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effects of indirect anthropogenic mortality on the
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Abstract Because of the large home range requirements
of wide-ranging carnivores, protected areas are often too
small to maintain large populations. Consequently these
carnivores regularly move outside protected areas, where
they are likely to be exposed to anthropogenic mortality.
We used data from 15 packs of radio-collared African wild
dogs Lycaon pictus to examine the level of anthropogenic
mortality African wild dogs experience around Hwange
National Park, Zimbabwe, and tried to determine whether
the buffer zone outside the Park acts as an ‘ecological trap’.
Over time, study packs moved their territories closer to or
beyond the Park border. With the movement of territories
into the buffer zone outside the Park, African wild dogs
experienced an increasing level of anthropogenic mortality.
Although larger litters were born outside the Park, mortality
exceeded natality. Densities of the African wild dog in the
study area were low and territories for given pack sizes were
smaller outside the Park. Hence, the movement of packs
outside the Park does not appear to be density related and
the buffer zone is therefore unlikely to function as a classic
sink. Favourable ecological conditions indicate that the
buffer zone outside the Park is likely to serve as an ecological
trap, with fitness-enhancing factors attracting African
wild dogs outside the Park, where they are incapable of
perceiving the higher mortality risk associated with mostly
indirect anthropogenic causes. As far as we know this is one
of the first studies describing an ecological trap for
mammals.

Keywords African wild dog, anthropogenic mortality,
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Introduction

An increase in the human population worldwide has
resulted in fragmentation of habitat available to

wildlife, thus forcing animals to live in close proximity to
humans (Woodroffe, 2000; Inskip & Zimmermann, 2009).
Protected areas are often too small to maintain large
populations of wildlife, and wide ranging carnivores, in par-
ticular, regularly roam beyond reserve borders (Woodroffe
et al., 1997; Woodroffe & Ginsberg, 1998). By crossing
into unprotected areas animals are often accidentally or
deliberately killed by humans (anthropogenic mortality;
Woodroffe & Ginsberg, 1998; Loveridge et al., 2007; Balme
et al., 2009; Gusset et al., 2009; Inskip & Zimmermann,
2009). As a result, border areas of reserves have the potential
to become population sinks wheremortality exceeds natality
(Woodroffe & Ginsberg, 1998).

The detrimental effect of these sinks can be accelerated
by a vacuum effect, whereby removal of territorial indi-
viduals in the border areas results in vacant territories being
filled by individuals from within the protected area that
are attracted to these vacant territories by reduced levels
of competition for resources (e.g. food, den sites, mates)
(Loveridge et al., 2009a). For example, trophy hunting along
the boundary of Hwange National Park created territorial
vacuums that were filled by immigration of male lions
Panthera leo from the Park core area in search of better
mating opportunities (Loveridge et al., 2007, 2009a).
Variations on this vacuum effect have been described
for several other mammal species (Bailey et al., 1986; Ji et al.,
2001; Gunther & Terkel, 2002; Macdonald et al., 2006).

In a classic source-sink system, habitat choice is
advantageous; animals choose to be in source habitat
(natality.mortality) and will only move into sink habitat
(natality,mortality) when there is insufficient source
habitat available (Pulliam, 1988). Sometimes animals show
a preferential choice for sink habitat in which reproductive
success or adult survival is less than in other available
habitat, in that case animals are caught in an ecological trap
(Kokko & Sutherland, 2001; Schlaepfer et al., 2002; Battin,
2004; Robertson & Hutto, 2006). In an ecological trap,
habitat choice is disadvantageous; animals choose to move
into the sink habitat despite there being enough source
habitat available (Kristan, 2003; Battin, 2004). Hence, in an
ecological trap, the sink population can only be temporarily
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sustained by the source population before resulting in an
overall population decline (Kristan, 2003). Although eco-
logical traps have been described for birds and insects, few
studies have described ecological traps for mammals
(Schlaepfer et al., 2002; Robertson & Hutto, 2006).

