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Many large carnivores are attracted to anthropogenic sites, typically because they offer easy
access to anthropogenic resources such as garbage. Such behaviour could lead to increased
contacts between people and carnivores, with the potential for escalated conflicts. Within
protected areas, carnivores experience limited risks of visiting anthropogenic sites. However,
conflict could still arise, so that it is important to evaluate the drivers for visitation within
protected areas. We tested how age, sex and social rank influenced seasonal visitation rates by
spotted hyeanas (Crocuta crocuta) at two sites with elevated human activity and infrastructure
within the Kruger National Park, South Africa. Social rank did not influence visitation rates, and
differences among age classes did not correspond to differences in abilities to procure native
food. Instead, juveniles had higher visitation rates than older individuals, but only during the
wet season. Visitation rates were not consistently higher during the dry season, nor was there
more pronounced differences between age classes in the dry season. Our results suggest the
anthropogenic sites were visited as part of exploratory behaviour coupled with occasional
rewards. Our study also showed a large individual variation in tendencies towards visiting
anthropogenic sites, but only for younger animals. We call for further studies quantifying
individual variation in tendencies to visit anthropogenic sites, and argue that deterrents and
limitations in rewards of visiting anthropogenic sites may be efficient in preventing human-
hyaena conflict within the Kruger National Park.
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Introduction

Generalist mesocarnivores and omnivores frequently visit sites of high human activity
(anthropogenic sites), typically because of easy access to anthropogenic resources such as waste,
shelter or water (Bateman and Fleming 2012). Such close coexistence between humans and
carnivores may lead to conflict (Madden 2004), for instance related to increased carnivore
damages to proparty and live-stock (Treves and Karanth 2003) but also related to direct attacks to
humans (Penteriani et al. 2016). Many studies have focused on carnivore visits at anthropogenic
sites outside protected areas (Fedriani et al. 2001; Holmern et al. 2007; Abay et al. 2010; Yirga et
al. 2015). However, anthropogenic environments may also occur on protectad land, where
persecution is often lower relative to on unprotected land (e.g., Swanepoel et al. 2015). Yet,
conflict between carnivores and human interests may still increase inside protected areas if
carnivores start to become more active around human settlements. This is particularly true for
large carnivores, which may present a direct safety risk for humans (Penteriani et al. 2017).
Understanding the motivations for visiting anthropogenic sites is beneficial for designing optimal
management strategies for minimizing conflict, particularly since there may also be benefits in
having wildlife visit anthropogenic sites related to increased opportunities for close observations
by tourists.

The spotted hyaena (Crocuta crocuta), is a large group living carnivore which is often
persecuted outside of protected areas (Holmern et al. 2007). Spotted hyaenas both hunt and
scavenge for native food (Hayward 2006). They also visit anthropogenic sites (Kolowski and
Holekamp 2008; Abay et al. 2010; Yirga et al. 2010; Yirga et al. 2015), although they do not always
seem do so to directly access anthropogenic resources (Belton et al. 2016). However, in a recent
study, Belton et al. (2018a) suggested that there may be a large individual variation in the
utilization of resources associated with anthropogenic sites. Spotted hyaenas live in social groups
(clans), which follow a strictly matriarchal structure being dominated by a dominant female
followed by a linear hierarchy in the rank of other females and their sub-adult offspring (Kruuk
1972; Frank 1986). Males disperse between the ages of two and six (Holekamp and Dloniak 2010),
and immigrant males follow a linear hierarchy which is below all females and their offspring (East
and Hofer 2001). Within this male hierarchy dominance is based on tenure. In this study, we
investigated visitation rates at anthropogenic sites by spotted hyaenas of different sex, age and
rank in the Kruger National Park (KNP), South Africa, and if there was a seasonal variation in
visitation rates.

