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Abstract
Estimating habitat occupancy is one of the methods used in assessing how large car-
nivores utilise their environment, thereby enabling conservationists to make in-
formed decisions for conservation management. We modelled spotted hyaena 
Crocuta crocuta habitat occupancy in western Zimbabwe using sixty camera stations 
in a national park, a hunting area and a private ranch. Mean occupancy of the spotted 
hyaena was ψ = 0.617, SE = 0.147 and ψ = 0.502, SE = 0.107 during the wet and dry 
seasons, respectively. Occupancy was high in clayey soils and grasslands in the na-
tional park and the safari area, a behaviour attributed to denning site preferences and 
possibly prey movement. Therefore, with changing land‐use, spotted hyaenas are 
likely to inhabit areas outside the national park as they search for food while restrict-
ing their dens to areas along grasslands that have clayey soils.

Résumé
Estimer le taux d’occupation d’un habitat est une des méthodes utilisées pour évaluer 
comment de grands carnivores utilisent leur environnement, ce qui permet aux con-
servationnistes de prendre des décisions informées en matière de gestion de la con-
servation. Nous avons modélisé le taux d’occupation de l’habitat de la hyène tachetée 
Crocuta crocuta dans l’ouest du Zimbabwe en utilisant 60 stations photographiques 
dans un parc national, une zone de chasse et un ranch privé. L’occupation moyenne 
de la hyène tachetée était ψ = 0.617, ES = 0.147 et ψ = 0.502, ES = 0.107 respective-
ment pendant les saisons des pluies et sèche. L’occupation était élevée sur les sols 
argileux et les prairies du parc national et de la zone touristique, un comportement 
attribué aux préférences en matière de sites de terriers et peut‐être aux déplace-
ments des proies. C’est pourquoi, dans des lieux aux utilisations diverses, les hyènes 
tachetées sont susceptibles d’occuper des endroits situés hors du parc national parce 
qu’elles cherchent leur nourriture tout en limitant leurs terriers aux lieux longeant les 
prairies et dont les sols sont argileux.
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1  | INTRODUC TION

The spotted hyaena Crocuta crocuta is a common large carnivore 
in Africa (Holekamp & Dloniak, 2010; Watts, Blankenship, Dawes, 
& Holekamp, 2010). The species exists in substantial populations 
(Holekamp & Dloniak, 2010) and partially monopolises the landscape 
due to lower numbers of competing large carnivores like the African 
lion Panthera leo, African wild dog Lycaon pictus, cheetah Acinonyx 
jubatus and leopard Panthera pardus (Berghe, et al., 2012; Loveridge, 
Searle, Murindagomo, & Macdonald, 2007; Palazy, Bonenfant, Gaillard, 
& Courchamp, 2012; Pettorelli, Lobora, Msuha, Foley, & Durant, 2010). 
Numerous factors are important in the survival of the spotted hy-
aena (Boydston, Kapheim, Szykman, & Holekamp, 2003; Pangle & 
Holekamp, 2010; Watts & Holekamp, 2009). Selection of habitats with 
suitable soils imply suitable dens (Holekamp & Dloniak, 2010) for com-
munal and social development (Hofer & East, 1993b), rearing young 
(Hofer & East, 1993d), escape from predators and harsh environmental 
conditions (Pokines & Peterhans, 2007). Prey also plays a major role in 
influencing clan and territory size (Holekamp, Sakai, & Lundrigan, 2007) 
in hyaena survival. A diversity of vegetation types generally supports 
a variety of prey guilds, and is thus considered an important compo-
nent of habitat use by the spotted hyaena. Although spotted hyaenas 
prefer open landscapes, they occasionally hunt in densely vegetated 
habitats (Kolowski & Holekamp, 2009). Unfortunately, anthropogenic 
activities increasingly cause disturbances in spotted hyaena habitats, 
particularly near human settlements (Woodroffe, 2000) and road net-
works (Cozzi et al., 2015; Cozzi, Broekhuis, McNutt, & Schmid, 2013). 
Competition and interference from other large carnivores due to niche 
overlap also influences habitat choice and success of the spotted hy-
aena (Périquet et al., 2016).

