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INTRODUCTION 
The spatial distribution of wildlife populations is naturally restricted geographically by 

both regional and local-scale features and conditions. At the largest scale, different species are 

adapted for life within defined geographical zones, such the tropics, temperate zone, and polar 

regions (Kozak & Wiens 2007, Chejanovski & Wiens 2014, Robador et al. 2016). Among these 

regions there are clear climate differences that shape the environment (Hua 2008, Walsh 2008, 

Alaback et al. 2013). For example, constant day length, higher average temperatures, and higher 

levels of precipitation delineate the topics, while variations in temperature and rainfall create 

four distinct seasons in the temperate zones, and extremely low temperatures on average 

characterize the polar regions. Such regional-scale differences have led to the evolution of 

species that are adapted specifically to each zone (Sherbrooke et al. 2007, Eichhorn et al. 2011, 

Wu et al. 2014). For example, in temperate regions the gopher tortoise (Gopherus polyphemus) 

has adapted to the winter season by hibernating (DeGregorio et al. 2012), while the red-footed 

tortoise (Chelonoidis carbonaria), found in tropical regions, remains active throughout the year 

(Noss et al. 2013).  

A gradient of climatic conditions at the regional scale can also influence the geographic 

range of species (Storch et al. 2006, Chamaillé-Jammes et al. 2007, Kozak & Wiens 2007). To 

maximize survival and breeding success, species are often restricted to a specific range of 

temperatures within which they have adapted, known as the Temperature Neutral Zone 

(Glanville & Seebacher 2010, Eliason et al. 2011, Oyamaguchi et al. 2018). For example, desert 

iguanas (Dipsosaurus dorsalis) only thrive in areas where temperatures during the day are 

consistently >20°C (Wagner & Gleeson 1996). The distribution of a species or population can 

then be further restricted by both large and small landscape scale features (Frantz et al. 2010, 

Habel et al. 2015, Reddy et al. 2019). Large features could include mountain ranges and large 
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waterbodies, while examples of features that can restrict species on a small local scale, include 

rivers and escarpments (Frantz et al. 2010, Cushman et al. 2011, Abade et al. 2014). For 

example, the eastern Himalayan Mountain range has isolated wildlife populations within it, as 

well as preventing the immigration and dispersal of individuals across it (Qu et al. 2014)  

One factor that can restrict a species or population to a certain region or area is 

competition with other species (Berger & Gese 2007, Abade et al. 2014, Sebastián-González et 

al. 2016). Interspecific competition is an interaction between species in which individuals 

compete for the same resources, such territory, water, shelter, and food (Berger & Gese 2007, 

Laiolo 2013, Sebastián-González et al. 2016). This interaction often results in one species being 

more dominant and out-competing the other, which in turn leads to resource or habitat 

partitioning (Quevedo et al. 2009, Choudhary et al. 2018, Smith et al. 2018). Essentially, a 

weaker species will be restricted within, or excluded from, areas when a dominant species is 

present. Coyotes (Canis latrans), for example, tend to avoid areas within Grand Teton National 

Park due to competition for resources with wolves (Canis lupis) (Berger & Gese 2007). A 

population can also be restricted to a specific area by habitat type and/or available resources 

(Martino et al. 2012, López-Pérez et al. 2019, Bastille‐Rousseau et al. 2020). There are species 

that prefer open habitat, such as savannah, species that prefer closed habitat, such as forests, and 

species that more select specific habitat types, such as riparian habitat. For example, black 

rhinoceros (Diceros bicornis) use closed shrublands due to availability of browsing resources 

(Lush et al. 2015), while white rhinoceros (Ceratotherium simum) are found in open grassland 

areas due to the availability of grazing resources (Joris et al. 2014). Risk of predation is another 

aspect that can limit the availability of habitat for a species. Just the presence of a predator can 

discourage a prey species from using resources (Dinkins et al. 2012, Beest et al. 2013, Bastille‐
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Rousseau et al. 2020). For example, the greater sage grouse (Centrocercus urophasianus) avoids 

nesting in areas where golden eagles (Aqulia chryaetos) are found (Dinkins et al. 2012). 

These natural constraints, thresholds, and borders play an important role in defining or 

establishing ranges, allowing or restricting the colonization of new habitats, and has led to the 

diversification of species through geographic isolation, also known as allopatric  speciation 

(Kozak & Wiens 2007, Habel et al. 2015, Torres-Cambas et al. 2019). For example, the African 

Rift Valley has divided populations of the African mole rat (Heliophobius spp. and Fukomys 

spp.) and resulted in the speciation of two new species; Fukomys livingstoni and Fukomys 

hanangensis (Faulkes et al. 2017) Moreover, physical boundaries, such as the Rift Valley, can 

have three potential effects; 1) filter, 2) barrier, and 3) edge effects, that can influence the 

abundance and distribution of individuals to varying extents. Filter effects are caused by 

geographic features in the landscape that reduce, but not obstruct, wildlife movement. For 

example, during the blue wildebeest (Connochaetes taurinus) migration, ~12,000 individuals out 

of 1.2 million are drowned crossing the Mara River each year (Subalusky et al. 2017). Such filter 

effects can reduce access to resources, immigration and emigration between populations, 

colonization of new habitats, and the recolonization of existing habitats (Zeller et al. 2012). In 

contrast, barrier effects obstruct movement (Bartzke et al. 2015). For example, the European 

badger (Meles meles) avoids crossing rivers >50 m in width (Frantz et al. 2010). The result of 

such barrier effects prohibit access to resources, dispersal, gene flow, and range expansion (Qu et 

al. 2014). Finally, edge effects are often characterized as a behavioral response to features or 

boundaries. Species, such as the spotted owl (Strix occidentalis), respond to the habitat 

boundaries by avoiding areas within a certain distance of that boundary edge (e.g., woodland 

habitat adjacent to agricultural fields,(Fletcher & Koford 2003, Glenn et al. 2004). This buffer 

area that is avoided is known as edge habitat (Ewers & Didham 2007). The extent of the edge 
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habitat tends to be species-specific (Lehtinen et al. 2003). For example, the edge habitat of the 

red-faced spider monkey (Ateles paniscus) extends ~150 m, while such habitat has been found to 

extend ~300 m for the Madagascar green pigeon (Treron australis;(Watson et al. 2004, Lenz et 

al. 2014). Studies have shown that this avoidance behavior can potentially be due to 1) increased 

risk of predation and/or parasitism (Batáry & Báldi 2004), 2) a decrease in habitat quality 

(Swindle et al. 1999), or 3) a combination of these. The implication of this behavior is a 

reduction in the amount of habitat that is available for that individual and its population, 

therefore, being impacted through displacement (Saïd & Servanty 2005, Dohm et al. 2019). It is 

this available habitat, known as core or interior habitat, which dictates the abundance and 

distribution of individuals and/or populations within it (Burnett & Roberts 2015). Moreover, 

edge effects can be compounded by habitat fragmentation, as smaller habitat fragments have a 

greater proportion of edge habitat, which will in turn limit the amount of core habitat that is 

available (Ewers & Didham 2007). 

Many studies have shown that anthropogenic features and activities, such as 

transportation, artificial barriers (such as fences), agriculture, forestry, and urbanization, can 

induce the same filter, barrier, and edge effects on wildlife movement, abundance, and 

distribution (Houle et al. 2010, Wilson et al. 2015, Mumma et al. 2019). The filter and barrier 

effects caused by these factors has been well documented (Lasky et al. 2011, Bartzke et al. 2015, 

Bowne et al. 2018), with roads being a good example of both an anthropogenic filter and barrier. 