Anthropogenic mortality around reserves has con-
tributed to a rapid population decline of the African wild
dog Lycaon pictus (Woodroffe et al., 1997; Woodroffe &
Ginsberg, 1998; Gusset et al., 2009), which is categorized as
Endangered on the IUCN Red List (Woodroffe & Sillero-
Zubiri, 2012). This decline is accelerated by the species’
sociality; African wild dogs hunt and breed cooperatively,
which has resulted in a positive relationship between aspects
of fitness and pack size (Courchamp & Macdonald, 2001;
Rasmussen et al., 2008; Gusset & Macdonald 2010).

Hwange National Park is the largest protected wildlife
area in Zimbabwe (Peace Parks Foundation, 2009). As in
other parts of Africa, the African wild dog population in
and around the Park has decreased dramatically. In 1997 it
was estimated there were 150–225 African wild dogs in this
area (Rasmussen, 1997; Woodroffe et al., 2004). Currently, the
population in and around the Park is believed to be 50–70
individuals (Zimbabwe Parks & Wildlife Management
Authority, 2009; Blinston et al., 2010). In this study we
examined the reasons for this decline. We examined causes
of mortality in and around the Park, the effect of territory
placement on recruitment, and whether the buffer zone
outside the Park functions as an ecological trap.

Study area

The c. 15,000 km2 Hwange National Park lies in north-west
Zimbabwe. The Hwange region is classified as semi-arid,

with a mean annual rainfall of 606 mm, and a wet season
from October to April. Vegetation comprises scattered
woodland scrub, mixed with grassland. African wild dog
prey species include impala Aepyceros melampus, kudu
Tragelaphus strepsiceros and duiker Sylvicapra grimmia.
Lions and spotted hyaenasCrocuta crocuta, the natural com-
petitors of African wild dogs (Mills & Gorman, 1997; Creel,
2001), occur in the study area. Data were collected along the
northern boundary of the Park, in an area of 6,000 km2 that
includes part of the Park and its peripheral area (Fig. 1).
Hwange National Park is a protected wildlife area, within
which there are no human settlements or main roads. The
Park is managed to minimize human impact and prevent
illegal activities such as poaching. The buffer zone is de-
signated for trophy hunting and to a lesser extent for photo-
graphic safaris. Most of this land is privately owned or state
owned, and there are several human settlements within the
buffer zone. The main tarmac road from Bulawayo to
Victoria Falls runs through part of the study area (Fig. 1).
As a consequence of the type of land use, the infrastructure,
and a high human density, anthropogenic mortality of wildlife
has historically been high in the buffer zone surrounding the
Park (Rasmussen, 1997; Loveridge et al., 2007).

Methods

Data collection

Data were collected by G.S.A.R, using radio tracking and
opportunistic observations (e.g. sightings from tourists and
hunters). Individual African wild dogs were identified using
their unique coat markings. Data from 15 radio-collared
African wild dog packs were used, collected between 1991

FIG. 1 The study area along the northern
boundary of Hwange National Park,
showing the protected wildlife area
without human settlements (Hwange
National Park), and the unprotected
buffer zone with human settlements,
designated for trophy hunting and
photographic safaris (wildlife areas,
farms). The rectangle on the inset
indicates the position of the main map
in Zimbabwe.
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and 2002, with a mean study duration of 29.5 ± SD 20.1
months per pack. A pack was defined as a potential breeding
unit containing at least an alpha male and an alpha female.
Social status was determined by direct behavioural obser-
vations. As soon as a pack had been located it was moni-
tored continuously, from a distance of > 50 m, for as long
as practically feasible (maximum 28 days). Activity was
monitored visually or from motion sensors incorporated
in the radio collars. Activity patterns were recorded at
5-minute scan intervals. Whenever a change in activity
mode or direction occurred, location fixes were taken by
using triangulation or visual observations and a global
positioning system.