Although the species has been classified as “least concern” by the 
International Union for Conservation of Nature (IUCN), it remains con-
servation dependent (Bohm & Höner, 2015), requiring active human 
action through habitat management in rangelands where it occurs. 
Management of hyaenas and other large carnivores inside and outside 
of protected areas is a difficult task for conservation managers be-
cause of increased environmental change induced by anthropogenic 
human activity (Pettorelli et al., 2010). These include encroachment of 
humans into protected conservation areas (Ramesh & Downs, 2013; 
Ramesh, Kalle, Sankar, & Qureshi, 2012; White, 2013). For example, 
safari areas are hotspots for trophy hunting; thus, disturbance and 
possible reduction of some prey species by hunters affect the carni-
vores. Thus, the spotted hyaena is negatively affected both inside and 
outside of protected areas (Williams, Williams, Joubert, & Hill, 2016; 
Woodroffe, 2000). Human actions force hyaenas to expand the size 
of their home range thereby venturing out of protected areas and for-
aging in settlements leading to conflicts with humans. Several factors 
may affect spatial and temporal characteristics of the species’ habitat 
occupancy (Carbutt & Goodman, 2013; Périquet et al., 2016). There 
is need for empirical ecological data that permits current and future 
management under diverse anthropogenic disturbance pressures 
(Trinkel, Fleischmann, & Kastberger, 2006) but obtaining such infor-
mation for such an elusive species is difficult (Efford & Dawson, 2012; 

Pettorelli et al., 2010; Rosenblatt et al., 2014). Habitat occupancy is 
one such significant ecological attribute that enables a relative un-
derstanding of species occurrences in a habitat (Carbutt & Goodman, 
2013; Efford & Dawson, 2012; Ramesh, Kalle, Rosenlund, & Downs, 
2016) and enables acquisition of valid evidence of species–environ-
ment interactions under diverse land‐use management systems.

Numerous studies have been conducted on the ecology and 
habitat use of the spotted hyaena using clan observations (Hofer 
& East, 1993c), collared individuals (Kolowski & Holekamp, 2009), 
audio call‐back tapes (Cozzi et al., 2013; Rosenblatt et al., 2014), and 
den observations (Boydston, Kapheim, & Holekamp, 2006; Watts & 
Holekamp, 2007). However, relatively few studies have used camera 
traps to study spotted hyaenas and other large carnivores (Brassine & 
Parker, 2015; Kolowski, Katan, Theis, & Holekamp, 2007; Stein, Fuller, 
& Marker, 2008) in southern Africa, particularly Zimbabwe. Unlike 
other survey methods (Rosenblatt et al., 2014; Rovero, Zimmermann, 
Berzi, & Meek, 2013; Stein et al., 2008), camera trapping has become 
an important, effective and less invasive tool used to study habitat oc-
cupancy of nocturnal species (Brassine & Parker, 2015; Ramesh et al., 
2012; Rovero et al., 2013) with minimum disturbance to animals. This 
technique employs the mark‐recapture method, allowing for large ro-
bust and empirical data to be collected over larger areas (Rovero et 
al., 2013). Camera trapping thus becomes an effective method be-
cause spotted hyaenas disperse widely across diverse land‐uses in the 
landscape (Holekamp & Dloniak, 2010) in response to various factors 
including prey dispersal (Cozzi et al., 2015; Trinkel et al., 2006; Trinkel, 
Fleischmann, Steindorfer, & Kastberger, 2004). There is a need to un-
derstand specific covariates influencing the presence or absence of 
the spotted hyaenas in an area as these are the determinants of habi-
tat occupancy (Ramesh et al., 2012; Valeix et al., 2010) of the species.

We conducted a study to determine seasonal occupancy of spot-
ted hyaenas across three conservation land‐use types (protected 
area, safari area‐conservancy with trophy hunting, and a ranch 
combining domestic stock and wildlife farming). Different land man-
agement systems were assumed to have varying levels of human 
interference and would therefore affect habitat characteristics 
and consequently alter habitat occupancy by the spotted hyaenas. 
Therefore, our objectives were to determine variables influencing 
seasonal habitat occupancy of spotted hyaenas through a selection 
of explanatory models (Kalle, Ramesh, Qureshi, & Sankar, 2014; 
Rovero, Martin, Rosa, Ahumada, & Spitale, 2014) across the three 
conservation land‐use management systems. We hypothesised that 
the spotted hyaena would show variation in habitat occupancy in 
different land‐use types due to differences in management. We fur-
ther hypothesised that habitat characteristics would influence spot-
ted hyaena occupancy in different land‐use types.

