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Abstract: We compared densities and distribution of wild ungulates and domestic livestock
based on aerial surveys conducted during 1991 - 2010 in northern parts of Gonarezhou National
Park (GNP), Zimbabwe. The sampled area covered approximately 320 km2 (Chipinda Pools
area) representing ca. 27 % of the GNP, which was colonized by a few herder families along with
their cattle in the year 2000. We hypothesized that (1) human and livestock encroachment in
the park would lead to decline in densities of native ungulates, and (2) wild ungulates would
avoid habitats influenced by humans. The results show that cattle densities significantly
increased after the year 2000 whereas the densities of the native ungulates did not differ
significantly after 2000. The ‘no change’ situation in herbivore populations is attributed to strict
anti-poaching measures and restriction of human activities within small portion (4 %) of the
park. However, the aerial survey does suggest that human and livestock presence in the
northern GNP did influence the distribution of wild ungulates. Repeat observations during
various seasons would be necessary to understand the spatio-temporal segregation among cattle
and wild ungulates.
Resumen: Comparamos las densidades y distribuciones de los ungulados silvestres y el
ganado doméstico basado en reconocimientos aéreos realizados durante 1991-2010 en el norte
del Parque Nacional Gonarezhou (PNG), Zimbabue. El área de muestreo cubre
aproximadamente 320 km2 (área de las Pozas Chipinda) que representa aproximadamente 27 %
del PNG, que fue colonizado por una pocas familias de pastores junto con su ganado en el año
2000. Nuestras hipótesis fueron: (1) que la invasión humana y la ganadería en el parque
llevaría a una disminución en las densidades de ungulados nativos, y (2) que los ungulados
silvestres evitarían los hábitats influenciados por los humanos. Los resultados muestran que las
densidades de ganado aumentaron significativamente después del año 2000, mientras que las
densidades de los ungulados nativos no difirió significativamente después de 2000. La situación
sin cambios en las poblaciones de herbívoros se atribuye a las medidas estrictas contra la caza
furtiva y la restricción de las actividades humanas en una porción pequeña (4 %) del parque. Sin
embargo, el reconocimiento aéreo sugirió que la presencia humana y la ganadería en el norte del
PNG sí han influido en la distribución de los ungulados silvestres. Haría falta realizar
observaciones repetidas durante varias temporadas para entender la segregación
espaciotemporal entre el ganado y los ungulados silvestres.
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Resumo: Compararam-se as densidades e distribuição de ungulados silvestres e animais
domésticos com base em levantamentos aéreos realizados durante 1991 - 2010, no norte do
Parque Nacional Gonarezhou (PNB), Zimbabwe. A área amostrada cobriu cerca de 320 km2
(área de charcos de Chipinda) representa cerca de 27 % do PNG, que foi colonizada por algumas
famílias de pastores junto com o seu gado no ano de 2000. As nossas hipóteses foram: (1) que a
invasão humana e de gado no parque levariam a uma diminuição na densidade dos ungulados
nativos, e (2) que os ungulados silvestres evitariam habitats influenciados pelos humanos. Os
resultados mostram que as densidades de gado aumentaram significativamente depois do ano
2000, enquanto as densidades dos ungulados nativos não diferiram de forma significativa a
partir de 2000. A situação sem alterações nas populações de herbívoros é atribuída a estritas
medidas contra a caça furtiva e à restrição quanto às atividades humanas a uma pequena parte
do parque (4 %). No entanto, o levantamento aéreo sugeriu que a presença humana e da
pecuária no norte do PNG influenciaram a distribuição dos ungulados silvestres. Faz falta a
realização de observações repetidas durante várias estações entender a segregação espaçotemporal entre o gado e os ungulados silvestres.

Key words: Aerial survey, Africa, conservation, encroachment, habitat, livestock,
protected area.