Packs were followed for a maximum of 5 successive years
during which pack sizes, litter sizes, immigration, dispersals
and deaths were recorded. Pups were counted at the den
site as soon as possible after emergence from the den.
Records of mortality are based on cases for which the cause
of death was undisputed, with a carcass as evidence, and on
reports with strong circumstantial evidence (e.g. reports
of a dog shot coinciding with a dog missing from a study
pack known to be utilizing that area). For an overview of
African wild dog mortality over time, the data from the
known individual packs as well as data based on sightings
and reports between 1989 and 2010 were used (some of
these data were published previously in Woodroffe et al.,
2007).

In and around Hwange National Park African wild dog
pups are born in May–June. Hence, annual periods were
defined as starting with the denning season in May–June
and ending just before the denning season of the following
year. Age of individual African wild dogs was classified as:
adult, > 2 years old; yearling, > 1 year and , 2 years old;
pup, , 1 year old.

Analysis of data from study packs

For each pack position data for a given year were plotted
using ArcGis v. 9.3 (ESRI, Redlands, USA). TheHome Range
Tools v. 1.1 extension for ArcGis (Rodgers et al., 2007) was
used to calculate territory sizes and draw isopleths. To
avoid bias an average position per day was used and only
packs with. 50 points per year and> 1 point per week were
included in the analysis. A 95% fixed Kernel method using
least square cross validation (Seaman & Powell, 1996) was
used to determine territory sizes inside and outside Hwange
National Park. A 50% fixed Kernel method using least
square cross validation was used to calculate core areas
inside and outside the Park (Janmaat et al., 2009; Tolon
et al., 2009).

Based on the method used by Janmaat et al. (2009) and
Tolon et al. (2009), centroids for each territory were
determined by calculating the average of the X and Y
coordinates of the position data for a given pack in a given

year. For each year, distance of the territory centroids to
the Park border was determined. Distances inside the Park
were marked as positive values and distances outside the
Park as negative values (Tolon et al., 2009). Thus a gradient
was created, with a decrease in distance the further a pack
moved outside the Park. For different packs data were
collected over several years and therefore a new variable was
created by numbering sequential years. Data were available
for a maximum of 5 sequential years.

A linear mixed model, based on maximum likelihoods,
was used to analyse whether over succeeding years the
distance of the territory centroids to the Park border became
smaller. To control for possible pseudo-replication because
of the fact that some packs were followed over more
sequential years than others, we added individual pack
identity as a random variable in the analysis. A similar
model was used to determine whether there was a
relationship between pack size and distance of the centroid
to the Park border. To analyse whether there was a
relationship between the number of pups born in a litter
and the distance of the territory centroid to the Park border,
a linear mixed model was used with the variables pack size
and distance to the border, including pack identity as a
random variable. A similar model was used to analyse
whether there was a relationship between the distance of the
territory centroid to the Park border and dispersal and
immigration within a pack. To determine the relationship
betweenmortality and the distance of the territory centroids
to the Park border, the relative mortality was calculated by
dividing the number of individuals that died by the number
of living individuals. This calculation was made for overall
mortality, overall mortality known to have been caused by
humans (e.g. snares, cars, animals being shot), direct
mortality known to have been caused by humans (e.g.
animals being shot), indirect mortality known to have been
caused by humans (e.g. snares, cars), mortality known
to have been caused by natural circumstances (e.g. lions,
hyaenas, disease, old age), and mortality caused by
unknown circumstances.

To meet the assumption of normality, all mortality
proportions were arcsine square root transformed. For
the analysis of overall, human-caused (overall, direct and
indirect), natural, and unknown mortality, a linear mixed
model was used with distance of the territory centroid to the
Park border as a variable and pack identity as a random
variable. A similar model was used to determine whether the
distance of the territory centroid to the border affected
the size of territories and core areas used by the study packs.
A t-test was used to compare the mean territory and core
area size for packs with territory centroids inside and
outside the Park.

As the position of the centroid of an African wild dog
territory does not necessarily show whether the territory
covers land strictly inside, both inside and outside, or strictly
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outside the Park, mean values for pack size at the start
of a reproductive year and at the end of a reproductive year,
litter size, mortality, dispersal and immigration were cal-
culated for packs with a territory strictly inside the Park,
territories that extend both inside and outside the Park, and
territories strictly in the buffer zone outside the Park.

