to be more active than
females, and more recently Havmeller et al. (2020),
detected sexual segregation in the activity patterns of
leopard Panthera pardus, with male leopards being more
nocturnal than females. A larger sample of GPS moni-
tored brown hyaenas, with a more equal ratio of male to
female, would be needed to try and ascertain if differences
between camera trap and GPS collar derived activity pat-
terns might also be resulting from inter-sexual differences
in activity patterns.

Placing camera traps along roads, is a frequently used
method for surveying large carnivores; tiger Panthera
tigris (Lynam et al. 2009), leopard Panthera pardus
(Chapman and Balme 2010) and puma Puma concolor
(Negroes et al. 2010), and has been found to result in a
significantly higher detection success in comparison to
off-road or random camera trap placements (Mann et al.
2014; Kolowski and Forrester 2017). Although brown
hyaena are known to use roads whilst travelling (Welch
et al. 2016), the placement of camera traps of roads
resulted in a lower detection success in comparison to
latrines at the study site (Edwards et al. 2019). Despite
the potential lower capture success rates, activity curves
derived from road camera traps may result in more accu-
rate activity curves as they are not only reflecting activity
patterns related to territorial behaviours as latrine camera
traps do. As a result, we recommend future studies
include camera traps placed along roads for comparisons
of activity patterns. However, as dens at the study site
were located away from roads (Edwards, pers. obs.), it is
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unlikely that road camera traps would capture the period
of activity between 00:00 and 06:00 detected by the den
camera traps.

Although this study focuses on a single species and sea-
son, it adds to a limited number of studies comparing
camera trap and radio-tag sampling methods for examin-
ing activity patterns of wildlife. Furthermore, it highlights
how using novel combinations of sampling methods, and
comparing the activity pattern each method produces,
can give greater insight into the activity patterns of a spe-
cies. Without including camera trap data from den sites,
the high levels of activity during the second half of the
night at den sites would have been not been revealed by
either latrine camera traps, activity sensors or movement
rates. While we advocate camera traps as a sampling
method for estimating wildlife activity curves, we note
that the influence of camera trap placement and the beha-
vioural ecology of focal species must be taken into con-
sideration when making inferences about resultant
activity patterns. We therefore recommend, where possi-
ble, combinations of methods be used for estimating spe-
cies activity curves, especially for those species which
might frequently perform social or other behaviours at
localized sites. Given the limited scope of this study,
future studies should include higher sample sizes of
radio-tagged individuals and be conducted across multiple
seasons for a range of species.
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