Introduction
Domestic livestock graze more than one third
of the world’s land area, often sharing space and
resources with native ungulates (de Haan et al.
1997). Free grazing by livestock in natural areas is
known to affect natural vegetation and faunal
communities in various ways (Cumming et al.
1997; Lambin et al. 2003; Shackleton et al. 2001;
Steinfeld et al. 2006). Effects of livestock grazing
vary from place to place depending upon their
spatio-temporal use of habitat, abundance, niche
overlap with wild ungulates and primary productivity. This issue has attracted attention of
several researchers around the globe (Acebes et al.
2012; Bhatnagar et al. 2006; de Boer & Prins 1990;
de Iongh et al. 2011; du Toit & Cumming 1999;
Kittur et al. 2010; Odadi et al. 2011; Prins & Olff
1998; Walker 1993; Young et al. 2005). Direct
competition for forage resources between domestic
and wild herbivores can lead to changes in
foraging behaviour and population dynamics of the
latter (de Leeuw et al. 2001; Madhusudan 2004).
There has been a steady increase in conflicts
for resource use between the local communities
and the protected area (PA) managers, especially
in developing countries (Lamprey & Reid 2004;
Mascia & Pailler 2011; Mworia et al. 2008).
Human population increase, poverty, land tenure
systems, development policies, economic incentives,
and political disturbances such as civil wars

contribute to encroachment into PAs through
expansion of settlements, agriculture, livestock
grazing, poaching and even illegal settlements
inside legally established PAs (Baudron et al.
2011; Kideghesho et al. 2006; Newmark 2008;
Stephens et al. 2001). Human and livestock
presence in the wildlife areas often result in elimination of the large mammals, and degradation
of habitat (Chaumba et al. 2003; Eltringham 1990;
Girma et al. 2012; Lindsey et al. 2011; Mamo &
Bekele 2011; Stephens et al. 2001). Furthermore,
high livestock densities have been reported to have
negative effects on wildlife densities, as a result of
competition for forage resources between wild
herbivores and livestock, given habitat and diet
overlap under conditions of resource limitation (du
Toit & Cumming 1999; Prins 1992, 2000; Rawat &
Sathyakumar 2002).
The Gonarezhou National Park (GNP) in
Zimbabwe, like so many of Africa’s PAs, has been
under anthropogenic pressures including livestock
grazing (Gandiwa et al. 2011; Mombeshora & Le
Bel 2009; Wolmer 2005). Subsequent to the land
reforms that occurred in 2000, there were local
migration among the herders and encroachment in
northern section of the GNP resulting in an
increase in livestock, especially cattle (Bos taurus)
population (Wolmer 2005; Mombeshora & Le Bel
2009). Sudden flux of livestock inside the park is
thought to have resulted in competition between
domestic and wild herbivores and stress on habitat
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based on data recorded between 1972 and 2010 is
501 mm (SE = 35). Three seasons can be
recognized: hot and wet (November to April), cool
and dry (May to August) and hot and dry
(September to October). The vegetation of the park
is predominantly dry deciduous savanna woodland, characteristic species being mopane (Colophospermum mopane), and short grasses (Gandiwa
et al. 2012). GNP is rich in wild ungulates, notably
African buffalo (Syncerus caffer), African elephant
(Loxodonta africana), blue wildebeest (Connochaetes taurinus), eland (Taurotragus oryx), giraffe
(Giraffa camelopardalis), hippopotamus (Hippopotamus amphibius), impala (Aepyceros melampus), kudu (Tragelaphus strepsiceros), plains zebra
(Equus quagga), roan antelope (Hippotragus
equinus), sable antelope (Hippotragus niger) and
waterbuck (Kobus ellipsiprymnus). The large
carnivores in the park include cheetah (Acinonyx
jubatus), lion (Panthera leo), and spotted hyena
(Crocuta crocuta).

Data collection
Fig. 1. Location of Gonarezhou National Park,
Zimbabwe and transects flown in the September 2010
aerial survey. CP denotes Chipinda Pools aerial
survey area bounded by Runde and Save Rivers.

(Gandiwa et al. 2011; Muboko 2011;Wolmer 2005).
The aim of this study was to investigate the effects
of encroachment by the local people and livestock
on the native large herbivore densities and distribution in the northern part of the GNP. We
hypothesized that: (1) human and livestock
encroachment into a protected area would lead to a
decline in native herbivore densities, and (2)
native large herbivore species would avoid
habitats close to human settlements.