2  | METHODS

2.1 | Study sites

The study was carried out in three conservation land‐use manage-
ment units in western Zimbabwe, namely Dimbangombe ranch, 
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Matetsi safari area and the Zambezi National park. The study sites 
differed in management and that was assumed to have an impact on 
the spotted hyaena habitat occupancy.

2.2 | Zambezi National park

Zambezi National park (17°57.341′S, 25°41.399′E) stretches along 
the Zambezi River and was designated as a non‐hunting protected 
area (~560.1 km2) although illegal harvesting by poachers may occur. 
It is bordered by Victoria Falls town to the north, as well as com-
munal rural areas, protected forestlands and numerous private‐ 
and government‐owned hunting concessions. The soils are mainly 
deep Kalahari sands (regosols) with few patches of a rocky terrain 

(Muposhi et al., 2016) and some clayey areas (lithosols) near the 
Zambezi River floodplain. The study focused on Chamabondo, which 
is on the southern part of the national park.

2.3 | Matetsi safari area

Matetsi safari area (18°22.760′S, 25°52.353′E) is a relatively large 
protected area that promotes trophy hunting (~3,000 km2) and was 
established in the early 1970s for trophy hunting (Crosmary et al., 
2013; Muposhi et al., 2016) and photography. It is sub‐divided into 
blocks called units. Units 1–6 are for selective legal trophy hunting and 
Unit 7 is a photographic concession. However, the study concentrated 
on Unit 4 (358 km2) and Unit 5 (364 km2) which were under manage-
ment of the Parks and Wildlife Management Authority (Muposhi et 
al., 2016) while other sections were leased to private safari operators. 
It is bordered by Hwange National Park to the south, human resettle-
ments to the northeast and Dimbangombe ranch to the northwest.

2.4 | Dimbangombe ranch

Dimbangombe ranch (18°11.202′S, 25°52.500′E) spans 32 km2 and 
is characterised by cattle ranching as well as trophy hunting and 
habitat reclamation activities (Savory & Parsons, 1980). The ranch 
also utilised a portion within neighbouring Fuller Forest for holistic 
research and domestic stock grazing (Savory & Parsons, 1980). As 

TA B L E  1   Variation in prey species richness detected at 
Dimbangombe ranch (DR), Matetsi safari area (MSA) and Zambezi 
National park (ZNP) during the wet and dry seasons

Wet season Dry season

DR MSA ZNP DR MSA ZNP

Herbivores 9 14 7 12 9 12

Large carnivores 3 4 2 3 3 4

Mesocarnivores 7 7 5 9 5 5

Domestic stock 2 – – 4 – –

F I G U R E  1   Camera trap locations at Dimbangombe ranch, Matetsi safari area (MSA) and Zambezi National park (ZNP) in western 
Zimbabwe during both the wet and dry seasons of 2014–2015. (ECA—environmental conservation areas: self‐sufficient settlement type 
practicing community‐based natural resources management in farms characterised by a fixed number of households, conservation of 
wildlife, farming or crops and rearing of domestic stock. CA—communal areas: settlement type with no restricted number of households 
and the rural district council manages natural resources including wildlife on behalf of the community) [Colour figure can be viewed at 
wileyonlinelibrary.com]
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such, that section of the forest was included as part of the ranch for 
the purposes of effective camera deployment to increase detection 
of spotted hyaenas and prey species resulting in an area of approxi-
mately 68 km2. This area is bounded by Matetsi Unit 1 to the south-
east and part of Matetsi environmental conservation area (ECA) to 
the west. Matetsi ECA is a community‐based natural resources man-
agement scheme comprised of families resettled in wildlife farms. 
The communities manage wildlife through a hunting quota approved 
by the Parks and Wildlife Management Authority.

The ranch lies ~34 km southeast of Victoria Falls town. It had a 
resident mixed large herd of cattle, sheep and goats managed through 
a planned holistic rotational grazing system in unfenced paddocks 
with transferrable night corrals. This involves the rotational grazing 
of grouped domestic stock, which incorporates use of herd effect for 
land restoration (Savory & Parsons, 1980; Morris, 2017). Livestock 
herding is employed all year round to minimise losses to predators al-
though in nearby communities domestic animals are allowed to free 
range during the dry season (Kuiper et al., 2015).