Through wildlife-vehicle-collisions, roads can act as a filter to movement, reducing the 

permeability of the landscape for a proportion of individuals (Matos et al. 2017). For example, 

female chimpanzees (Pan troglodytes) with dependent young crossed a busy road 5% less than 

other troop members (Cibot et al. 2015). Moreover, studies have shown that the filter effects of 

roads have impacted sex ratios, age structure, and population density (Beaudry et al. 2008, Matos 
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et al. 2017, Bowne et al. 2018). For example, as more female painted turtles (Chrysemys picta) 

are killed in vehicle collisions during the nesting season, sex ratios are male-skewed (Bowne et 

al. 2018). There are also a number of studies demonstrating that wildlife can be affected by the 

barrier effects of roads (Brehme et al. 2013, Bartzke et al. 2015, Gilson & Bateman 2015), with 

species such as the gopher tortoise (Gopherus polyphemus) unable to physically cross roads 

(Gilson & Bateman 2015), while species, such as the moose (Alces alces), will avoid (a 

behavioral response) crossing a road in forest areas (Bartzke et al. 2015).  

Artificial barriers, such as fences, are another anthropogenic feature that are intended to 

induce filter and barrier effects on wildlife. Essentially, fences are used for a variety of reasons; 

to define boundaries between properties, to keep wildlife out and domestic animals in specific 

areas, and to protect through containment habitats and/or species of conservation concern 

(Chigwenhese et al. 2016, Trouwborst et al. 2016, Mysterud et al. 2019). For example, the 

Western Australia State Barrier Fence stretching >1,000 km was erected to limit the movement 

of emus (Dromaius novaehollandiae) and dingoes (Canis dingo,(Bradby et al. 2014). Another 

example of an anthropogenic barrier would be the border wall constructed between the United 

States and Mexico. The portion of the wall that is currently in place has already interrupted the 

seasonal migration of the peninsular big horn sheep (Ovis canadensis nelson) from Palm Springs 

in California to its breeding grounds in Mexico (Peters et al. 2018).  

Even changes to habitat quality and structure can affect landscape permeability for 

wildlife. There are numerous studies that have documented how agriculture, forestry, and 

urbanization have had filter and barrier effects on wildlife (Rand et al. 2006, Caryl et al. 2013, 

Hurst et al. 2013). One particular example of a filter effect can be seen in the Taylor’s 

checkerspot butterfly (Euphydryas editha taylori), a species that does not naturally occur in 

fragmented habitats. Studies have revealed that while males are able to disperse into the 
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surrounding Douglas-fir (Pseudotsuga menziesii) managed forests, females are restricted to their 

natal prairie habitat (Bennett et al. 2013a, Severns & Breed 2018). Similarly, dispersal and, thus, 

gene flow stopped between the populations among two populations of the white-fronted chat 

(Epthianura albifrons) when they were divided by the central business district in Sydney, 

Australia (Major et al. 2014). 

It has also been well documented that anthropogenic activities cause edge effects (Pangle 

& Holekamp 2010, McClure et al. 2017, Mancinelli et al. 2019). A number of studies have 

shown that many species avoid habitats next to roads (Berthinussen & Altringham 2012, 

Christopher et al. 2013, Iglesias-Merchán et al. 2016). One survey revealed the cinereous vulture 

(Aegypius monachus) avoided suitable habitat between 75 m to 500 m of a road (Iglesias-

Merchán et al. 2016).  In the same way, bat diversity has been reported to increase with distance 

from a road (Berthinussen & Altringham 2012).  In comparison, many studies have also shown 

that the presence of agricultural fields or urban development adjacent to natural habitats can have 

edge effects. Small mammal diversity, for example, steadily increased within a 200 m distance of 

sugarcane fields (Hurst et al. 2013). Thus, as landscapes continue to be fragmented by 

anthropogenic features, there are underlying concerns that edge effects could further impact the 

abundance, distribution, and survival of wildlife populations within remaining habitat patches 

(McClure et al. 2017). This raises the question “should we be considering the implications of 

anthropogenic edge effects when managing wildlife populations in small habitat patches, in 

particular nature preserves and reserves?” In many instances, these areas use fencing to manage 

and protect their wildlife and habitat. Furthermore, protected areas are often bordered and/or 

transected by roads. There are some studies to our knowledge that have explored edge effects on 

wildlife in enclosed nature preserves, national parks, or game reserves. In other words, the 

presence of roads and bordering fence lines could cause edge effects within these enclosed areas, 
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which in turn could impact the wildlife populations managed within them.  A study, conducted in 

Mikumi National Park, Tanzania suggests that specific species may be more sensitive to these 

edges than others and the extent of their response could have implications for the management 

and conservation of that species. To explore whether edge effects influence species in small 

game reserves, we conducted a study in which we used existing Global Positioning System 

(GPS) location data for four species on a reserve to determine whether animals display edge 

effect responses to the roads and fences that border the reserve. From this research, we aimed to 

identify species-specific edge effects and their extents. By identifying species that are influenced 

by edge-effects, we can more effectively determine their habitat availability, which in turn may 

better inform the management for such impacted species and highlight the importance of 

considering the implications of edge effects in small reserves. 
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METHODOLOGY 
Study Area  

Our study was conducted at Amakhala Game Reserve in the Eastern Cape of South 

Africa (33° 32’ 22.48” S, 26° 05’ 15.26” E; Fig. 1). Amakhala, a private game reserve, was 

formed in 1999 when six farms merged properties to create a 66 km2 game reserve. As a joint 

conservation venture, the owners aimed to restore the area by converting the sheep and cattle 

farmland to a semi-natural Albany thicket biome through natural succession (Everard 1987). In 

addition, Amakhala facilitated this succession through an invasive species removal program. 

There are now multiple vegetation types within Amakhala Game Reserve that are representative 

of an Albany Thicket Biome, which is predominately composed of subtropical thicket 

communities of spinescent shrubs (Vachellia, Senegalia, Euphorbia;(Dyer 2014), woody 

creepers (Capparis, Secamone, Rhoicissus, Aloe), and succulents (Crassulaceae, Asphodelaceae; 

Fig. 2;(Hoare et al. 2006). The most common vegetation types include 1) Kowie thicket, which 

has the tallest woody vegetation (e.g., Azima tetracantha, Schotia afra afra) and the thickest 

understory dominated by succulents (Euphorbia mauritania, Euphorbia triangularis) and aloes 

(Aloe speciose,(Hoare et al. 2006), 2) Mesic succulent thicket, a coastal thicket composed of 

woody shrubs, but mostly covered in succulent species, such as  Aloe ferox, Aloe striata, 

Sideroxylon inerme (Chytrý 2008), 3) Karroid shrubland, primarily composed of geophytes 

(Pachypodium succulentum), woody creepers, and succulents, which are characterized by their 

water storage abilities (Hoffman 1989), 4) savanna grassland comprising grass species (such as 

Cynodon dactylon, Eragrostis curvula, and Themeda triandra) interspersed with patches of 

woody shrubland species (such as Cadaba aphylla and Maerus caffra;(Scholes 2015), and 5) 

open grassland dominated by grass species, including Heteropogon contortus, Merxmuellera 

disticha, and Panicum deustum. 
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Hydrological features on the property, include the Bushman’s River and 32 watering 

holes (Fig. 1). The Bushman’s River enters the game reserve at the northeastern corner and 

meanders 18.23 km through the eastern half of the reserve before leaving through the eastern 

boundary of Amakhala. As for the watering holes they are spread around the reserve and are 

either artificially pumped or natural pans, which provide wildlife with a water source. 