To illustrate the movement of African wild dog
territories over the years, a fixed kernel method using least
square cross validation (Seaman & Powell, 1996) was used to
draw isopleths of the 50% core areas, using the Home Range
Tools extension (Rodgers et al., 2007). Of the 15 study packs,
one was extirpated and one disbanded within their first year,
therefore we illustrate the movement of territories of only
13 of the 15 study packs.

Analysis of mortality data

Mortality data were analysed by displaying the frequencies
in a contingency table, using Pearson’s χ2 tests to see
whether there was a significant relationship between inside
or outside the Park, and human-caused or natural mortality.

All statistical analyses were performed with SPSS v. 16.0
(SPSS, Chicago, USA).

Results

Study packs

Over time the African wild dog packs moved the centroids
of their territories closer to or over the Hwange National
Park border (F4–295 12.18, P,0.001; Fig. 2). For an overview
of values for succeeding years see Table 1. This movement
was unidirectional; once a pack moved outside the Park it
did not move back inside.

Pack size at the start of a reproductive year was affected
by distance of the territory centroid to the Park border
(F1–415 5.53, P5 0.024), with an increase in pack size with
the movement of the centroid into the buffer zone outside
the Park (regression coefficient B5 −0.12 ± SE 0.05). Pack
size at the end of a reproductive year was not affected by
distance to the border (P. 0.05). The number of pups born
within a litter was affected by distance of the territory

FIG. 2 Movement of the core area
(50% kernel) of the territories of 13
African wild dog Lycaon pictus packs
(P1–5, P7–10, 13, 14, 16, 17): (a) the core
area of the packs at the start of the study
period, (b) the core area of the packs at
the end of the study period. The last four
digits of PackID-Year indicate the year the
pack was studied (the first two digits
indicate the year starting with the denning
season and the last two digits the year
ending just before the denning season the
following year; e.g. 9394 is 1993–1994).
Note that overlaps are not real but arise
from the fact that packs were observed
during different years.
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centroid from theParkborder (F1–295 11.04, P5 0.002), and
pack size at the start of a reproductive year (F1–335 14.70,
P5 0.001). Litter size increased with movement of
the centroid into the buffer zone outside the Park
(B5 −0.17 ± SE 0.05), and an increase in pack size
(B5 0.58 ± SE 0.15). Dispersal and immigration within a
pack was not affected by the distance of the territory
centroid to the Park border (P. 0.05). The distance of
the territory centroids to the Park border affected overall
mortality (F1–305 5.88, P50.022), mortality caused by
humans (F1–455 21.71, P, 0.001) and mortality caused
by natural circumstances (F1–455 4.38, P5 0.042) but not
mortality caused by unknown circumstances (P. 0.05).
Overall mortality increased with the movement of the
centroid into the buffer zone (B5 −0.74 ± SE 0.30), as
did mortality caused by humans (B5 −1.16 ± SE 0.25).
Mortality caused by natural circumstances decreased
with the movement of the centroid into the buffer zone
(B5 0.54 ± SE 0.26). The distance of the territory centroid
to the Park border affected both direct (F1–445 8.79,
P5 0.005) and indirect (F1–455 8.88, P5 0.005) human-
caused mortality, with an increase in direct
(B5 −0.53 ± SE 0.18) and indirect (B5 −0.72 ± 0.24)
human-caused mortality with the movement of the centroid
into the buffer zone.

Territory size was affected by distance of the territory
centroid to the Park border (F1–435 11.89, P5 0.001), with a
decrease in territory size with the movement of the centroid
into the buffer zone (B5 21.84 ± SE 6.33). A similar result
was found for the core area used (F1–435 10.84, P5 0.002),
showing a decrease with movement of the centroid
outside the Park (B5 5.99 ± SE 1.82). Mean territory size
for packs with a territory centroid inside the Park
was 1,243.13 ± SE 103.76 km2, which was significantly larger
than the 809.64 ± SE 86.69 km2 for packs with a territory
centroid outside the Park (t(42)5 3.21, P5 0.003). There was
also a significant difference in the size of the core area
for packs with a territory centroid inside and outside the
Park (t(42)5 2.96, P5 0.005): the core area for packs
with a centroid inside the Park was 308.50 ± SE 30.25 km2;
for packs with a centroid in the buffer zone it was
192.53 ± SE 24.82 km2.