2.5 | Common characteristics of the study sites

These three study sites fall under the Natural Region IV of the 
Zimbabwe Agro‐ecological Zones, and are characterised by low 
rainfall (<650 mm pa) with recurrent droughts (Ndaimani, Murwira, 
& Kativu, 2013). The dry season is long (May–November), charac-
terised by extremes of cold (May–July) and hot (August–October) 
months with highest mean monthly temperatures of 32°C in 
October. The sites are not fenced and have a variety of predators 
and prey species (Table 1) (Crosmary et al., 2013; Mhlanga, Ramesh, 
Kalle, Ngosi, & Downs, 2018; Ndaimani, Murwira, & Kativu, 2014). 
Omnivores present include warthog Phacochoerus africanus while 
herbivores include African elephant Loxodonta africana, Cape buf-
falo Syncerus caffer, sable antelope Hippotragus niger, greater kudu 
Tragelaphus strepsiceros, and roan antelope Hippotragus equinus, 
common duiker Sylvicapra grimmia, Cape bushbuck Tragelaphus syl‐
vaticus, waterbuck Kobus ellipsiprymnus and impala Aepyceros mela‐
mpus. Large carnivores present include lions, cheetah, wild dog and 
leopard (Muposhi et al., 2016).

2.6 | Data collection

Moultrie M880 (Trail Campro LLC, Springfield, USA) and Ltl Acorn 
6210MC, (Shenzhen Ltl Acorn Electronics Ltd, Guangdong, China) 
passive infrared detector camera traps were deployed at 60 camera 
locations in the three study sites (Figure 1). The study covered Unit 4 
and Unit 5 in Matetsi safari area, as well as Dimbangombe ranch and 
the southern part of Zambezi National park.

A preliminary assessment of spotted hyaena activity in the study 
sites employed signs like scats, spoors, individual sightings and in-
formation from the resident ecologist and rangers. The study site 
map was divided into 9 km2 grids using ArcMap Version 10.3 (Esri 
Redlands, CA, USA). Grids for camera locations were identified and 
marked resulting in at least two/three sampling locations within a 

spotted hyaena home range assumed to be between 30 and 60 km2 
(Holekamp, Small, Berg, & Cooper, 1997; Woodroffe & Ginsberg, 
1998). The geographic coordinates of the central point of each cam-
era location were marked and loaded in a global positioning system 
(GPS) pending deployment of the cameras. Camera stations posi-
tioned at these systematically determined regular points (Brassine & 
Parker, 2015) resulted in 16, 22 and 22 sites at Dimbangombe ranch, 
Matetsi safari area and Zambezi National park, respectively. To in-
crease the detection of spotted hyaena, camera traps were set in 
places likely to be occupied by the species, for example, along animal 
trails (Brassine & Parker, 2015; Cusack et al., 2015).

Cameras were secured in metal cases to prevent being crushed 
by the spotted hyaena and other animals, and were then tied on to 
trees (Brassine & Parker, 2015) at ~45 cm above the ground in order 
to capture full images of spotted hyaenas (Ramesh et al., 2012). 
Cameras were active 24 hr/day, with a 30 s delay between consec-
utive photographs, and the sensitivity of the motion sensor was 
set to high. On deployment, we allowed an inter‐camera distance 
of 3 ± 0.2 km considering that large carnivores like spotted hyaenas 
move longer distances and can be captured at several camera trap-
ping locations (Rovero et al., 2013). Cameras were left for 30 days 
per site per season resulting in 3,600 trap days. No attractants were 
used since occupancy is a function of natural behaviour although 
the actual positioning of the camera was based on animal movement 
and activity.

Data for fourteen site‐specific covariates were collected at each 
camera location and used in regression models. Site‐specific covari-
ates recorded within 30 m radius around every camera location were 
as follows: dominant vegetation types (Zambezi teak Baikiaea pluri‐
juga, mopane Colophospermum mopane, mixed vegetation and grass-
land), soil type (clay, sand and rock), fire incidence and canopy cover 
(open or closed). We also recorded distance to nearest water source, 
distance to nearest human settlement and distance to nearest fre-
quently used major road using geographic locations of the camera 
from pre‐marked points with a global positioning system (GPS, 
eTrex 30; Garmin, Olathe, KS, USA). Levels within the variables were 
treated as independent covariates in the data matrix, for example, 
vegetation type had three levels, but each operated as a covariate 
in the analysis. We also used land‐use levels as covariates, that is, 
national park (park), hunting area (safari) and private farm (ranch).