In addition to the vegetation, Amakhala maintains and manages a number of wildlife 

species, including lion (Panthera leo), elephant (Loxodonta africana), Cape buffalo (Syncerus 

caffer caffer), Cape leopard (Panthera pardus melanotica;(Miththapala et al. 1996), blesbok 

(Damaliscus pygargus phillipsi), eland (Taurotragus oryx), gemsbok (Oryx gazelle), giraffe 

(Giraffa camelopardalis), impala (Aepyceros melampus), greater kudu (Tragelaphus 

strepsiceros), black wildebeest (Connochaetes gnou), cheetah (Acinonyx jubatus), springbok 

(Antidorcas marsupialis), red hartebeest (Alcelaphus buselaphus caama), waterbuck (Kobus 

ellipsiprymnus), warthog (Phacochoerus africanus), hippopotamus (Hippopotamus amphibius), 

and plains zebra (Equus quagga burchellii). Note that these wildlife populations require 

regulation and, therefore, the stability of the Amakhala ecosystem requires ongoing monitoring 

and management to ensure their persistence. A number of species have also naturally colonized 

the area, such as rock hyrax (Procavia capensi), baboon (Papio ursinus), vervet monkey 

(Chlorocebus pygerythrus), aardvark (Orycteropus afer), aardwolf (Proteles cristata), cape 

porcupine (Hystrix africaeaustralis), bushpig (Potamochoerus larvatus), caracal (Caracal 

caracal), springhare (Pedetes capensis), common duiker (Sylvicapra grimmia), bushbuck 

(Tragelaphus sylvaticus), black-backed jackal (Canis mesomelas), African wildcat (Felis 

silvestris lybica), bat-eared fox (Otocyon megalotis), black-footed cat (Felis nigripes), cape 

clawless otter (Aonyx capensis), mountain reedbuck (Redunca fulvorufula), slender mongoose 

(Galerella sanguinea), and yellow mongoose (Cynictis penicillate).  
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Finally, Amakhala Game Reserve is bordered by a 2.7 m high electric fence and the N2 

national highway, connecting the city of Gqeberha (formerly Port Elizabeth) to the city of 

Makhanda (formerly Grahamstown), runs along the northern border of the reserve (Fig. 1). In 

addition, there are private and public gravel roads that transect the game reserve, in particular the 

R342, a regional route public access road that connects the town of Alexandria to the N2. 

Using existing GPS data  

To determine whether animals in Amakhala Game Reserve display edge effect responses 

to the roads and fences that border the reserve, we used existing GPS location data for four 

different species. This data was collected as part of a monitoring program on the reserve, in 

which a number of individuals were fitted with Very High Frequency (VHF) and GPS collars, 

allowing managers to record their locations. In addition, a number of GPS locations have been 

recorded based on sightings. We obtained these GPS locations for a leopard, coalition of 

cheetahs, pride of lions, and herd of elephants that have been recorded at regular intervals (e.g., 

approximately daily) within Amakhala Game Reserve. Table 1 summaries over what time period 

the GPS locations were recorded and the number of locations per species that were recorded.  
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Table 1: GPS location data from leopard, cheetah, lion, and elephant radio-tracked in Amakhala 

Game Reserve in the Eastern Cape, South Africa.  

Species Dates Number of GPS locations 
collected 

Leopard 2014-2020 409 

Cheetah 2007-2019 7,568 

Lion 2013-2020 7,760 

 Elephant 2006-2020 15,757 

 

Using ArcMap version 10.5.1 (ESRI Inc., Redlands, CA), we delineated four sections 

that did not include areas in which features overlapped, were within 500 m of interior fencing, 

and extended 500 m from the N2 national highway, Amakhala boundary fence, R342, and the 

Bushman’s River. The following were generated, 1) sections of the N2 national highway that 

abut the Amakhala boundary fence (these sections are hereafter referred to as N-Road), 2) 

sections of the R342 road that did not intersect with any fence lines (hereafter referred to as R-

Road), and 3) sections of the Amakhala boundary fence that were not intersected by the N2 or 

R342 roads and were up to 500 m from the Bushman’s River (hereafter referred to as Fence). We 

also explored the distribution and area usage of the animals in proximity to the Bushman’s River. 

Thus, 4) we generated sections of the river that did not intersect with any road, boundary fence, 

or within 500 m of interior fencing (hereafter referred to as River). We hypothesized the 

resulting distribution and area usage in River sections would demonstrate a positive relationship 

(i.e., an attraction to the feature); the opposite of what we would expect if wildlife were 

displaying edge effects (Fig. 3). Initially for these four sections, we applied a 500 m distance 
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from each feature. We imposed this distance limit to maximize the size of our sections we used 

in our analysis, as the minimum width of the reserve (i.e., boundary fence to boundary fence) 

was 1,364 m (Fig. 4). Extending all four sections past 500 m would have created a larger area of 

overlap across the whole reserve limiting the sections to a small unexaminable area. For each of 

these four features, we parsed each of the sections into 5-m increments, using the multiple ring 

buffer tool in ArcMap to create 5 m distance bins (Fig. 5). To ensure our results effectively 

depicted patterns of usage among our four species, we included a control section. For a control, 

we used sections of the reserve that were not within 500 m of any public road, fence-line, or 

river. As the control does not have a defined boundary (i.e., no physical starting point), we 

generated a 500 m section extending from the center of the core of the reserve (hereafter referred 

to as Control). Again, we used the multiple ring buffer tool to divide this section into the 5-m 

increments. We then parsed the Control section in to 24 segments, and then randomly selected a 

starting direction (i.e., starting from the center of core or the far edge of the section; Fig. 6).  

To allow for a comparison between the features and Control, we summed and divided the 

number of GPS locations in each distance bin by the total area of that bin (km2), to give the 

number of GPS locations/km2 in each bin for each feature (Fig. 7). This number of GPS 

locations/km2 per bin was, therefore, treated as the dependent variable, and the distance bins (i.e., 

5 m, 10 m, 15 m, and so on) as the independent variable. 



 
 

 
Figure 3: Location and extent of sections associated with 4 different features and Control which were divided into 5-m increment 
distance bins within Amakhala Game Reserve in the Eastern Cape of South Africa. 15



 
 

 

Figure 4: Minimum width of Amakhala Game Reserve in the Eastern Cape of South Africa 16



 
 

 

Figure 5: N-Road section divided into 100, 5-m increments across a 500 m distance from the N2 National Highway paralleling the 

border of Amakhala Game Reserve in the Eastern Cape of South Africa. 
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Figure 6: Control sections divided into 24 segments within Amakhala Game Reserve in the Eastern Cape of South Africa.  Brown line 

shows the center of the Control, orange shows sections that directionally started at the center of the Control, and yellow shows 

sections that started at ta 500 m distance from the center of the Control. 
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Figure 7: Locations and extent of sections associated with four different features and Control with the GPS locations for A) leopard, 

B) cheetah, C) lion, and D) elephant within each section within Amakhala Game Reserve in the Eastern Cape of South Africa. 
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GPS Analysis 

To assess whether the N2 national highway, R342, and Amakhala boundary fence 

influenced the distribution and area usage of each species within the reserve (i.e., displayed edge 

effect responses), we compared the number of GPS locations/km2 recorded across the 100 

distance bins. We predicted that if edge effects occurred there would be fewer number of GPS 

locations/km2 in proximity to the N2 national highway, R342, and/or boundary fence. We further 

hypothesized that we would observe the opposite pattern in the River with a greater number of 

GPS locations/km2 recorded in the bins closest to the river. In contrast, there should be no 

obvious directional pattern with the number of GPS locations/km2 within bins in the Control 

(i.e., they randomly fluctuated or had a similar number of GPS locations recorded in each bin). 