Based on the mean values for packs with a territory
strictly inside the Park, covering both land inside and outside
the Park, or strictly outside the Park, it was found that even
though pack size at the start of a reproductive year and the
number of pups born outside the Park was higher, the overall
mortality of African wild dogs was so high that there was
effectively no recruitment and packs fell apart in groups
below the minimal pack size of six individuals, necessary
for optimal reproduction (Courchamp & Macdonald, 2001;
Rasmussen et al., 2008; Table 2). Eleven of the 15 study packs
were extirpated, with seven extirpations confirmed to have
been caused by anthropogenic mortality.

Mortality data

From 1989 to 2010, 327 African wild dogs were reported
dead. The majority (71.6%) of these deaths occurred in the
buffer zone outside the Park, with a ratio of 1 dead individual
inside the Park to 2.5 dead individuals outside the Park.
Humans directly caused 61.8% of the reported deaths
and 73.3% of the deaths if cascading effects were accounted
for (i.e. pups and yearlings that died of starvation because
adults were killed by humans; Table 3). Most (67.9%)
anthropogenic causes of mortality were indirect, such
as snares and road kills. Direct human-caused mortality
(i.e. animals being shot) occurred between 1991 and 2000.
After 2000 all cases of anthropogenic mortality were
indirect.

There was a significant association between inside or
outside the Park and whether or not mortality was caused by
human or natural circumstances (χ25 100.99, P, 0.001).
Based on the odds ratio, the odds of mortality caused by
humans were 46.71 times higher outside the Park.

Recent observations

Although detailed information about pack sizes and
territory movement was mainly collected between 1989

and 2002, individual observations show that the problem
still exists. In 2009 and 2010. 3,000 snares were collected in
the buffer zone around Hwange National Park (Blinston
et al., 2010). In August 2009 a pack of seven African wild
dogs was released inside the Park in an area without
resident packs. The pack moved out of the Park and within
, 3 months was extirpated; two African wild dogs were
killed on the main road, two were killed by snares, one
dispersed, one individual was never seen again and was
presumed dead, and one individual was recaptured.

In October 2006 a pack of 11 African wild dogs was
released from the Painted Dog Conservation facilities. The
pack established a territory outside Hwange National Park
but within 3 months the first individuals were killed by
snares. Of the 11 released, five died in snares, one individual
was seriously injured by a snare and had to be recaptured,

TABLE 1 Outcome of the linear mixed model for the distance from
the centroid of African wild dog Lycaon pictus territories to the
Hwange National Park (Fig. 1) border over succeeding years,
showing that over time the centroids moved closer to or over the
border.

B SE df t P

Intercept −11.22 3.88 43.94 −2.90 0.006

Year (Year 5 used as a reference)
Year 1 17.28 3.47 29.12 4.99 0.000
Year 2 11.73 3.47 28.95 3.38 0.002
Year 3 7.41 3.52 28.75 2.11 0.044
Year 4 5.92 3.67 28.50 1.61 0.118
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two individuals were killed by lions, two of the remaining
three died for unknown reasons, and one remaining
individual was recaptured.

Discussion

Although African wild dogs experienced a high level
of anthropogenic mortality outside Hwange National
Park, they moved their territories closer to, or over, the
Park border. In a classic source-sink system, movement of
animals into the sink is density dependent; i.e. surplus
animals from the high-quality source habitat are forced
to migrate into the low-quality sink habitat because there
is not enough source habitat available (Pulliam, 1988;
Pulliam & Danielson, 1991; Dias, 1996). Although the rate of
migration could increase because of a vacuum effect, the

movement of animals remains density dependent; animals
move into the sink because lower population densities
within the sink habitat reduce competition. However, the
movement of African wild dogs into the buffer zone
is unlikely to be density dependent because initially packs
established territories inside the Park, and population
densities were low both inside and outside the Park. The
fact that territory sizes outside the Park were smaller than
those inside the Park supports this theory, as generally
territory sizes and population densities are negatively
related (Marker & Dickman, 2005; Loveridge et al., 2009a;
Schradin et al., 2010).

