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Abstract

While protected areas are a centrepiece of conservation, populations of animals in

protected areas can still be subject to considerable human influence. Conservation

theory suggests that many species should live at lower densities at the periphery of

protected areas compared with the core area. Similarly, but more specifically,

species subject to exploitation are expected to have lower densities in areas close to

human settlements compared with more remote areas. Drawing upon distribu-

tional data of eight large African herbivore species (buffalo Syncerus caffer,

elephant Loxodonta africana, giraffe Giraffa camelopardalis, impala Aepyceros

melampus, topi Damaliscus lunatus, warthog Phacochoerus africanus, waterbuck

Kobus ellipsiprymnus and zebra Equus quagga) sampled using ground surveys in

1995 and 1996, and seven large herbivore species (the same species without

impala) sampled using aerial surveys from 1987 to 2009, we fitted logistic regres-

sion models and used an information theoretic model selection approach to test

these two hypotheses in an East African savannah national park subject to illegal

hunting from outside. In the vast majority of herbivore species, occupancy was not

substantially affected by being close to the edge of the park or in close proximity

to human villages. Furthermore, population declines witnessed in this protected

area were not reflected in reduced occupancy near park boundaries. We conclude

that assumed distributional differences between peripheral and core parts of

reserves are not necessarily supported by empirical evidence, and that population

declines within reserves do not inevitably proceed from boundaries inwards.

Introduction

Protected areas are the backbone of conservation and are

intended to be safe havens for the species’ inhabiting them,

but it is well recognized that many protected areas do not

function very effectively (e.g. Caro & Scholte, 2007; Stoner

et al., 2007a; Western, Russel & Cuthill, 2009; Craigie et al.,

2010). Unfortunately, we do not yet understand changes in

species distributions, declines in abundances or species

losses that occur within protected areas, or the mechanisms

that cause these ecological changes (Chape et al., 2005;

Gaston et al., 2006), although conservation theory does

predict that losses will be greatest in small reserves

(Diamond, 1975) and in reserves surrounded by high human

densities (Woodroffe, 2000; Parks & Harcourt, 2002).

Inside reserves, effective protection is likely to vary by

location because of abiotic factors and numerous indirect

and direct human activities that often occur immediately

outside and just inside reserve borders, such as firewood

collection, cattle grazing, bush fires, fishing and hunting,

that can affect plants and animals living inside the periphery

of the reserve (Laurance, 2010). Protection of peripheral

portions of reserves is one of the reasons for placing buffer

zones around reserves, as advocated by the United Nations

Educational, Scientific and Cultural Organization’s Man

and the Biosphere Programme (Batisse, 1986), and is for-

malized in the International Union for Conservation of

Nature’s protected area categories IV through VI (e.g.

Hansen et al., 2011). This sort of edge effect can be termed

the core–periphery phenomenon (CPP). In addition, in

those reserves delineated to protect dry season concentra-

tions of large mammals (e.g. Caro, 2003), key resources are

often in central parts of protected areas, while areas closer

to park boundaries may be less attractive to wildlife during

dry seasons.

Individuals of species living in a reserve but just within its

border, and that are sought after by people, are more likely

to be subject to anthropogenic disturbance, and hence are

hypothesized to live at lower population densities compared

with individuals in the reserve centre, or they may be entirely

absent just inside the reserve boundary. In the tropics, for

instance, bushmeat hunters enter protected areas from

outside but to a decreasing extent with distance from their

settlements (Hill et al., 1997; Muchaal & Ngandjui, 1999;
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Metzger et al., 2010; Lindsey et al., 2011), and are therefore

expected to have greater effects on wildlife in parts of pro-

tected areas that are easily accessible to human hunters

(Yackulic et al., 2011). This can be termed the local exploi-

tation phenomenon (LEP), which is a more specific version

of the CPP. For both these reasons, species exploited by

people are predicted to suffer greater mortality at reserve

peripheries than at the centre, or in the case of animals,

perhaps to actively avoid reserve peripheries, both of which

will result in lower densities at reserve margins.