We used two types of regression analyses (linear and exponential) to determine if there was a 

positive or negative relationship with the number of GPS locations/km2 and distance for the N-

Road, R-Road, Fence, River and Control. For this analysis, the data used met the assumption that 

it was normally distributed and if not, the data was log transformed with a constant to meet this 

assumption.  

From the resulting regression analyses, where the R value for the N-Road and R-Road 

ranged from 0-0.39, representing a weak relationship in the number of GPS locations/km2 over 

the 500 m distance, a second analysis was conducted to determine whether distribution and area 

usage was influenced beyond this 500 m distance. For this second analysis, the average number 

of GPS locations/km2 per bin for each of these features was compared to the average of the 

Control using a Pearson’s Chi-square test. In instances where the average for a section was 

significantly lower compared to the Control, suggesting that a species may be avoiding an area 

beyond a distance of 500 m from a feature, we extended that section from 100, 5-m increments 

to 200, 5-m increments (i.e., extending the sections from 500 m to a distance of 1,000 m and 
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removing areas in which the N-Road, R-Road, Fence, and River sections intersected). Once the 

section was extended the regression analyses was repeated.  

We conducted a further analysis on the section if a significant positive relationship was 

found from the repeated regression analyses. To further explore this positive relationship, we 

used an Analysis of Variance (ANOVA) with a post hoc Tukey test, to determine whether 

significant variations in the number of GPS locations/km2 between consecutive distance bins 

existed that could potentially be used to identify the presence of a threshold distance (i.e., a 

specific distance at which there was a large increase or decrease in the number of GPS 

locations/km2). In this ANOVA analysis, we grouped distance bins into 50 m groups (e.g., 5-50 

m, 55-100 m, 105-150 m, and so on up to 955-1000 m). Once the ANOVA was conducted and a 

significant difference was found between consecutive distance bins, we visually inspected the 

distance bins to identify where the increase or decrease in the number of GPS locations/km2 

occurred. In other words, we determined whether a threshold distance was evident. 

We also conducted an additional habitat assessment, in which we determined whether a 

species was avoiding a feature due to edge effects or whether this avoidance was related to 

habitat type. We predicted that if a specific habitat type was affecting the distribution and area 

usage of a species, we would observe significantly higher averages in the habitat types favored 

by that species and lower averages in habitat types less favored. For this assessment, we used 

ArcMap’s grid index feature tool to create 100 m by 100 m cells within each habitat type shown 

in Figure 2. We summed all the GPS locations within each 100 m by 100 m cell for each species. 

The average number of GPS locations within each habitat type was then compared using an 

ANOVA with a post hoc Tukey test to determine which habitat types influenced the distribution 

and area usage. If the data did not meet the assumption that it was normally distributed, we log 

transformed with a constant to meet the assumption. 
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Where the distribution and area usage of the leopard, cheetahs, lions and/or elephants 

appeared to have a specific threshold distance from a feature, a second ANOVA was conducted 

to compare 1) the number of GPS locations within the 100 m by 100 m cells in the habitat types 

that occurred  within the area between the feature and threshold distance with 2) the number of 

GPS locations within in 100 m by 100 m cells in similar habitats in the remainder of the reserve. 

We predicted that if habitat type was affecting the distribution and area usage of a 

species, we would observe similar averages in habitats between the feature and threshold 

distance and similar habitats in the remainder of the reserve. Furthermore, if edge effects were 

influencing the distribution and area usage of a species, we would expect lower averages in 

habitat between the feature and threshold distance compared to similar habitat in the remainder 

of the reserve. All statistical analyses were conducted using IBM SPSS Statistics (Ver. 25, 

Armonk, NY) where α=0.05. 



23 
 

RESULTS 
Leopard 

A total of 83 GPS locations were used in the following results (N-Road = 0, Fence = 41, 

R-Road = 1, River = 29, and Control = 12). Summing and dividing the number of GPS locations 

in each distance bin by the total area of that bin, we found that the average number of GPS 

locations/km2 per bin in the Fence was 65 (ranging from 0 to 1116). For the R-Road, the average 

was 9 (ranging from 0 to 945), or the River, the average was 38 (ranging from 0 to 273), and for 

the Control, the average was 16 (ranging from 0 to 417).  

To assess whether the N-Road, Fence and R-Road influenced the distribution and area 

usage of the leopard within the reserve (i.e., displayed edge effect responses), we first log 

transformed the number of GPS locations/km2 per bin for the Fence, R-Road, and Control. As 

the number of GPS locations/km2 per bin for the River were normally distributed and there were 

no data for the N-Road, we did not log transform this data. Our regression analysis for the other 

sections confirmed there to be no apparent correlation between the number of GPS locations/km2 

and distance from the Fence and R-Road (Table 2 and Figs. 8 and 9). In contrast, there was a 

moderate negative correlation between the number of GPS locations/km2 and distance for the 

River (Fig. 10). Finally, as expected, no apparent correlation between the number of GPS 

locations/km2 and distance for the Control (Fig. 11). 

To determine whether the N-Road and R-Road influenced the distribution and area usage 

beyond a 500 m distance, again we found there to be no GPS locations up to 1000 m of the N2 

national highway. For the R-road, our Chi-square test revealed that the average number of GPS 

locations/km2 within this section was not significantly different from the Control (R-Road: χ2= 

1.960, df=1, P= 0.1615). 
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Table 2: Regression analyses summary of leopard GPS location data for the 100 5-mdistance 

bins in Amakhala Game Reserve in the Eastern Cape of South Africa. 

    Fence R-Road River Control 

Linear 

R 0.09 0.16 0.45 0.05 

df 98 98 98 98 
F 0.812 2.41 25.194 0.245 
P 0.37 0.124 <0.001* 0.622 

Exponential 

R . . . . 

df . . . . 

F . . . . 

P . . . . 
            * Shows significance 

 



 
 

 

Figure 8: Number of leopard GPS locations/km2 within 100 5-m interval distance bins for the Fence extending from the boundary 

fence surrounding Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit 

associated with the R2 value shown.
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Figure 9: Number of leopard GPS locations/km2 within 100 5-m interval distance bins for the R-Road extending from the R342 

public access gravel road in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best 

fit associated with the R2 value shown.  
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Figure 10: Number of leopard GPS locations/km2 100 5-m interval distance bins for the River extending from the Bushman’s River in 

Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with the R2 

value shown.
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Figure 11: Number of leopard GPS locations/km2 within 100 5-m interval distance bins for the Control in Amakhala Game Reserve in the 

Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with the R2 value shown. 
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Cheetah 

A total of 2,688 GPS locations were used in the following results (N-Road = 311; Fence 

= 604, R-Road = 136, River = 728, and Control = 909). Summing and dividing the number of 

GPS locations in each distance bin by the total area of that bin, we found that the average 

number of GPS locations/km2 per bin in the N-Road was 1,655 (ranging from 0 to 14,333). For 

the Fence, the average was 966 (ranging from 0 to 4,589) and for the R-Road, the average was 

1,296 (ranging from 0 to 9,530). For the River, the average was 1,059 (ranging from 128 to 

3,342), while the number of GPS locations/km2 in the Control averaged 1,243 (ranging from 0 to 

4,148).  

To assess whether the N-Road, Fence, and R-Road influenced the distribution and area 

usage of the cheetah within the reserve (i.e., displayed edge effect responses), we first log 

transformed the number of GPS locations/km2 per bin for these three sections. As the number of 

GPS locations/km2 per bin for the River and Control were normally distributed we did not log 

transform this data. Our regression analyses then revealed no apparent correlation between the 

number of GPS locations/km2 and distance for the N-Road, Fence and R-Road (Table 3 and Figs. 