Methods

The KNP is situated in the north eastern corner of South Africa and covers almost 20,000 km?. Our
study focused on two sites, the Skukuza tourist camp and staff village (31°35'34.323"E,
24°59'43.625"S) and the Afsaal picnic site (31°32'0.15"E, 25°17'24.217"S). Both sites lie in the
southern section of the KNP (Fig. 1). Southern KNP falls within the lowveld bioregion (Mucina and
Rutherford 2006). Vegetation is dominated by Clerocarya caffra and Senegalia nigrescens, with
Combretum species being dominant on granite based soils. Rainfall is seasonal with the majority
falling between October and March, with a peak in January and February (Venter et al. 2003). KNP
hosts a diverse array of herbivorous and carnivorous mammals (Belton et al. 2018a).

We conducted the study between May 2007 and December 2009 on two spotted hyaena
clans, one inhabiting the area surrounding Skukuza (SK) and one the area around Afsaal (AF). We
defined data from October through March as having been collected during the wet season and
data from April through September to have been collected during the dry season (Venter et al.
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2003). The SK clan had free access to the unfenced staff village consisting of 250 houses, an
enclosed staff compound, a golf course, a shop, communal areas, as well as administrative
buildings beside an enclosed area with tourist accommodation (Belton et al. 2016). The staff area
combined with the rest camp covers 4.3 km? and houses approximately 2300 staff (Foxcroft et al.
2008). Fences around both individual houses and the compound prevented easy access to
household rubbish bins. However, rubbish bins in communal areas and larger waste collection
sites were unfenced. The number of larger waste collection sites varied over time, although the
site that was used to dispose of restaurant scraps was permanently in place. Open gates and
damaged fencing also allowed for opportunistic access to other rubbish bins. SK hyaenas also had
access to the unfenced car park of a picnic site which contained rubbish bins and they were able to
walk along the perimeter fence of the tourist rest camp. The Afsaal picnic site consists of a shop, a
cafeteria and a picnic area, all of which are unfenced, with an adjoining fenced residence typically
housing four to five staff. However, levels of human activity are substantially lower than in the
Skukuza complex (Belton et al. 2018a). Permanent water sources exist in the vicinity of both sites.
Visitors are required to return to a camp or leave the park by a specific time that varies
throughout the year to coincide with sunset, and members of staff do not walk in unfenced areas
after dark. Animals were therefore able to visit unfenced anthropogenic areas after dark with
minimal disturbance.

We observed clans at communal den sites adjacent to the anthropogenic sites to assess clan
size and composition, as well as to record the sex, age and social rank of each animal (Belton et al.
2018b). These observations were conducted throughout the study period and augmented with
observations of the clans whenever they were encountered opportunistically (Belton et al. 2018b).
All individuals in both clans were individually recognizable by their unique spot patterns and each
individual was sexed based on the shape of the phallic glands (Frank et al. 1990). Animals were
categorised into four age classes: juvenile (< 14 months), sub-adult (14-24 months), young adult
(25-48 months) and adult (> 48 months). For animals with unknown birth dates we based age
estimations on pelage and size, which were confirmed retrospectively by comparing photos of
animals with unknown age to those with a known birth date (Belton et al. 2018b). We used the
average weaning age recorded for east African spotted hyaenas, 14 months (Holekamp et al. 1996,
Boydston et al. 2005). We classed juveniles and sub-adults separately to facilitate an evaluation of
any effects of lactation on visitation rates. Since spotted hyaenas are born at a natal den and
typically move to a communal den at an age of 0-4 weeks (Holekamp et al. 1997), our age
estimates of birth dates are accurate to within a month. Rank was defined from the outcomes of
dyadic interactions and leg lifting during ritualised greeting displays (Belton et al. 2018b). Females
and natal males (juveniles, sub-adults and young adults) were classed as high or low ranked
(Kolowski and Holekamp 2008). We assigned all males past dispersal age (i.e. adults) to a separate
immigrant class which we regarded to be subordinate to all females and natal males. We excluded
any juveniles that we only observed at the communal den from the rank estimations, as well as
any individuals that were never sighted at the communal den or were only recorded once within
each home range. In both clans twenty animals moved between age groups, whilst no animals
were observed to move between the broad rank categories high and low.