Despite reserve edge effects being part of conservation

dogma (e.g. Groom, Meffe & Carroll, 2005; Primack, 2010),

the topic has actually received little empirical attention. The

most cited studies focus on large carnivore species

(Woodroffe & Ginsberg, 1998; see also Revilla, Palomares

& Delibes, 2001; Balme, Slotow & Hunter, 2010). These

investigations show that large carnivore species that have

large individual home ranges that extend beyond reserve

boundaries require larger reserves to sustain viable popula-

tions. Findings are attributed to human-induced mortality

outside reserves, which drains a population within the

reserve to a point where it is no longer viable.

To examine the generality of the idea that reserves are

spatially heterogeneous in terms of their conservation func-

tionality, here we examine predictions of both the CPP and

LEP hypotheses in relation to herbivore distributions within

a protected area in East Africa, Katavi National Park.

Using occupancy data for several large wildlife species, the

CPP hypothesis predicts that occupancy is higher in core

areas compared with edge areas of this park. This effect

might be more pronounced during the dry season since

Katavi National Park was originally gazetted to protect dry

season water sources. Given that wildlife populations in the

Katavi-Rukwa ecosystem are subject to substantial hunting

offtake from local people living to the north and south of

the park, the LEP hypothesis predicts that occupancy of

wildlife species should be lower in areas close to human

settlements. Additionally, we would expect that wildlife

populations would decline disproportionately over time

in edge areas where they are subject to anthropogenic

pressures.

Methods

Study site

Our study site was Katavi National Park (NP) in Rukwa

Region of western Tanzania (6°35’–7°05’ S, 30°45’–31°25’ E).

The park was gazetted in 1974, and in 1998 it was extended

to the east and south-east and now constitutes the country’s

third largest NP. We used its pre-1998 extension boundaries;

the study area covered an area of 2253 km2 (Fig. 1a). The

area is part of the central Zambezi miombo woodlands

ecoregion (Burgess et al., 2004) but, unusually for miombo,

is characterized by trees of the Terminalia and Combretum

genera (Banda, Schwartz & Caro, 2006; Banda et al., 2008).

A great diversity and abundance of large mammals occur in

this area (Caro, 1999a,b, 2003), which is currently under

Figure 1 (a) Map of Katavi National Park (original boundaries; the park

was later extended to the east in 1998), six numbered ground

transects, location of nearest surrounding villages (black dots to the

north and south of the park), and the areas surrounding the park.

Insert shows the location of Katavi in Tanzania. (b) Map of Katavi

National Park showing the location of 5 ¥ 5 km grid squares imme-

diately adjacent to the old park boundary and within 10 km of the

boundary (CPP hypothesis). (c) Location of 5 ¥ 5 km grid squares

immediately adjacent to the hard boundaries north and south of the

park and within 10 km of those boundaries (LEP hypothesis). CPP,

core–periphery phenomenon; LEP, local exploitation phenomenon.
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several different forms of protection. The dry season lasts

from June to November, and the wet season from December

to May.

The NP is administered and patrolled by Tanzania

National Parks; no settlements or exploitation are allowed

within NP boundaries. To the west of the NP lies the

Nkamba Forest Reserve, and to the south-west is the Lwafi

District Game Reserve. No settlements are allowed in these

two areas, but logging and hunting companies operate

there. To the north-east is the Msanginia Forest Reserve,

where both legal and illegal logging and legal mining and

fishing occur but no settlements are allowed. Formerly, to

the east of the NP was Mlele Game Controlled Area, where

legal logging and hunting occurred but this area achieved

NP status in 1998 (Caro, 2011). The western and eastern

sides of the NP, therefore, constitute soft boundaries. Addi-

tionally, the northerly and southerly boundaries are subject

to firewood collection, cattle grazing and fishing expedi-

tions. These anthropogenic activities in the periphery of the

well-protected NP therefore provide an opportunity to test

predictions of the CPP hypothesis.