12-14). In the N-Road, we observed a high level of activity up to 90 m from the N2 national 

highway, after which we noted a gradual decrease in the number of GPS locations/km2 up to 500 

m. For the Fence and R-Road, cheetah activity remained consistent across all distance bins. In 

contrast, we found a weak positive correlation between the number of GPS locations/km2 and 

distance for the River, with cheetah activity remaining relatively consistent across all distance 

bins (Figs. 15). Finally, as expected, we observed no apparent correlation between the number of 

GPS locations/km2 and distance for the Control (Figs. 16) 

To determine whether the N-Road and R-Road influenced the distribution and area usage 

beyond a 500 m distance, our Chi-square test revealed that the average number of GPS 
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locations/km2 within the N-Road were significantly greater from the Control, while we found no 

apparent correlation between the R-Road and the Control (N-Road: χ2=58.573, df=1, P=<0.001;  

R-Road: χ2=1.106, df=1, P=0.2929).  

Table 3: Regression analyses summary of cheetah GPS location data for the 100 5-m distance 

bins in Amakhala Game Reserve in the Eastern Cape of South Africa. 

    N-Road Fence R-Road River Control 

Linear  

R 0.17 0.03 0.03 0.25 0.06 
df 98 98 98 98 98 
F 3.249 0.05 0.072 6.531 0.442 
P 0.075 0.824 0.789 0.012* 0.502 

Exponential  

R . . . 0.22 . 

df . . . 98 . 

F . . . 5.136 . 

P . . . 0.026* . 
* Shows significance 



 
 

.

 

Figure 12: Number of cheetah GPS locations/km2 within 100 5-m interval distance bins for the N-Road extending from the N2 

national highway in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit 

associated with the R2 value shown.
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Figure 13: Number of cheetah GPS locations/km2 within 100 5-m interval distance bins for the Fence extending from the boundary 

fence surrounding Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit 

associated with the R2 value shown.
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Figure 14: Number of cheetah GPS locations/km2 within 100 5-m interval distance bins for the R-Road extending from the R342 

public access gravel road in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best 

fit associated with the R2 value shown.
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Figure 15: Number of cheetah GPS locations/km2 within 100 5-m interval distance bins for the River extending from the Bushman’s 

River in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with 

the R2 value.
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Figure 16: Number of cheetah GPS locations/km2 within 100 5-m interval distance bins for the Control in Amakhala Game Reserve 

in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with the R2 value shown.
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Lion 

A total of 3,815 GPS locations were used in the following results (for N-Road = 373; 

Fence = 84, R-Road = 22, River = 3,149 and Control = 187). Summing and dividing the number 

of GPS locations in each distance bin by the total area of that bin, we found that the average 

number of GPS locations/km2 per bin in the N-Road was 1,983 (ranging from 0 to 25,230). For 

the Fence, the average was 135 (ranging from 0 to 958) and for the R-Road the average was 209 

(ranging from 0 to 3,809). For the River, the average was 4,428 (ranging from 1,168 to 13,563), 

while for the Control section the average was 254 (ranging from 0 to 1,154).  

To assess whether the N-Road, Fence, and R-Road influenced the distribution and area 

usage of the lions within the reserve (i.e., displayed edge effect responses), we first log 

transformed the number of GPS locations/km2 per bin for these three sections. As the number of 

GPS locations/km2 per bin for the River and Control were normally distributed we did not log 

transform this data. Our regression analyses) then revealed no apparent correlation between the 

number of GPS locations/km2 and distance for the N-Road, Fence, and R-Road (Table 4 and 

Figs. 17-19). In the N-road, we observed a high level of activity in the first 2 distance bins 

followed by consistently low activity thereafter. Similarly, a low number of GPS locations/km2 

of lion GPS locations were recorded across all the distance bins for the Fence, and for the R-

Road we observed little to no lion activity up to 500 m. In comparison, there was a moderate 

negative correlation between the number of GPS locations/km2 and distance from the River, we 

observed the opposite pattern for the River with the number of GPS locations/km2 increasing 

towards the river (Figs. 20). Finally, as expected, no apparent correlation between the number of 

GPS locations/km2 and distance for the Control (Figs. 21). 

To determine whether the N-Road and R-Road influenced the activity patterns and area 

usage beyond a 500 m distance, our Chi-square test revealed that the average number of GPS 
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locations/km2 per bin within the N-Road were significantly greater from the Control, while we 

found the  R-Road to be significantly less  from the Control (N-Road: χ2=1,336.362, df=1, 

P<0.001;; R-Road: χ2=4.374, df=1, P=0.0365;). This lower average for the R-Road may be an 

indication that the lions are avoiding the R342 at a greater distance than 500 m. Therefore, we 

extended the R-Road to 1,000 m and repeated the regression analyses for this section. After the 

extension, the R-Road average increased to 213 (ranging from 0 to 4,523). Our subsequent 

regression analyses found a weak positive correlation between the number of GPS locations/km2 

and distance for the R-Road (Table 5, Fig. 21). 

Since, the R-Road was found to have a significant positive relationship between the 

number of GPS locations/km2 and distance, we then conducted the ANOVA with a post hoc 

Tukey test. From the resulting ANOVA, we found a significant difference between the number 

of GPS locations/km2, and the grouped distance bins was revealed for the lion (R-Road: F = 

2.027, df = 19, P = 0.009). Although, the ANOVA showed a significant difference between the 

number of GPS locations/km2 and grouped distance bins, the post hoc Tukey test revealed no 

significant difference between consecutive groups (see Table A1 in Appendix A)
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Table 4: Regression analyses summary of lion GPS location data for the 100 5-mdistance bins in 

Amakhala Game Reserve in the Eastern Cape of South Africa. 

    N-Road Fence R-Road River Control 

Linear 

R 0.12 0.07 <0.001 0.59 0.08 

df 98 98 98 98 98 
F 1.52 0.467 0.017 52.935 0.631 
P 0.221 0.496 0.896 <0.001* 0.429 

Exponential 

R . . . 0.61 . 

df . . . 98 . 

F . . . 56.571 . 

P . . . <0.001* . 
         * Shows significance 

 



 
 

 

Figure 17: Number of lion GPS locations/km2 within 100 5-m interval distance bins for the N-Road extending from the N2 national 

highway in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated 

with the R2 value shown.

39



 
 

 

Figure 18: Number of lion GPS locations/km2 within 100 5-m interval distance bins for the Fence extending from the boundary fence 

surrounding Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated 

with the R2 value shown. 
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Figure 19: Number of lion GPS locations/km2 within A) 100 and B) 200 5-m interval distance bins for the R-Road extending from the 

R342 public access gravel road in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of 

best fit associated with the R2 value shown.
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Figure 20: Number of lion GPS locations/km2 within 100 5-m interval distance bins for the River extending from the Bushman’s 

River in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with 

the R2 value shown.
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Figure 21 Number of lion GPS locations/km2 within 100 5 m interval distance bins for the Control in Amakhala Game Reserve in the 

Eastern Cape of South Africa. The red dotted shows the linear line of best fit associated with the R2 value shown.
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Table 5: Regression analyses summary of lion GPS location data for the 200 5-mdistance bins in 

Amakhala Game Reserve in the Eastern Cape of South Africa.   

    R-Road 

Linear 

R2 0.22 
df 198 
F 9.792 
P 0.002* 

Exponential 

R2 . 

df . 

F . 