We recorded visitation from direct observations at either the Skukuza rest camp or the
Afsaal picnic site. Observations were made with the aid of hand-held spot-lights. The data were
restricted to the presence or absence of each clan member at each observation session, since
dense vegetation in Skukuza and the layout of Afsaal did not allow us to reliably record times of
arrival or departure, or to make detailed and meaningful observations of individual behaviour. We
conducted 24 observation sessions in Skukuza between September 2007- December 2009 (16 in
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the wet and 8 in the dry season) and 21 observation sessions in Afsaal between June 2008 -
September 2009 (16 in the wet and 5 in the dry season). To allow for temporal independence
between observations we allowed a minimum of one week between each observation period at
each site. Although this probably is a larger time interval than what can be regarded as
independent sampling based on hyaena movement patterns (e.g., Belton et al. 2016), we
preferred to keep this long interval between our observation to ensure that we did not included
any temporal dependencies in our data. At Skukuza, a 400 meter section of the camp fence
perimeter adjacent to a camping area was selected for observation. We selected this site since the
complex structure of the village prevented us from monitoring the whole area. Anecdotal
observations suggested that hyaenas that we opportunistically observed throughout the Skukuza
village all utilized this site. We therefore argue that observations at this site provide a
representative sample of hyaena activity within Skukuza. In Afsaal, we simultaneously monitored
the picnic site and staff residences. Observations in Skukuza lasted for two hours, beginning 30
minutes after the closing of rest camp gates at sunset. This was chosen to coincide with visitors
having returned to the camp and beginning to prepare food. Observations in Afsaal commenced at
dusk but only continued for one hour due to logistic constraints. At each observation session, all
animals observed were recorded as present. Data from a pilot study suggested that animals
mainly used these sites at dusk. In addition, we repeatedly visited the Afsaal site during other
times of the night, but none of these visits revealed other animals at the site than those recorded
at dusk. Therefore, we believe that our observation periods gave a representative sample of
visitation at each site, despite the different observation times. On three occasions individuals were
seen at the Skukuza site but could not be identified with any certainty. These individuals were not
included in the analysis.

The probabilities that individual animals were present at anthropogenic sites were analysed
using a generalised linear mixed model (glmm) with a binomial error structure and logit link
function. The model used the proportion of observation nights for which a given individual was
present at the anthropogenic resource site as the response variable. We opted for this linear
modelling approach because it intrinsically estimates effects of our predictors on the probability of
presence (McCullagh and Nelder 1989), as well as allow for the control of our interdependence
structure caused by animals shifting age groups and also reside in the same clan (Zuur et al. 2009).
We calculated this proportion as the number of observation nights a given clan member was
observed at a resource site divided by the total number of possible nights that individual could
have been at the resource. Total number of possible observation nights was defined as all
observation events during which an animal was confirmed as alive and a clan member of a specific
age or rank category. An animal was defined as dead or dispersed if it had not been seen for a
minimum of three months before the end of the study, but we used the last date it was observed
alive to define its clan membership. Rank, sex, age, and season were included as categorical fixed
effects, as well as two way interactions between season and rank, sex and age. We included
individual nested within clan as a random effect structure. Since clan identity and site were
completely confounded we did not include site in our model. We regard this as appropriate since
we were primarily focusing the analyses on contrasts between age, sex and rank classes, and
regarded the clans to be our independent unit of observation. Any additional variation between
sites would then only increase the variance around these estimates, which justifies the inclusion of
clan as a random term. Fixed terms were evaluated using sequential likelihood ratio tests (Pawitan
2013), which is more reliable than Wald statistics for limited sample sizes (Agresti 2007). We
followed an analogue to a type Il sum of squares approach, in which a model including a specific
term was evaluated against a candidate model containing all other terms at the same level of
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complexity (Hector et al. 2010). Multiple comparisons of means were carried out using pair wise
contrasts on predicted marginal means with the alpha error adjusted for multiple comparisons
following Benjamini and Hochberg (1995). Following Fisher (1935), threshold for statistical
significance was set to p=0.05. Statistical analyses were conducted using R version 3.4.4 for Linux
(http://www.r-project.org), and the user contributed packages Ime4 (version 1.1-7; Bates et al.
2015) and Ismeans (Lenth 2016).