To the north of the park there is an open area (c. 7000

persons in the ward in 2002) with scattered villages, the most

prominent of which is Sitalike, immediately on the NP

boundary. To the south of Katavi NP lies Usevya Open

Area (c. 16 000 people in the ward in 2002); within 12 km of

the old park boundary are five villages. It is illegal to hunt

animals in open areas without a licence, but in practice,

illegal subsistence hunting is widespread (Caro, 2008), so

given the proximity of villages, the northern and southern

boundaries of the NP constitute areas of human influence

and can be thought of as hard boundaries. This provided an

opportunity to test spatial predictions raised by the LEP

hypothesis for reserve functionality.

Ground counts to determine presence

We used two methods to examine distributional differences

of wildlife species between periphery and core of the NP.

Ground surveys were conducted by regularly (almost every

month, always between dawn and 10:30 ) driving six

vehicle transects along all the minor tracks in Katavi NP at

that time (Fig. 1a) between September 1995 and December

1996 (Caro, 1999a). Transects passed through seven differ-

ent types of woodland and plains habitats (see Caro, 1999a).

Mammal species were counted on both sides of transects up

to an estimated distance of 500 m; species were relatively

tame and rarely fled from vehicles. For analyses, we consid-

ered only species that are easily detected, and for which we

had > 100 independent sightings: elephant Loxodonta afri-

cana (n = 114 sightings), giraffe Giraffa camelopardalis

(n = 238), buffalo Syncerus caffer (n = 254), zebra Equus

quagga (n = 230), topi Damaliscus lunatus (n = 172), water-

buck Kobus ellipsiprymnus (n = 296), warthog Phacochoerus

africanus (n = 235) and impala Aepyceros melampus

(n = 118). We plotted each independent sighting (i.e. herds

or groups of one species were considered as one sighting) on

a map, and assigned to it the distance to the nearest park

boundary (measured in 2-km intervals) and the main habitat

type (open habitat vs. woodland). These locations were used

as presence data in our distribution models.

Open habitat corresponded to grassland, wooded grass-

land and bushed grassland; woodland habitat corresponded

to three types of woodland and bushland (see Caro, 1999c).

Using the vehicle transect data, we only tested the CPP

hypothesis because there were insufficient transects to the

north and south of the NP.

Aerial counts to determine presence

To test both the CPP and the LEP hypotheses, we consid-

ered aerial surveys for Katavi National Park available to us.

These were dry season surveys 1987, 1991, 1998, 2002, 2006

and 2009, and the wet season surveys 1988, 1995 and 2001

obtained from Serengeti Ecological Monitoring Pro-

gramme, Tanzania Wildlife Conservation Monitoring Pro-

gramme and Conservation Information Monitoring Unit

reports of repeated systematic reconnaissance flights of an

area of c. 12 000 km2 (see Caro, 2011, for references). Such

data have been extremely useful in documenting animal

population changes over wide areas of Tanzania (Stoner

et al., 2007b). Fixed-wing planes were used for travelling

along systematically placed, 5-km spaced transects (Norton-

Griffiths, 1978), and animal sightings were plotted on maps

at a resolution of 5 ¥ 5 km grid cells. Unfortunately, animal

densities per grid cell were reported inconsistently across

years, and hence we applied a presence/absence approach

(occupied cells = 1, unoccupied cells = 0). Given the coarse

spatial resolution of the aerial census data and our two

hypotheses, we used two different approaches to define

‘edge areas’ inside the NP. For testing the CPP hypothesis,

we defined lines of grid squares as edge areas (i.e. a band of

10 km within the park), and in a second approach, we

defined only the outermost line of grid squares as edge area

(i.e. a band of 5 km within the park) (Fig. 1b). In order to

test the LEP hypothesis, we compared only those 5 ¥ 5 km

grid squares that lay adjacent to just the northern and south-

ern boundaries of the NP close to villages with all other grid

squares in the NP (Fig. 1c); in the east and west, Katavi

borders other protected areas, so human encroachment is

unlikely to come from these directions. We examined

presence/absence of the eight species counted from the air in

grid squares along two bands (10 km in) because that is the

distance that people can easily walk into the NP, and along

the 5 km band as this is where the effects of human distur-

bance might be strongest.