P . 
      * Shows significance
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Elephants 

A total of 6,690 GPS locations were used in the following results (for N-Road = 31; Fence = 

1,842, R-Road = 144, River = 3,265, and Control = 1,408). Summing and dividing the number of 

GPS locations in each distance bin by the total area of that bin, we found that the average number of 

GPS locations/km2 per bin in the N-Road was 166 (ranging from 0 to 1,077). For the Fence, the 

average was 2,947 (ranging from 1,135 to 4,606) and for the R-Road the average was 1,371 (ranging 

from 0 to 5,765). For the River, the average was 4,493 (ranging from 940 to 15,885), while for the 

Control the average was 1,344 (ranging from 148 to 3,249).  

To assess whether the N-Road, Fence, and R-Road influenced the distribution and area usage 

of the elephants within the reserve (i.e., displayed edge effect responses). As the number of GPS 

locations/km2 per bin for all the sections were normally distributed, we did not log transform this 

data. Our regression analysis revealed a weak positive relationship between the number of GPS 

locations/km2 and distance for the N-Road, we found little to no elephant activity within 500 m of 

the N2 national highway (Table 6, Fig. 22). There was no apparent correlation between the number 

of GPS locations/km2 and distance for the Fence, we observed a steady increase in the number of 

GPS locations/km2 within 500 m of the boundary fence (Fig. 23). Similar to the N-Road, a weak 

positive relationship between the number of GPS locations/km2 and distance for the R-Road, we 

observed a steady increase in the number of GPS locations/km2 within 500 m of the R342 (Fig. 24). 

In comparison, the River had a strong negative correlation between the number of GPS 

locations/km2 and distance (Fig. 25). Finally, as expected, we found no apparent correlation between 

the number of GPS locations/km2 and distance for the Control (Fig. 26).  
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Table 6: Regression analyses summary of elephant GPS location data for the 100 5-mdistance bins 

in Amakhala Game Reserve in the Eastern Cape of South Africa. 

    N-Road Fence R-Road River Control 

Linear 

R 0.23 0.11 0.28 0.73 0.03 

df 98 98 98 98 98 
F 5.633 1.242 8.364 108.288 0.074 
P 0.02* 0.268 0.005* <0.001* 0.786 

Exponential 

R . 0.13 . 0.72 0.03 

df . 98 . 98 98 

F . 0.1834 . 105.39 0.064 

P . 0.179 . <0.001* 0.802 
    * Shows significance 

 

To determine whether the N-Road and R-Road influenced the distribution and area usage 

beyond a 500 m distance, our Chi-square test revealed that the average number of GPS locations/km2 

per bin within the N Road were significantly different from the Control, while we found no apparent 

correlation between the R-Road and the Control (N-Road: χ2=918.996, df=1, P<0.001; R-Road: 

χ2=0.269, df=1, P = 0.6043). This lower average for the N-Road may be an indication that the 

elephants are avoiding the N2 national highway at a greater distance than 500 m. Therefore, we 

extended the N-Road to 1,000 m and repeated the regression analyses for this section. Once 

extended, the average number of GPS locations/km2 for the N-Road increased to 657 (ranging from 

0 to 5,286). Our subsequent regression analysis using the 1,000 m distance data then revealed a 

moderate positive correlation between the number of GPS locations/km2 and distance for the N-

Road (Table 7, Figs. 22). 
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Table 7: Regression analyses summary of elephant GPS location data for the 200 5-mdistance bins 

in Amakhala Game Reserve in the Eastern Cape of South Africa.   

    N-Road 

Linear 

R 0.52 

df 198 

F 72.357 

P <0.001* 

Exponential 

R . 

df . 

F . 

P . 
       * Shows significance



 
 

  

Figure 22: Number of elephant GPS locations/km2 locations within A) 100 and B) 200 5-m interval distance bins for the N-Road 

extending from the N2 national highway in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted indicates the 

linear line of best fit associated with the R2 value shown. 
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Figure 23: Number of elephant GPS locations/km2 within 100 5-m interval distance bins for the Fence extending from boundary 

fence surrounding Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted indicates the linear line of best fit 

associated with the R2 value shown.
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Figure 24: Number of elephant GPS locations/km2 within 100 5-m interval distance bins for the R-Road extending from the R342 

public access gravel road in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted indicates the linear line of 

best fit associated with the R2 value shown.
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Figure 25: Number of elephant GPS locations/km2 within 100 5-m interval distance bins for the River extending from the Bushman’s 

River in Amakhala Game Reserve in the Eastern Cape of South Africa. The red dotted indicates the linear line of best fit associated with 

the R2 value shown.
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Figure 26: Number of elephant GPS locations/km2 within 100 5-m interval distance bins for the Control in Amakhala Game Reserve 

in the Eastern Cape of South Africa. The red dotted indicates the linear line of best fit associated with the R2 value shown. 
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Since, the N-Road was found to have a positive relationship between the number of GPS 

locations/km2 and distance, we then conducted the ANOVA with a post hoc Tukey test. From the 

resulting ANOVA, a significant difference was revealed between the number of GPS 

locations/km2 and consecutive distance bins for the N-Road (N-Road: F = 7.809, df = 19, P < 

0.001). The ensuing post hoc analysis further revealed a significant increase in number of GPS 

locations at a distance between 455 m and 500 m. On further investigation, we found the increase 

in GPS locations/km2 to occur at a threshold distance of 455 m (see Table A2 in Appendix A).  

As a threshold distance was identified, we explored whether the reduction in GPS 

locations near the N2 national highway was due to edge effect or habitat. This habitat assessment 

revealed that the elephant were significantly less likely to use grassland habitats, then savanna, 

karroid and oldland habitats and more likely to be found in Riverine, valley thicket, thicket and 

forest (F = 234.769, df = 7, P < 0.001, Table 8, Fig. 27). 

 



 
 

Table 8: Post hoc Tukey test summary of elephant GPS location per 100 m by 100m cell data for each habitat type found in Amakhala 

Game Reserve in the Eastern Cape of South Africa. 

Habitat N 1 2 3 4 5 6 7 

Grassland 2656 0.1297196       

Savanna 2681  0.1980358      

Karriod 1423  0.2270212 0.2270212     

Oldlands 1671   0.2444615     

Riverine 1055    0.2924551    

Thicket 736     0.3409464   

Valley 
thicket 733      0.4169237  

Forest 605       0.5553799 

P  <0.001 0.244 0.839 <0.001 <0.001 <0.001 <0.001 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 1084.834. 
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not guaranteed. 
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Figure 27: Number of elephant GPS locations in 100 m by 100 m cells within the eight habitat types present in Amakhala Game Reserve 

in the Eastern Cape of South Africa. Note that the data was log transformed with a constant and t, df, and P values for habitat comparisons 

were included. Error bars show ±1 standard error of each mean, X displays the mean, lines indicate the medium, and points show the data. 
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As grassland and savanna habitat were the only habitat type within 455 m of the N2 

national highway, we conducted the second analysis to determine if the presence of these 

habitats led to the avoidance the area. From the resulting ANOVA, we confirmed elephant 

activity up to a 455 m distance of the N2 national highway was significantly lower in the 

grassland and savanna habitat compared to grassland and savanna habitat in the rest of the 

reserve (F = 130.320, df = 1, P < 0.001; Fig. 28)

 

Figure 28: Number of elephant GPS locations in 100 m by 100 m cells within grassland and 

savanna habitat ≤455 m from the N2 national highway and similar habitat >455 m from the 

highway within the Amakhala Game Reserve in the Eastern Cape of South Africa. The data was 

log transformed with a constant. Error bars show ±1 standard error of each mean, X displays the 

mean, lines indicate the medium, and points show the data 
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DISCUSSION 
In this study, we found a species-specific edge effect response to the N2 national 

highway running along the northern border of Amakhala Game Reserve. As hypothesized, all 

four species were randomly distributed within the Control. Similarly, we found as predicted that 

leopard, lion and elephant concentrated their distribution and area usage around the Bushman’s 