Materials and methods
Study area
This study was carried out in the northern
parts of GNP covering Chipinda Pools area and
Chitsa settlements. Located in southeastern Zimbabwe, this park is spread over an area of 5,000
km2 (Fig. 1), with bearings between 21° 00' - 22°
15' S and 30° 15' - 32° 30' E, bordering Mozambique
and South Africa. Established in the early 1930s
as a Game Reserve, GNP was upgraded to a
national park under the Parks and Wildlife Act of
1975. Mean annual precipitation for the GNP

Data on ungulate density and distribution are
based on aerial surveys (Norton-Griffiths 1978). The
park management had conducted aerial surveys
during 1991 and 2009 which have been kept at
Chipinda Pools Research Centre in GNP. The park
is divisible into six discrete strata demarcated by
well-defined features such as a railway line, roads,
rivers, and the park boundary that allows
estimation of densities for various areas. For the
present study, we only extracted data for the
northern stratum of GNP, namely Chipinda Pools,
which lies between the Runde and Save Rivers
(Fig. 1). Chipinda Pools stratum is an open area
allowing animals to move in and out of the stratum
when the Runde and Save Rivers have low volumes
of water and through the northern park boundary
which is unfenced in some sections. A total of seven
aerial surveys were conducted between 1991 and
2009 in GNP. Four surveys, conducted in 1991,
1995, 1996 and 1998 had a mean survey area of
1,202 ± 54 km2 with a mean sampling intensity of
13.25 ± 0.01 % whereas three aerial surveys
conducted in 2001, 2007 and 2009 had a survey
area of 1,167 km2 with a mean sampling intensity of
16.77 ± 0.02 %. Previous aerial surveys gave
evidence that there were no livestock in the park
prior to 2000. We compared densities and distribution of nine large herbivores species, viz., giraffe,
buffalo, waterbuck, zebra, eland, elephant, impala,
kudu, and cattle (Table 1).
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Table 2. Mean densities (number km-2) of wild ungulates, and cattle before and after 2000 in Chipinda Pools
area of GNP, Zimbabwe. Values are mean ± standard errors; median and range in parenthesis. Independent
samples two-tailed t-tests, df = degrees of freedom; Mann-Whitney U test, one-tailed; * = P < 0.05; dash (–)
denotes not applicable.
Common name
Buffalo

1991-1998

2001-2009

t-value

df

U
statistic

P-value

0.074 (1.73)

0.170 (0.44)

–

–

7.00

0.362

–

9.00

0.025*

4

–

0.487

Cattle

0.00 (0.00)

2.45 (2.66)

Eland

0.10 ± 0.04

0.15 ± 0.05

–0.76

–
–1.58

Elephant

0.89 ± 0.05

1.46 ± 0.42

Giraffe

0.025 (0.02)

0.020 (0.01)

Impala

0.86 ± 0.23

1.53 ± 0.24

–2.05

4

–

0.110

Kudu

0.20 ± 0.05

0.63 ± 0.18

–2.27

4

–

0.086

Waterbuck

0.01 ± 0.01

0.16 ± 0.06

–2.23

4

–

0.089

Zebra

0.20 ± 0.05

0.20 ± 0.04

0.01

5

–

0.990

Repeat aerial surveys of ungulates were
conducted during September 2010, within Chitsa
and Chipinda Pools covering approximately 320
km2 area, i.e., 27 % of Chipinda Pools and 6 % of
the entire GNP area, using a Cessna 185 aircraft.
The aerial survey methods were similar to those
used in previous years in the GNP. A total of 11
transects which were 1.5 km apart ranging from
6.5 to 21.1 km length were flown (Fig. 1).
Transects primarily covered the areas where cattle
were known to graze (Gandiwa et al. 2011). All
transects were covered in one survey flight on 17
September 2010 between 11:20 and 13:00 hours
and we searched for both domestic and wild
ungulates. The aerial survey was flown at an
average speed of 160 km/hour and at a height of
approximately 90 m above the ground with one
pilot, one recorder and two observers. Animals
sighted were recorded and their position marked
into a Garmin Geographic Positioning System
(GPS) 60 receiver unit.