We classified every grid square in the NP as either pre-

dominantly open habitat (usually floodplain) or wooded

habitat (miombo woodland) by superimposing the grid

squares over a vegetation map. We included data for

elephant (n = 26 presences during all aerial surveys), giraffe

(n = 38), buffalo (n = 61), zebra (n = 53), topi (n = 43),

warthog (n = 39) and waterbuck (n = 24); impala (n = 10)

were rarely detected and were not included in these analyses.

For each species, we fitted separate models; to allow com-

parisons with a previous study (Kiffner et al., 2009), we also

C. Kiffner et al. Edge effects and large mammals
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fitted models for all of our mammal species (wildlife) com-

bined. This was only done for the ground vehicle data,

however, because distributional data of certain species were

missing in some of the aerial data reports and only two years

contained distributional data of all species.

Statistical analyses and model selection

In order to model the distribution of animals counted from

vehicle transects, we required additional data representing

the range of environmental conditions (habitat type, dis-

tance to park boundary) in the covered region. Since we

used roads to assess distribution of animals, and hence fol-

lowed a potentially biased sample selection protocol (roads

are not likely to traverse a random suite of environmental

gradients in the park), we selected the background data

along the same gradient. This procedure is superior than

generating random background from the entire area

because differences in occurrence and background sampling

may lead to biased species distribution models (Philipps

et al., 2009). Therefore, we generated pseudo-absences

along each transect. Each pseudo-absence was spaced 100 m

apart from each other (a total of 1329 pseudo-absences). We

fitted mixed-effect generalized linear models with binomial

error structure (i.e. logistic regression models) using the

‘glmer’ function implemented in the R package ‘lme4’

(Bates, Maechler & Dai, 2008; R Development Core Team,

2011), and tested the effect of habitat type and distance to

park borders on the likelihood of animal presence; that is,

we defined the response variable as presence = 1 (locations

where animals were actually sighted) and pseudo

absence = 0 (the suite of environmental variables after each

100 m of transect). To account for the nested sampling

approach, we included the transect ID as a random effect;

transects usually crossed both open and woodland habitats.

Distribution and habitat selection of animals is likely to

vary by season (e.g. Ryan, Knechtel & Getz, 2006) and

definitely does so in this NP (Caro, 1999a). For simplicity

and because surveys were not carried out in the same years

and seasons, we fitted separate models for dry and wet

seasons. If animals used open habitat more often than

expected based on availability, we termed this as ‘prefer-

ence’ for open habitat. Given that most of our data samples

were not repeated within short time periods, we were not

able to estimate detection functions (e.g. MacKenzie et al.,

2003); hence, habitat ‘preference’ coefficients need to be

interpreted cautiously because vegetation dependent varia-

tion in species detectability might have biased statistical

inference.

For the aerial data, we fitted fixed-effects logistic regres-

sion models for each species, and tested the effect of habitat

type and location of the grid (all four different definitions of

periphery separately vs. core of the NP). We included the

year of the survey to test for temporal trends. As for the

vehicle transect data analyses, we fitted models for wet and

dry seasons separately.

For ground and aerial presence data, we fitted a range of

a priori defined candidate models (including an intercept-

only model) and used an information theoretic approach to

select the most parsimonious model (Burnham & Anderson,

2002). For the ground data, we used Akaike’s information

criteria (AIC) and AIC weights; for the aerial models, we

used the sample size corrected AICc and corresponding

weights (Burnham & Anderson, 2002). This approach

allowed us to identify whether adding a term for defining

periphery (the distance to the nearest park boundary as a

linear predictor for the ground data or a two-level factor

core vs. periphery for the aerial data) would improve the

model’s performance, and if so to identify which of the

periphery definitions (5 or 10 km CPP or LEP) would

explain animal presence best. Because support for candidate

models was often very similar, we used model averaging to

generate weighted effect sizes (Burnham & Anderson, 2002).