River, with a ~17-fold increase in activity compared to the core of the reserve. As this river is a 

major water source within the reserve, the results of our study confirm that the river and riparian 

habitat represent an important water and foraging resource. Other studies support our findings 

stating that riparian habitat can provide a rich source of food for both herbivores and carnivores, 

with smaller herbivores being attracted to the river, which in turn will attract leopard and lion 

(Teren et al. 2018, Yiu et al. 2019). Furthermore, numerous studies have shown that the presence 

of riparian habitat represents one of the highest quality habitat types within any terrestrial 

ecosystem, benefiting a range of species from invertebrates to vertebrates (Naiman et al. 1993, 

Bateman & Merritt 2020, Firmiano et al. 2021). Thus, it is likely that the preservation and 

management of riparian habitat within the game reserve will be essential to the health and 

stability of Amakhala Game Reserve and others like it. 

Nevertheless, we found that cheetah did not concentrate their activities towards the river. 

Moreover, cheetah showed no preference or avoidance of any area in the reserve, despite the 

presence of anthropogenic features or proximity to the river. These results may have been due to 

the number of GPS locations collected and used in this study. The sample size could have been 

too small to demonstrate any preferences or avoidance effectively. However, it is likely that we 

would have observed some pattern of avoidance even with a small sample size if one or all of the 

anthropogenic features had influenced cheetah area usage. While some studies have shown that 

cheetahs do not avoid anthropogenic features, such as roads (Marnewick & Somers 2015; 
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Mohammadi et al., 2018), another more recent study suggested that they do (Parker et al. 2021). 

Clearly there is still a need for further research to confirm the types and circumstances under 

which cheetah may or may not avoid such features. One behavior a number of study agree upon, 

was that cheetahs avoid areas with lions in order to lower the risk of being killed by lion and/or 

to avoid direct food competition (i.e., interspecies competition,(Durant 1998, Broekhuis et al. 

2018, Parker et al. 2021). An example of this behavior can be seen in a study conducted in 

Phinda Private Game Reserve where the cheetah were seen leaving areas of the reserve when 

lion sounds were played back (Gigliotti et al. 2021). Conversely, the cheetah in Amakhala 

appeared to not avoid areas with lions, although the lack of activity in proximity to the river may 

indicate that cheetah were to some extent avoiding the lions which were concentrated by the 

river according to our results.  

Our study also revealed that all four species did not avoid the area in proximity to the 

boundary fence surrounding the Amakhala Game Reserve. This result demonstrates that at least 

these species do not display edge effects in response to this anthropogenic barrier. We were 

unable to find any studies that indicate that leopard, cheetah, and lion would or would not 

respond to fences, while we did find some studies that suggest elephant, impala, eland, and plain 

zebra which are found in Amakhala Game Reserve and similar reserves do show negative 

responses to fences (Vanak et al. 2010, Dupuis-Desormeaux et al. 2016). 

In regard to the road bisecting the Amakhala Game Reserve, we found that only lions 

appeared to be less active in areas in proximity to the R342 public road with a 17% decrease in 

lion activity 1,000 m from this road. As most of this road falls within the core of the reserve (Fig. 

1), these results could suggest that the lion distribution and area usage may be concentrated to 

the fringes of the game reserve, irrespective of the presence of any anthropogenic features. 

However, if activity was concentrated to the fringes of the reserve, we would have also observed 
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a similar increase in lion activity along the boundary fencing, which as mentioned above was not 

the case. For example, we recorded a 47% decrease in lion activity in proximity to the boundary 

fencing compared to the core of the reserve. Our study also revealed that lions did not avoid 

areas in the vicinity of the N2 national highway. Instead, they concentrated their activities in an 

area directly along the highway with a 13-fold increase in lion activity directly parallel to this 

road. On closer examination, we observed a spike in lion activity immediately along the N2 

national highway (i.e., within 5 m to 10 m of the northern boundary fence). Interestingly, the 

northern boundary of the reserve runs parallel to another reserve (Shamwari Game Reserve) on 

the opposite side of the N2 national highway. Personal accounts from the Amakhala ecologist, N. 

Fowler, have mentioned seeing the lion pride of Amakhala displaying territorial behavior (as 

described in (McComb et al. 1994, Wijers et al. 2021) along the northern fence line opposite 

Shamwari, perceived to be a territorial response to the lion pride in this neighboring reserve. In 

contrast to this finding, other studies have shown that the presence of humans and vehicular 

traffic increases stress behaviors in lions (Hayward & Hayward 2009, Creel et al. 2013). This 

territorial response clearly represents a priority to their ecology and many studies have 

highlighted the importance of such behavior (Pfefferle et al. 2007, Gray et al. 2017, Soso & 

Koziel 2017). Therefore, it appears as though defending their territory was of higher importance 

to the lions than avoiding vehicles traveling along the N2 national highway. 

In contrast to the lions, two species, leopard and elephant, displayed avoidance behavior 

to the N2 national highway running along the northern border of Amakhala Game Reserve. 

Unfortunately, we can only speculate that the leopard exhibited an avoidance >1,000 m from the 

N2 national highway, as we found no leopard GPS locations in proximity to the road up to this 

distance. However, due to the small number of GPS locations collected and used in this study, 

there were not enough locations to demonstrate that the leopard was significantly more active 



60 
 

elsewhere in the reserve. With continued monitoring and examination, we may be able to 

confirm avoidance behavior and potential edge effects. Nevertheless, a study in Nepal supports 

our theory, as it revealed that leopards avoided anthropogenic features, such as roads (Thapa et 

al. 2021). 

In comparison, we had a large number of GPS locations for the elephant and 

subsequently we were able to effectively demonstrate that elephants avoided an area within 455 

m of the N2 national highway.  More specifically, elephant activity decreased by 97% in this 

area compared to the Control and was also 31% lower than activity recorded in the area over 455 

m and up to 1000 m from the road. In addition, while our study confirmed that elephants 

preferred woodland and shrubland habitat to grassland and savanna habitat (for further examples 

of this habitat preference, see (Loarie et al. 2009, Codron et al. 2011), we found that the 

avoidance of the area in proximity to the  N2 national highway was not influenced by habitat 

type, as elephants were 89% more active in the grassland and savannahs elsewhere within the 

reserve. Therefore, our findings suggest that elephants were influenced by edge effects caused by 

the N2 national highway. Another study performed in Mikumi National Park, Tanzania supports 

our results, as elephants avoided a transnational highway within a distance of 600 m (Newmark 

et al. 1996). In both instances, the area avoided by the elephant along the highways represents an 

edge habitat. For example, the 50 km transnational highway in Mikumi National Park created an 

area of 60 km2 edge habitat with a threshold distance of 600 m, while creating an area of 23 km2 

edge habitat at a threshold distance of 455 m. Note in both instances, this area represents 1-2% of 

the total area of the park (3230 km2). Similarly, a 7.6 km section of the N2 national highway 

bordering Amakhala Game Reserve at the threshold distance of 455 m created a 3.4 km2 edge 

habitat. This resulted in a 5% loss in available habitat to elephants within the reserve, signifying 

that edge effects have a greater impact in smaller reserves. Thus, for those game reserves along 
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the N2 with a greater area paralleling the highway, these edge effects may be of greater concern 

and have a larger impact on the reserve.  