2.7 | Data analyses

We recorded whether the camera was placed within the park, ranch 
or safari as a binary variable (0/1) in the data matrix in which land‐use 
was treated as a site covariate. We created a matrix for the spotted 
hyaena detection spanning 24 hr survey (00:00–23:59) in columns 
and rows consisting of camera numbers. We developed detection 
histories of spotted hyaena as “1”, “0” or “‐” for each observation 
where “1” indicated one or multiple occurrences within the particu-
lar 24 hr period, “0” indicated no record, and “‐” indicated malfunc-
tion of the camera. We merged six trap days to improve spotted 
hyaena detection, resulting effectively in five surveys. Therefore, 
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we created a 6‐day detection history of the species from a 30‐
day survey, wherein 6 days constituted a survey (Boitani, Ciucci, & 

Mortelliti, 2012). These variable measurements and spotted hyaena 
detection history were generated separately for each season.

Model AICc ΔAIC Wi Model likelihood No. Par. −2*LogLik

ψ (clay + grass), p(.) 262.39 0.00 0.40 1.00 4 254.39

ψ (park + grass), p(.) 262.91 0.52 0.31 0.77 4 254.91

ψ (.), p(.) 264.34 1.95 0.15 0.38 2 260.34

ψ (grass + road), p(.) 266.12 3.73 0.06 0.15 4 258.12

ψ (teak), p(water) 267.35 4.96 0.03 0.08 4 259.35

ψ (canopy + road), 
p(.)

268.07 5.68 0.02 0.06 4 260.07

ψ (mopane + rock), 
p(.)

268.11 5.72 0.02 0.06 4 260.11

Notes. −2*LogLike: twice the negative log‐likelihood; model likelihood: probability of encounter his-
tories; no. Par.: number of parameters in the model; p: probability of detection; Wi: the model AIC 
weight; ΔAIC: the difference in AIC values between each model and the model with the lowest AIC; 
ψ : probability of habitat use (psi.

TA B L E  2   Summary of model selection 
procedure for variables influencing habitat 
use of spotted hyaena during the wet 
season in the Dimbangombe ranch, 
Matetsi safari area and Zambezi National 
park, Zimbabwe

F I G U R E  2   Mean probability of site occupancy of the spotted hyaena as influenced by (a) soil type (clayey), (b) land‐use (park) and (c) 
vegetation type (grass) in the wet season. Present—hyaena detected in the camera site; absent—hyaena not detected in the camera site 
[Colour figure can be viewed at wileyonlinelibrary.com]

(a) Clay (b) Park

(c) Grass

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Non-clayey soil Clayey soil

Pr
ob

ab
ili

ty
 o

f s
ite

 o
cc

up
an

cy

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Inside the park Outside the park

Pr
ob

ab
ili

ty
 o

f s
ite

 o
cc

up
an

cy

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Non-dominated by grass Dominated by grass

M
ea

n 
pr

ob
ab

ili
ty

 o
f s

ite
 

oc
cu

pa
nc

y



     |  823MHLANGA et AL.

Site covariates such as distance to road, settlement and water 
were standardised to z‐scores. To avoid multi‐collinearity, we tested 
for correlations among site covariates (Graham, 2003), and retained 
the least correlated variables in the models. We removed the vari-
able “sand soil” as it highly correlated to other covariates. Further, we 
determined animal species richness in the three land‐uses (Table 1), 
which we considered important for existence of the carnivore under 
study. However, these animals were not considered in estimating oc-
cupancy in this study.

Detection histories were pooled from the three study sites 
and analysed in a single‐species, single‐season occupancy model 
(Lesmeister, Nielsen, Schauber, & Hellgren, 2015; MacKenzie et al., 
2006; MacKenzie, Bailey, & Nichols, 2004) using program PRESENCE 
8.3 (Hines, 2006) to predict habitat occupancy of the spotted hy-
aena in western Zimbabwe. Potential covariates for occupancy were 
allowed to vary, individually or in combination and models with all 
potential occupancy (ψ‐probability) covariates and detection prob-
abilities (p) were produced (Burnham & Anderson, 2002; Ramesh et 

al., 2012). We selected the best models from the candidate mod-
els following the framework of Burnham and Anderson (2002). The 
best models with lowest Akaike Information Criterion (AIC) value (≤2 
ΔAIC) and highest Akaike weight were used to estimate occupancy 
parameters and the model fitness test was verified by estimating the 
mean dispersion parameter C‐hat (ĉ) using 10,000 parametric boot-
straps (Burnham & Anderson, 2002). Only models with ĉ between 
0.9 and 1.1 were selected since the best model should have a value 
of ĉ = 1.