Results

Vehicle transect-based distribution models

For the dry season data, there was support that occupancy

of elephants and possibly buffalo was affected by distance to

the park boundary (Table 1). In both species, occupancy

increased with distance to the park boundary, thus lending

support to the CPP hypothesis. Additionally, occupancy of

these species was higher in open habitat compared with

woodland (Table 2). Occupancy of zebra, topi and warthog,

and all wildlife combined, was best explained by habitat

(Table 1), with all species having higher occupancy in open

habitats compared with woodland habitats (Table 2). Effect

sizes for habitat were particularly strong in zebra and topi

(Table 2). In giraffe, waterbuck and impala, occupancy was

not related to any of the tested variables.

For the wet season data, we found that occupancy of

waterbuck and all wildlife combined was affected by dis-

tance to park boundary (Table 1). Occupancy of waterbuck

increased with increasing distance from the park boundary

(supporting the CPP hypothesis). Also, occupancy of all

wildlife combined slightly increased with distance to park

boundary (supporting the CPP hypothesis) (Table 2). In

elephant, buffalo, zebra, topi, warthog and wildlife com-

bined, occupancy was mainly affected by habitat (Table 1),

with occupancy being consistently higher in open habitats

compared with woodlands. As for the dry season models,

occupancy of giraffe and impala was not associated with our

candidate variables (Table 1).

Aerial survey-based distribution models

Distributional models based on aerial censuses conducted

during dry seasons lend little support for either CPP or LEP

hypotheses (Table 3). Nonetheless, we found support for the

CPP hypothesis in giraffe (Table 3), which had lower occu-

pancy in the outer 5-km band of the park compared with the

core areas of the park (although this regression coefficient

was associated with a large standard error). In addition

to finding little model selection support for variables

Edge effects and large mammals C. Kiffner et al.
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associated with either CPP of LEP hypotheses, the model

averaged coefficients for these variables showed inconsistent

trends for the effect size across species (Table 4). In most

species (elephant, buffalo, zebra, topi and waterbuck), the

most supported models explaining occupancy contained

year and habitat (Table 3). In all these species, dry season

occupancy had declined over time and was higher in open

habitat compared with woodland habitat (Table 4). Despite

a decline over time in occupancy observed in many species,

there was no support for the hypothesis that occupancy

would decline faster in the periphery of the NP or in areas

assumed to be subject to considerable human exploitation.

Wet season distribution models suggested that distribu-

tion of zebra (5 km LEP) and topi (10 km LEP) was possi-

bly associated with the southern and northern borders of the

park (Table 3). Zebra occupancy was higher in the core

versus the 5-km band to the north and south (supporting the

LEP hypothesis), whereas topi occupancy was lower in the

core versus the 10-km band to the north and south. In zebra,

we also found evidence for a time–edge interaction term,

suggesting that zebra occupancy was slightly increasing in

the 5-km periphery over time. In both species, however,

regression coefficients of the LEP terms (and the year–LEP

interaction in zebra) were associated with large margins of

error (Table 4). Occupancy of giraffe, buffalo and water-

buck was best explained by year of the survey (Table 3); in

all species, wet season occupancy had declined over time.

Discussion

We found little support for either CPP or LEP in this

African NP despite our focus on large mammals that are

sought after by illegal hunters entering the NP (Caro, 2008;

Martin & Caro, in press). Results pertaining to CPP are

especially robust because they were generated by two inde-

pendent sampling methods: ground transects and aerial cen-

suses. Specifically, we found that only elephant and perhaps

buffalo were found more frequently in the core of the park

rather than on its periphery as based on ground transects

conducted during the dry season. We assume that the avail-

ability of surface water in the central parts of Katavi is an

important factor for these species (Caro, 1999a). Therefore,

the majority of herbivore species that we examined do not

appear to ‘avoid’ the park periphery even in the dry season.