Territory sizes have also been found to be negatively
related to prey density (Marker & Dickman, 2005; Loveridge
et al., 2009b) and are seen as an indication of resource
distribution (Grant et al., 1992). The smaller territories
outside Hwange National Park could therefore be inter-
preted as an indication of higher prey abundance. Densities
of kudu and impala were similar inside and outside the Park,
but duiker densities were higher outside the Park (Van der
Meer et al., 2013). However, foraging distance (the distance
at which a pack first encounters prey), the number of hunt
periods per day and diet composition did not differ inside
and outside the Park (Van der Meer et al., 2013), and it
therefore seems unlikely that differences in duiker abun-
dance explain the observed differences in sizes of territories
and core areas.

African wild dogs often coexist with lions and spotted
hyaenas, which are known to affect African wild dogs by
interspecific killing (Reich, 1981; Woodroffe et al., 1997) and
kleptoparasitism (Reich, 1981; Creel, 2001; Gorman et al.,
1998). The risk of African wild dogs encountering lions and

TABLE 2 Mean recruitment (± SE) of African wild dogs per reproductive year in relation to placement of territory inside (n5 18) Hwange
National Park (Fig. 1), at the border (n5 33), or outside the Park (n5 13), and overall.

Location of territory

TotalInside Border Outside

Pack size at start 4.50 ± 0.63 6.63 ± 0.54 6.00 ± 1.23 5.92 ± 0.42
Pups born 5.69 ± 0.56 6.22 ± 0.68 7.83 ± 1.77 5.51 ± 0.56

Mortality of pups
Total 3.08 ± 0.51 3.58 ± 0.45 5.36 ± 1.33 3.87 ± 0.42
Human 0.17 ± 0.17 0.96 ± 0.34 3.00 ± 1.13 1.23 ± 0.34
Natural 1.83 ± 0.65 1.29 ± 0.30 0.82 ± 0.38 1.32 ± 0.24
Unknown 1.08 ± 0.48 1.33 ± 0.33 1.55 ± 1.01 1.32 ± 0.31

Mortality of adults & yearlings
Total 0.50 ± 0.17 1.60 ± 0.32 2.54 ± 0.87 1.49 ± 0.26
Human 0.00 ± 0.00 1.23 ± 0.32 2.08 ± 0.90 1.06 ± 0.26
Natural 0.22 ± 0.13 0.17 ± 0.07 0.15 ± 0.10 0.18 ± 0.06
Unknown 0.28 ± 0.14 0.20 ± 0.10 0.31 ± 0.18 0.24 ± 0.07

Immigration 0.00 ± 0.00 0.37 ± 0.23 0.23 ± 0.12 0.24 ± 0.12
Dispersal 0.50 ± 0.29 1.14 ± 0.30 2.00 ± 1.12 1.14 ± 0.29
Pack size at end 5.44 ± 0.90 6.43 ± 0.62 4.15 ± 1.21 5.71 ± 0.48
Recruitment 0.94 ± 0.50 −0.27 ± 0.63 −1.85 ± 1.38 −0.25 ± 0.46

TABLE 3 Causes of mortality (expressed as a percentage) of African
wild dogs from 1989 to 2010 inside and outside Hwange National
Park (Fig. 1).