3  | RESULTS

Thirty days of camera trapping from 60 sites (n = 1,800 trap nights 
per season) yielded 131 (national park = 32; safari area = 44, 
ranch = 55), and 225 (national park = 94; safari area = 71, ranch = 60) 
independent photographs of the spotted hyaena for the wet and dry 
seasons, respectively. Mean herbivore species richness for Matetsi 

Model AICc ΔAIC Wi Model likelihood No. Par. −2*LogLik

ψ (grass + clay), 
p(.)

283.67 0 0.3698 1 4 275.67

ψ (teak), p(.) 285.66 1.99 0.1367 0.3697 3 279.66

ψ (.), p(water) 285.71 2.04 0.1333 0.3606 3 279.71

ψ (.), p(.) 286.26 2.59 0.1013 0.2739 2 282.26

ψ (rock), p(.) 286.88 3.21 0.0743 0.2009 3 280.88

ψ (canopy), p(.) 286.99 3.32 0.0703 0.1901 3 280.99

ψ (park), p(.) 288.14 4.47 0.0396 0.107 3 282.14

Notes. −2*LogLike: twice the negative log‐likelihood; model likelihood: probability of encounter his-
tories; no. Par.: number of parameters in the model; p: probability of detection; Wi: the model AIC 
weight; ΔAIC: the difference in AIC values between each model and the model with the lowest AIC; 
ψ : probability of habitat use (psi).

TA B L E  3   Summary of model selection 
procedure for variables influencing habitat 
use of spotted hyaena during the dry 
season in the Dimbangombe ranch, 
Matetsi safari area and Zambezi National 
park, Zimbabwe

F I G U R E  3   Mean probability of site occupancy of the spotted hyaena as influenced by (a) vegetation type (grass) and (b) soil type (clayey) 
in the dry season. Present—hyaena detected in the camera site; absent—hyaena not detected in the camera site [Colour figure can be viewed 
at wileyonlinelibrary.com]
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safari area, Zambezi National park and the ranch was 11.5, 9.5 and 
10.5, respectively (Table 1). Overall, there was a statistically signifi-
cant influence of season on site occupancy of the spotted hyaena in 
the three land‐uses (χ2 = 13.162, df = 2, p = 0.0014).

During the wet season, spotted hyaena were captured at 
48% (n = 29) of camera stations. The mean estimated spotted hy-
aena site occupancy probability in the wet season was ψ = 0.617, 
SE = 0.147. The best models with ≤2AIC (Table 2) suggested that 
occupancy of the spotted hyaena was negatively influenced by the 
national park (β = −1.431, SE = 0.814) and open grassland patches 
(β = −2.181, SE = 1.598) while being positively influenced by clayey 
soil (β = 1.957, SE = 1.591; Figure 2). The probability of site occu-
pancy was low in the national park (ψ = 0.476, SE = 0.135) but high 
in the ranch (ψ = 0.686, SE = 0.152) and the safari area (ψ = 0.708, 
SE = 0.158). The naïve occupancy estimate was ψ = 0.483. The 
bootstrap estimate of standard error for overall occupancy was 
SE = 0.104.

During the dry season, there was a 2% increase in spotted hy-
aenas captured at camera stations (50%, n = 30) compared with 
the wet season. The mean probability of site occupancy was high 
(ψ = 0.502, SE = 0.107). The best model with ≤2AIC (Table 3) 
showed that the spotted hyaena occupancy increased with oc-
currence of clayey soil (β = 1.170, SE = 0.585) and open grasslands 
(β = 1.233, SE = 0.880) while negatively increasing with occur-
rence of teak (β = −0.997, SE = 0.633; Figure 3). Similar to the wet 
season, the dry season probability of occupancy of the spotted 
hyaena was high in the safari area (ψ = 0.573, SE = 0.107) com-
pared to the ranch (ψ = 0.534, SE = 0.107) and the national park 
(ψ = 0.407, SE = 0.106). The naïve occupancy was 0.483 while the 
bootstrap estimate of standard error for overall occupancy was 
SE = 0.068.