Moreover, five species (giraffe, buffalo, zebra, topi and

waterbuck) have declined over time, as based on occupancy

data examined here, and several other species have declined

as based on population sizes (examined elsewhere, Caro,

2011), yet there seems little evidence that declines occur

mainly in edge areas of the NP. Surprisingly, given the

extent of illegal hunting in this park, there was no evidence

for LEP as based on aerial census data considering either a

5-km strip or a 10-km strip inside the park boundaries. At

first sight, therefore, hunting pressure from illegal hunters

does not seem to affect large mammal distributions to any

detectable extent in this NP.

Before accepting these findings, however, we need to con-

sider a number of methodological issues. The first potential

concern is that our analyses were insufficiently fine-grained

to detect strong spatial differences. We defined our edge

categories derived from the aerial census data as distances of

5 or 10 km from the NP boundary, but it possible that edge

effects are only manifested a very short distance from the

boundary. This seems unlikely given that people are occa-

sionally seen at some distances inside the NP (T. C., pers.

obs.), that gunshots are heard in proximity to a tourist camp

that is 8 km from the boundary, and that findings from a

foot survey carried out in Katavi NP in 2004 suggest that

most illegal activities occur within c. 5–10 km of the NP

border (see Fig 1 in Waltert, Meyer & Kiffner, 2009).

Moreover, other studies in Africa estimate highest poaching

probabilities within 5 km of protected area borders, that of

Lindsey et al. (2011) in Savé Valley Conservancy, Zimba-

bwe, for example.

Second, mammals may be easier to see in open habitats

(e.g. MacKenzie et al., 2003; Gu & Swihart, 2004), and edge

areas and habitat types were confounded to some degree.

The vehicle transects traversed mainly woodland near the

park boundaries and mainly open habitat in the core areas

of the park; a logistic regression showed a significant rela-

tionship between distance to park boundary and likelihood

of traversing open habitat. For the aerial design, we only

found significant confounding between habitat and edge

definitions for the 5-km CPP hypothesis. These findings

suggest that detectability might have been lower in the

periphery (more woodland) versus core of the park (more

open vegetation). Nonetheless, we focused on species that

can be detected reasonably well from the air (Jachman,

2002), and the findings from our analyses (absence of edge

effects) suggest that occupancy in the core versus periphery

was not substantially biased.

The third methodological concern is that we did not

record relevant variables that might have overridden edge

effects, such as food (Ryan et al., 2006) and surface water

availability (Redfern et al., 2003; Ryan et al., 2006; Ogutu

et al., 2010), or predation risk by natural predators (Valeix

et al., 2011). Nonetheless, these factors were – at least par-

tially – accounted for by the random-effects model used for

the ground data. Fourth, the small sample size of presences

recorded for some species during aerial surveys might have

further impeded detecting a significant signal of the spatial

contrasts. Finally, for the aerial occupancy models, we did

not consider factors that account for spatial and temporal

autocorrelation of occupancy of the grid cells. Albeit occu-

pancy of a grid cell by a given species is likely to be affected

by occupancy of the same species in neighbouring cells, and

whether the cell was occupied in a previous survey, failure

to account for these potential dependencies is unlikely to

affect our main conclusion; effect sizes might overestimate

‘true’ effect sizes, but it is unlikely that edge hypotheses

would be supported if we had included autocorrelation

terms.

Despite these methodological concerns, effects of CPP

and LEP might be absent, weak or undetectable given avail-

able data for all species in this NP. This is partially sup-

ported by data collected in the same NP using systematically

C. Kiffner et al. Edge effects and large mammals
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distributed foot surveys during the dry season 2004 (Kiffner

et al., 2009). This study, like ours, found a lack of effect of

location at the species level (except for topi), although, in

contrast to our findings which uncovered no effect of loca-

tion on combined wildlife occupancy, this earlier study

did find a significant correlation between distance to the

NP boundary and abundance of 16 species of herbivores

combined.