Inside, % (n) Outside (%)

Human causes
Snare 0.0 (0) 25.6 (60)
Road traffic 5.4 (5) 12.0 (28)
Shooting 0.0 (0) 18.8 (44)

Natural causes
Lions and hyaenas 17.2 (16) 3.9 (9)
Starvation 12.9 (19) 11.5 (27)
Natural other 20.4 (19) 9.8 (23)

Unknown causes 44.1 (41) 18.4 (43)

Total 28.4 (93) 71.6 (234)
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spotted hyaenas was significantly higher inside compared to
outside Hwange National Park (Van der Meer et al., 2011).
This could explain why natural mortality decreased with an
increase in distance of the territory centroid into the buffer
zone outside the Park. African wild dogs have been found
to move significantly longer distances after a kill when
lions and spotted hyaenas are present (Rasmussen, 2009).
With a lower level of competition with lions and spotted
hyaenas in the buffer zone (Van der Meer et al., 2011)
African wild dogs possibly travelled less extensively to avoid
them, which could have contributed to smaller territory
sizes outside the Park.

As well as a higher hunting success and less competition
with lions and hyaenas, African wild dogs outside Hwange
National Park have been found to have better access to
suitable den sites (Van der Meer, 2011). With an increase in
litter sizewith themovement of the territory centroid outside
the Park, it seems that the buffer zone serves as an ecological
trap, where fitness-enhancing favourable ecological con-
ditions attract African wild dogs unable to perceive the
higher mortality risk posed by humans. The fact that the
movement of African wild dog territories is unlikely to
be density dependent supports this theory.

Ecological traps occur when sudden natural or human-
induced changes cause formerly reliable ecological cues to
be no longer associated with an adaptive outcome, causing
animals to make a maladaptive choice for a habitat in which
their reproductive success or adult survival is diminished
(Kolbe & Janzen, 2002; Kristan, 2003). Studies on animals
that experience direct anthropogenic mortality through
shooting have shown that it is possible for animals to
perceive and respond to direct human-caused mortality
by changing their spatial distribution and/or temporal
activity pattern (Kilgo et al., 1998; Swenson, 1999; Tolon
et al., 2009; Rasmussen & Macdonald, 2012). With most of
the anthropogenic causes of mortality in this study being
indirect, it is unlikely that African wild dogs could
adequately perceive and respond to the higher anthropo-
genic mortality risk in the buffer zone.

Within an ecological trap the sink population can only
be temporarily sustained by the source population before
resulting in an overall population decline (Kristan, 2003).
Since 1997 the African wild dog population in and around
Hwange National Park has been reduced by . 50%
(Rasmussen, 1997; Woodroffe et al., 1997; Zimbabwe Parks
& Wildlife Management Authority, 2009), indicating that
the source population no longer supports the sink popu-
lation. This decline is likely to be accelerated by the
positive relationship between pack size and reproduction;
once the number of pack members drops below a critical
size reproduction decreases (Courchamp & Macdonald,
2001; Rasmussen et al., 2008; Gusset & Macdonald 2010).
Landscapes that, viewed in a source–sink framework, would
be expected to support a stable population may instead lead

to extirpation of a population, if sinks are actually traps
(Delibes et al., 2001; Kokko & Sutherland, 2001; Gilroy &
Sutherland, 2007). To ensure adequate conservation of a
species it is important to define whether a system serves as
a classic source–sink system, where resources are most
efficiently used by conserving high-quality habitat to
maintain the source population, or whether a system serves
as an ecological trap, where conservation efforts should
focus on reducing the attractiveness or increasing the
quality of the low-quality habitat to prevent rapid extir-
pation of the species.

To prevent extirpation of African wild dogs in and
around Hwange National Park conventional fencing
(Gusset et al., 2008) or bio-fencing using scent mark
deployment (Jackson et al., 2012) could be considered.
Although both types of fencing have been successfully
used to restrict the ranging behaviour of African wild
dogs (Gusset et al., 2008; Jackson et al., 2012) it comes at
considerable ecological costs because it reduces connectivity
and obstructs natural dispersal (Somers et al., 2012). Because
of favourable ecological conditions, the buffer zone has the
potential to be themost productive African wild dog habitat.
Increasing the quality of the buffer zone by reducing the
level of anthropogenic mortality through the prevention
of illegal activities such as poaching, and the promotion of
a positive attitude towards African wild dogs, is therefore
likely to be the best solution to ensure recovery of the
African wild dog population in and around Hwange
National Park.
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