4  | DISCUSSION

We found that soil type, land‐use type and vegetation type de-
termined site occupancy of spotted hyaena. During both seasons, 
spotted hyaena occupancy was higher in the safari area and ranch 
compared with the national park. It was also possibly affected by 
prey dispersion caused by availability of water throughout the 
landscape (Honer, Wachter, East, Runyoro, & Hofer, 2005; M. 
Mhlanga, pers. obs.) during the wet season. In the dry season, 
there could have been the effect of sport hunting in the safari 
and ranch, which increased food availability for spotted hyaenas 
through carcass remains from sport hunting. This could have been 
further catalysed by the baiting method used in hunting large 
carnivores by first luring them to prey carcasses (Bischof, Fujita, 
Zedrosser, Söderberg, & Swenson, 2008), thereby increasing oc-
currence of the spotted hyaenas in areas outside the national 
park. Prey dispersal and other factors affecting food availability 
in a hyaena clan’s home range triggered behavioural shifts in for-
aging tactics, which encouraged commuting behaviour in hyaenas 
(Hofer & East, 1993b; Trinkel et al., 2004). As a result, the spotted 

hyaena occupied areas with optimal foraging returns (Honer et al., 
2005). Earlier studies (Hofer & East, 1993c; Honer et al., 2005), 
showed that spotted hyaenas forage outside their clan territory 
when prey densities are low and are not excluded by other clans 
whose territories have high prey densities (Honer et al., 2005). 
Such behaviour is more typical of less dominant females within the 
clan (Hofer & East, 1993a; Honer et al., 2005). This likely explained 
the behaviour shown in the occupancy by the spotted hyaena in 
the current study. Although protected areas still play a pivotal role 
in long‐term survival of the spotted hyaenas, the behavioural plas-
ticity of the species enables it to occupy disturbed ecosystems as 
shown in this study. This behaviour could be enhanced further by 
the species’ ability to commute to areas with prey as reported by 
earlier studies (Crosmary, Valeix, Fritz, Madzikanda, & Côté, 2012; 
Thaker et al., 2011; Valeix et al., 2010). The combination of these 
characteristics which are crucial for habitat occupancy will enable 
them to be persistent in various landscapes amid anthropogenic 
challenges (Boydston, Kapheim, Watts, Szykman, & Holekamp, 
2003).

The spotted hyaena is a denning species (Boydston, et al., 2006; 
Périquet et al., 2016; Watts & Holekamp, 2007) that uses burrows 
excavated by other animals, including aardvark Orycteropus afer 
(Pokines & Peterhans, 2007). These burrows are modified to suit 
the species’ needs, mainly for rearing of young, escaping from 
predators such as lions, and as refuge sites against harsh weather. 
In our study, occupancy was influenced positively by clayey soil 
during both seasons. This was attributed to burrow denning pref-
erences in clayey soils which hyaenas favour compared with sandy 
and rocky sections of the available habitat (Holekamp & Dloniak, 
2010; Pokines & Peterhans, 2007). This was confirmed by the nu-
merous dens we observed along the clayey patches particularly 
in grasslands in the national park and safari area. Hence, denning 
of spotted hyaenas in the three land‐use types was common in 
patches with clayey soil, although they are recorded to den in 
different habitat types (Holekamp & Dloniak, 2010; Pokines & 
Peterhans, 2007) and other favourable areas of the landscape. 
Generally, clay burrows are less likely to collapse than those in 
sandy soils (M. Mhlanga, pers. obs.).

Spotted hyaenas are generally known to prefer open landscapes 
where they hunt, but may occasionally be found in densely vege-
tated patches as they search for prey (Kolowski & Holekamp, 2009) 
and cover. Prey availability is important for survival of a carnivorous 
species like the spotted hyaena (Honer et al., 2005; Owen‐Smith 
& Mills, 2008; Trinkel et al., 2004). Thus, carnivore management 
greatly emphasises habitat organisation that promotes an increase 
in food availability within the home range.

5  | CONCLUSIONS

Various factors, including spatial and temporal disturbances by hu-
mans through use of various landscapes, influences prey distribution 
and habitat selection by spotted hyaenas. Studies focusing on the 
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basic ecological requirements such as on habitat occupancy are es-
sential for better management of a conflict‐prone carnivore such as 
the spotted hyaena. In summary, we found that soil type, land‐use 
type and vegetation determined site occupancy of spotted hyaena. 
Occupancy was determined generally by soil type for denning sites. 
Further studies on effects of anthropogenic spatio‐temporal habitat 
disturbance on behavioural flexibility and modifications of the spot-
ted hyaena in relation to occupancy inside and outside protected 
areas in southern Africa and elsewhere, are suggested.
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