Results

In total, we identified 29 individual animals in the SK and 25 in the AF clan (Table 1). At SK we
recorded visits of 16 of the 29 individuals at anthropogenic resource sites (10 during the wet and
14 during the dry season), and visits of 9 of 25 individuals at AF (7 during the wet and 5 during the
dry season). At SK we recorded an average of 2.6 (+ 1 sd = 1.6) animals per observation night
during the wet and 2.4 (+ = 1.6) during the dry season. Corresponding values at AF were 1.1 (+ =
1.7) and 2.8 (+ = 2.5) animals per observation night for the wet and dry season, respectively. We
did not observe any individuals that we clearly identified to not have been from the resident clans,
although three individuals were observed at SK that could be identified with certainty.

There was a significant interaction effect of age and season on the probability that
individual clan members would visit anthropogenic resource sites (x* = 7.94, df = 3, P = 0.05), but
no significant interactions between season and either sex (x? = 2.28, df = 1, P = 0.13) or rank (x* =
0.10, df = 2, P = 0.95). There were no significant main effects of either sex (x*=1.81,df =1,P =
0.18) or rank (x* = 1.13, df = 1, P = 0.57) on visitation probabilities. There was a significant higher
mean probability that for juveniles to visit anthropogenic resource sites than young adults during
the wet season (Table 2), and there were tendencies for both juveniles and sub-adults to have
higher probabilities to visit anthropogenic resource sites than young adults and adults (Fig. 2). For
both juveniles and sub-adults, there appear to have been higher individual variation in visitation
probabilities than for young adults and adults (Fig. 2).

Discussion

We interpret our observations as an indication that the anthropogenic sites in the KNP were not
primarily visited by spotted hyeanas for nutritional purposes, but rather as part of exploratory
behaviour. Exploratory behaviours are usually more prevalent in young animals (Stamps and
Groothius 2010). and have previously been observed both in spotted hyaenas (Benson-Amram and
Holekamp 2012) and in other carnivores (Bekoff 1989). Such an interpretation supports parallel
studies in the KNP which have pointed to limited direct benefits from anthropogenic food (Belton
et al. 2016; Belton et al. 2018a). We found no effect of social rank on visitation probabilities at the
two anthropogenic sites, and our observations suggested that juveniles and to some extent sub-
adults had the highest probabilities of visiting the anthropogenic sites, but primarily during one
season. We therefore argue that the patterns of visitation at anthropogenic resource sites in KNP
did not follow what could be predicted based on age and rank related ability to hunt and procure
food. In addition, we did not find any seasonal differences in the visitation rates of animals of
contrasting sex, age and rank classes, which lends further support to a limited nutritional
motivation for the visits.

Since our results suggest that spotted hyaenas may not have visited these sites because of
any nutritional need for alternative food, we suggest that increasing the perceived risk of
visitation, coupled with a removal of any occasional rewards may be effective in miniminzing
conflict associated with hyaena visits. Several mechanisms have been suggested for such deterrent
effects, ranging from sensory deterrents to technologically advanced methods of real time virtual
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fences (Jachowski et al. 2014). Strict garbage control and strict enforcement of appropriate visitor
behaviour could be efficient in minimizing potential rewards. We suggest that ethical and efficient
mechanisms are developed for the KNP, as these likely will be efficient in preventing conflict
between hyaenas and people inside the park.

We recognise several potential limitations with our study. We only recorded visitation to
the general areas surrounding the anthropogenic resource sites, and not directly the presence at
specific locations of access to anthropogenic resources (e.g., garbage bins). However, we do not
believe this shortcoming to have been serious. Our monitoring of the general area of the
anthropogenic sites is likely to have given a representative overview of which animals that were
present at these sites, although we acknowledge that it may have been difficult to draw firm
conclusions from our data regarding the motivation for the visits. We also used two sites with
large variation in human activity and infrastructure (Belton et al. 2018a,b). Such variation could
obviously have influenced the relative tendencies between animals of different sex, rank and age
towards visiting anthropogenic sites, and also the constellation of social groups at potential visits.
However, the amount of human infrastructure and activity did not appear to have influenced the
incorporation of anthropogenic material in spotted hyaena diets (Belton et al. 2018a). Finally, we
acknowledge that our study was conducted on only two clans, and hence that our statistical power
was low. We therefore encourage further studies that manage to simultaneously observe multiple
clans and how they respond to anthropogenic alterations to the environment.