For Amakhala, the loss of available habitat to elephants may negatively affect the herd 

and further influence the reserve’s overall structure and health. If edge effects are to reduce the 

size and amount of available habitat to elephants then to effectively manage elephant populations 

within game reserves, a carrying capacity based on actual habitat availability may need to be 

considered, particularly where those reserves are small (Matthews 2021). Understanding, the 

carrying capacity of elephant is vital for the entire ecosystem of the reserve, as elephants are 

ecosystem engineers, which transform and modify their surrounding habitat (MacFadyen et al. 

2019). In larger game reserves, this transformation of habitat may have a positive impact and can 

lead to an increase in species richness (Thornley et al. 2020). In smaller game reserves this 

transformation of habitat can have the opposite effect and cause a decrease in species richness 

(O'Connor 2017). For example, large elephant populations have disrupted ecological succession 

in small reserves, preventing savanna to bush and woodland conversion, which increases the 

amount of savanna and grassland habitat (Teren et al. 2018). This disturbance to the abundance 

and distribution of habitat then affects other species, such as browsers by diminishing their 

available scrub and woodland habitat, and grazing species through the increase in grassland and 

savanna habitat (Boer et al. 2015). Therefore, in small game reserves, such as Amakhala, the 

elephant population should be carefully managed to ensure that the ecosystem remains stable and 

support a variety of species on the reserve.   

Furthermore, we need to understand why elephants are avoiding highways to help reduce 

these effects. Currently, we can only speculate that noise generated by passing vehicles along the 

N2 national highway could be causing this avoidance by the elephants. As elephants 

communicate with low frequency infra sound, for example, female elephants have been found to 
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alter their low frequency vocalization to communicate with male elephants during estrus (Leong 

et al. 2003). In addition, a study in India indicates that elephants avoided roads due to the high 

volume of traffic and suggested that this avoidance may be due to the noise and size of the 

passing traffic (Vidya & Thuppil 2010). Thus, vehicles may have generated a frequency similar 

to that used by elephants and, therefore, interrupted their communication (Mortimer et al. 2021, 

Wierucka et al. 2021). Note also that communication between elephants is likely to be limited to 

groups and specific life history stages, such as breeding season, which may explain why there are 

anecdotal reports of solitary non-breeding male elephants, which have been reported to reside in 

an area next to the N2 national highway. (Personal accounts from the Amakhala ecologist, N. 

Fowler). 

If a megaherbivore, such as an elephant, is affected, other smaller herbivores may 

potentially be affected, to a more significant extent. Other examples of large herbivores avoiding 

roads are the porcupine caribou (Rangifer tarandus granti) (Fullman et al. 2021), and elk 

(Cervus elaphus,(Prokopenko et al. 2017), presumably due to traffic noise and density. At the 

same time, other species may also be impacted by the presence of roads. For example, studies 

have revealed that bats are unable to forage in the vicinity of roads, because the noise from 

passing vehicles masks their echolocation (Bennett et al. 2013b). Other species impacted have 

been reported include the blue wildebeest, dwarf mongooses (Helogale parvula), impala, plains 

zebra, and pronghorn (Antilocapra americana) which all rely on acoustic communication, such 

as signals to warn conspecifics about approaching predators. Again these forms of 

communication may be  masked by traffic noise and, therefore, cause some species to avoid 

areas in proximity due to an increased perceived risk of predation (Brown et al. 2012, Kern & 

Radford 2016, Palmer & Gross 2018). Therefore, our study highlights the need for further 
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research to investigate species-specific edge effects caused by anthropogenic features in the 

landscape. 

While this study was limited to four species, it revealed species-specific differences in the 

distribution and area usage as a result of anthropogenic features. Further research is needed to 

understand anthropogenic edge effects in other smaller reserves along the N2 national highway 

and other reserves associated with high speed and/or high-volume roads, as well as assess the 

impact of such effects on other species. For this research, we recommend conducting a study that 

uses camera traps. as an alternative to GPS collars and tagging, as catching, and collaring 

individual animals can be logistically and financially limited. Furthermore, to decrease the 

impact of anthropogenic edge effects in Amakhala Game Reserve and neighboring reserves 

along the N2 national highway, we recommend combining reserves to form one large (i.e. 

remove boundary fences between the reserves) to allow animals to move freely between the 

reserves and provide populations with more contiguous habitat. 

CONCLUSION 
Our study suggests that we should consider the implications of anthropogenic edge 

effects when managing wildlife populations in small habitat patches, particularly nature 

preserves and reserves. As anthropogenic features, such as roads and fences, continue to 

fragment natural landscapes understanding the impacts and extent of edge effects can inform 

management strategies that aid conservation efforts. 



64 
 

APPENDIX 
Appendix A: Post hoc Tukey test analyses  

Table A1: Variation between the number of lion GPS locations/km2 and consecutive distance 

bins within the R-Road section in Amakhala Game Reserve in the Eastern Cape, South Africa. 

Tukey HSD 

Bins N 
Subset for alpha = 

0.05 
1 

1 10 0 
3 10 0 
5 10 0 
6 10 0 
7 10 0 
8 10 0 
12 10 0 
15 10 0 
9 10 0.2994 
13 10 0.3451 
16 10 0.5921 
10 10 0.5979 
11 10 0.6265 
2 10 0.6842 
18 10 0.9151 
17 10 0.9569 
20 10 1.1771 
14 10 1.188 
19 10 1.2088 
4 10 1.2383 

Sig. 10 0.065 
Means for groups in homogeneous subsets are 

displayed 
a. Uses Harmonis Mean Sample Size = 10 
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Table A2: Variation between the number of elephant GPS locations/km2 and consecutive 

distance bins within the N-Road section in Amakhala Game Reserve in the Eastern Cape, South 

Africa. 

Tukey HSD 

Bins N 
Subset for alpha = 0.05 

1 2 3 4 
1 10 0 . . . 
2 10 0 . . . 
3 10 0 . . . 
4 10 0 . . . 
7 10 0 . . . 
6 10 84.5001 . . . 
8 10 84.9856 . . . 
5 10 168.6192 . . . 
9 10 170.9519 . . . 
10 10 513.5362 513.5362 . . 
20 10 529.9391 529.9391 . . 
11 10 601.3654 601.3654 . . 
13 10 777.779 777.779 777.779 . 
17 10 787.7071 787.7071 787.7071 . 
16 10 1046.511 1046.511 1046.511 1046.511 
15 10 1217.025 1217.025 1217.025 1217.025 
12 10 . 1464.924 1464.924 1464.924 
19 10 . 1673.054 1673.054 1673.054 
18 10 . . 1930.49 1930.49 
14 10 . . . 2080.351 

Sig.   0.074 0.117 0.124 0.275 
Means for groups in homogeneous subsets are displayed 

a. Uses Harmonis Mean Sample Size = 10 
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ABSTRACT 
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Anthropogenic features influence habitat use by wildlife through edge effects.  Edge effects are 

behavioral responses to a feature that result in an area being avoided (edge habitat).  As wildlife 

protected areas are surrounded by fences and/or transected by roads, do edge effects have an 

impact on wildlife?  To explore this question, we examined GPS location data of 4 species in 

Amakhala Game Reserve in the Eastern Cape of South Africa, a fenced reserve bordered by a 

national highway and transected by a public road, to determine whether distance from the 

fencing and/or roads impacted species-specific area usage. We found that elephants (Loxodonta 

africana) displayed edge effects, avoiding an area up to 455 m from the highway.  The potential 

consequence is the loss of habitat for elephants, which has management implications.  Our study 

underlines the importance of recognizing edge effects to further inform conservation 

management of game reserves, particularly small ones. 
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