Parallel support for an absence of effects of CPP and LEP

comes from a recent, similar study conducted in the Masai

Mara National Reserve, Kenya. There, Ogutu et al. (2011)

conducted similar analyses (defining a 5-km edge area

within the protected area) based on aerial surveys conducted

from 1977 to 2009, and found that species’ declines over

time occurred uniformly throughout the protected area.

What could be responsible for the absence of LEP effects

in Katavi NP and potentially other protected areas? There is

no doubt that illegal hunting occurs in Katavi NP, and it

has been conjectured that hunting may be responsible for

the numerous declines in large mammal populations there

(Caro, 2008), although, more recently, changing water flows

within the NP may also be involved (Manase, Gara &

Wolanski, 2011). One possibility is that hunters prefer to

hunt in certain habitats or locations, which could override

any edge effects. Certainly, data from interviews with illegal

hunters indicate that they prefer to hide in thick bush to

avoid detection by anti-poaching patrols (Martin et al.,

unpubl. data). Another possibility is that herbivore birth

rates are sufficiently high in the park centre that individuals

disperse from their natal area, and thereby re-establish or

refill their populations in areas that have been heavily

hunted. If animals do not take account of predation risk by

humans, they might redistribute themselves according to

an ideal free distribution (Fretwell & Lucas, 1970) and

succumb to an ‘ecological hunting trap’ (Schlaepfer, Runge

& Sherman, 2002). In short, local sink-source dynamics

might occur, but we might be unable to detect them if they

are compensated by movements and re-distribution. Thus, a

more sensible approach for determining habitat suitability

would be to assess the spatial distribution of population

growth or decline in target species (e.g. Mosser et al., 2009).

It is worth noting that our species-specific results for large

herbivores contrast those found for lions Panthera leo in the

same NP; lions were less likely to occur within 3 km of the

edge of the NP than in the centre of the NP (Kiffner et al.,

2009). Besides being targeted by trophy hunters outside the

park, which could create a ‘vacuum-effect’ (Loveridge et al.,

2007), lions are also hunted by Sukuma (a pastoralist ethnic

group) young men on foot inside the NP (Borgerhoff

Mulder et al., 2009), both of which may be responsible for

reduced lion densities inside NP borders. It is interesting

that in carnivores that have larger home ranges for a given

body weight than herbivores (Carbone & Gittleman, 2002),

edge effects are manifested in spatial distribution of the

population, whereas this seems not to be the case for large

herbivores.

This is the fourth publication to demonstrate that wildlife

populations are in broad decline in this ecosystem (see also

Stoner et al., 2007b; Caro, 2008; Caro, 2011). Analyses here

indicate that buffalo, giraffe, topi, waterbuck and zebra

populations have all seen declines within the confines of the

old NP itself. Based on aerial surveys, significant declines in

population sizes have been reported for six additional her-

bivore species as well (Stoner et al., 2007b). Ground cen-

suses have additionally shown that lion and spotted hyaena

Crocuta crocuta populations are declining (Caro, 2011).

Reductions in this many species should be a cause for

serious concern. Changing water levels due to water diver-

sion outside the NP, widespread illegal hunting or both are

likely to be responsible (Caro et al., unpubl. data). Patterns

of wildlife decline in this area suggest that both issues need

urgent attention.

In conclusion, this analysis of large herbivore distribu-

tions did not find substantial differences in large mammal

species distributions between the park periphery and core

despite widespread declines in occupancy and population

sizes over time. These findings suggest that we cannot nec-

essarily assume that all exploited species will be subject to

edge effects (CPP) in a manner that conservation theory

would suggest. Furthermore, our analysis of large herbivore

distributions relatively near to human settlements in an area

known for illegal hunting (LEP) did not uncover reduced

herbivore occupancy inside the park periphery. At present,

we cannot distinguish whether population declines over

time are caused by processes primarily occurring from

reserve boundaries inwards as theory would suggest, or

whether these declines are caused by processes occurring

more homogenously in space. However, processes that

cause these declines in wildlife species apparently do not

manifest themselves in predicted changes in spatial distribu-

tion patterns.
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