To conclude, our study at two anthropogenic resource sites in Kruger National Park, South
Africa, did not suggest that hyaenas visited these sites in relation to rank and sex specific ability to
procure food. Instead, anthropogenic sites were visited primarily by juveniles and sub-young
adults, who were not yet independent from their mothers. We interpret the observed visits as
part of exploratory behaviour that may have been reinforced by occasional rewards. However, our
results also point to a large individual variation in tendencies towards visiting anthropogenic sites,
but only for young animals. We call for further studies quantifying anthropogenic resource use by
large carnivores, especially studies inside of protected areas as well as studies evaluating
individual variation in tendencies towards utilization. We subsequently suggest that management
action including deterrent at anthropogenic sites coupled with limiting any occasional rewards
may provide effective methods to prevent human-hyaena conflict inside the KNP.
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Table 1 Total number of observed animals of each age, sex and rank class in the Afsaal and Skukuza hyaena clans during both seasons combined
as well as during the dry and the wet season. Some animals were only observed within a specific class for one season and some animals shifted
age classes during the study. Therefore, this table does not add up to the total of 25 and 29 identified individuals in the Afsaal and Skukuza clan,
respectively, but rather provides an indication of the total number of animals of each sex, age and rank that we based our analyses on.

Afsaal Skukuza
Immigrant Low rank High rank Immigrant Low rank High rank
Both Dry Wet Both Dry Wet Both Dry Wet Both Dry Wet Both Dry Wet Both Dry Wet

Females

Juveniles 1 1 1 5 5 0 1 1 0 2 1 1
Sub-adults 3 3 1 0 0 0 2 2 1 5 5 1
Young adults 1 1 1 2 2 2 1 1 1 5 5 5
Adults 3 3 3 4 4 3 3 3 2 5 4 4
Males

Juveniles 2 2 1 1 1 0 2 2 0 3 3 3
Sub-adults 3 3 2 0 0 0 4 4 0 4 2 3
Young adults 3 3 1 0 0] 0 2 2 2 4 4 4 3 3 2

Adults 4 4 2 4 4 4




Table 2. Results of pair wise comparisons of the proportion of time spotted hyaenas of different

age classes where observed at the anthropogenic resource sites during the dry and the wet

season. Results are based on pair wise contrasts on predicted marginal means based on a
generalized linear mixed model with a binomial error and logit link. Sample sizes for each group of

animals are given in Table 1, and ranged from 1 to 10.

Dry season Wet season

Contrast Difference? Z [ Difference? Z Pos’

Juveniles - Sub-adults -0.17 £ 0.47 0.36 0.72 1.50 = 0.82 1.83 0.13
Juveniles - Young adults 0.74 £ 0.49 1.52 0.19 2.85 +0.89 3.20 0.01
Juveniles - Adults 1.69+0.95 178 0.15 240+ 121 1.98 0.13
Sub-adults - Young adults 0.91+047 193 0.15 1.35+0.88 1.54  0.19
Sub-adults - Adults 1.86 +0.95 197 0.15 0.90 = 1.21 0.75 0.55
Young adults - Adults 0.95 + 0.94 1.01 0.37 -0.45 £ 1.01 0.44 0.66

?Differences are given on a logit scale = 1 SE

The alpha error was adjusted for multiple comparisons by controlling for the false discovery rate

(Benjamini and Hochberg 1995)
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Figure 1. Location of the Kruger National Park within South Africa, the locations of the dens were
the spotted hyaena clans in the vicinity of Afsaal (AF) rest camp and Skukuza (SK) village were
observed, as well as the location and relative sizes of the villages and rest camps in the southern
section of the Kruger National Park.
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Figure 2. Percentage of nights spotted hyaenas of different age classes that were observed to visit
two anthropogenic resource sites during the dry and the wet season in the Kruger National Park,
South Africa. The percentages were based on number of observation events an animal was
observed at a resource site divided by the total number of observation events that each individual
could have been observed as a member of that age and rank class. The figure presents mean + SE.
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