Data analysis
Data from past aerial surveys were divided
into two periods, i.e. 1991 - 1998 and 2001 - 2009,
in order to cover the periods before and after the
human and livestock encroachment into the northern parts of GNP. We used SPSS version 19
(SPSS Inc., Chicago, Illinois) for data analysis. The
data were tested for normality using the ShapiroWilk test and we found buffalo, cattle and giraffe
density data to be non-normal. We tested whether
densities of these species differed before and after
2000 in Chipinda Pools using independent samples

–

5

–

0.174

–

7.00

0.362

two-tailed t-tests with unequal sizes for animal
species with normally distributed density data and
Mann-Whitney U tests.
We also evaluated the spatial distribution of
animal sightings in relation to human settlements
from the September 2010 aerial survey in northern
GNP using ArcView 3.2 software in a Geographic
Information Systems (GIS) environment. Vector
GIS data including location of rivers, boundaries of
the park and Chitsa settlement within the
northern GNP were obtained from the GNP
database. Data on animal sightings in the
September 2010 aerial survey were captured into a
Microsoft Excel spreadsheet and converted into a
GIS shapefile in ArcView GIS. The tracklog file for
the flown survey transects was similarly converted
into a GIS shapefile. With these data layers, we
related the animal sightings to the layers
representing the flown tracklog, Chitsa settlement
and the northern GNP using the overlay function
in order to establish the distribution of large
herbivores in relation to the human settlements.

Results
There were no significant differences in the
densities of buffalo, eland, elephant, giraffe,
impala, kudu, waterbuck and zebra in northern
GNP between 1991 - 1998 and 2001 - 2009 (all, P >
0.05; Table 2). As expected, there was a significant
increase in the density of cattle between 1991-1998
and 2001-2009 in northern GNP (Mann-Whitney
U = 9.00, one-tailed P = 0.025; Table 2). However,
during the aerial survey of September 2010, only
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Fig. 2. Number of large herbivores recorded in 11
transects (T1 - T11) during aerial survey of GNP, in
September 2010.

six species of large herbivores were sighted (a total
of 1,791 individuals) in northern GNP (Fig. 2).
Cattle (n = 1,643) were the most common species
in the survey area. About 32 % (n = 526) of the
total sighted cattle were recorded outside the
human settlements but within the park boundary.
Cattle were spread as far as 8 kms from the
human settlement (Fig. 3). Elephant and
wildebeest were the most abundant large wild
herbivores. Elephant, wildebeest and zebra were
sighted approximately 1 - 2 km from the human
settlements whereas impala and kudu were
sighted ≥ 5 km from the human settlements. Kudu
and elephants were sighted closer to cattle (< 0.1
km), zebra were slightly away (0.5 - 1 km), while
impala and wildebeest were sighted farthest (>1
km). No large wild herbivores were sighted within
the human settlement area during the September
2010 survey.

Discussion
Data used in the present analysis were
collected using systematic reconnaissance flight
methods over the study period (Norton-Griffiths
1978). Despite the limitations of aerial surveys
such as observer biases and sample errors
(Ferreira & Van Aarde 2009; Redfern et al. 2002),

Fig. 3. Spatial distribution of large herbivores
recorded during aerial survey along 11 transects (T1
to T11) in September 2010. CP denotes Chipinda
Pools aerial survey area bounded by Runde and Save
Rivers.

there is a validity and consistency in the results.
The results show that though the cattle density
increased significantly after 2000 in northern
GNP, densities of all eight large wild herbivore
species remained the same between 1991 - 1998
and 2001 - 2009. Contrary to our hypothesis, none
of the eight wild herbivores showed decline in
densities following the human and livestock
encroachments into the northern GNP in 2000.
However, giraffe and zebra showed a slight nonsignificant decline. In contrast, other authors have
reported a steady reduction in large wild herbivore
abundances over the past 20 years in many PAs
across the African continent (e.g. Craigie et al.
2010; Ogutu et al. 2011; Ottichilo et al. 2001). The
reasons for the decline of herbivore populations in
other PAs have been attributed largely to
anthropogenic pressures including livestock grazing,
poaching, disease outbreaks, habitat loss and
destruction (Biru & Bekele 2012; Newmark 2008;
Ogutu & Owen-Smith 2003; Scholte 2011).
The results partly support our second
hypothesis that native large herbivores would
avoid habitats close to human settlements. All wild
ungulates were sighted outside the human habitation which had the highest concentration of
cattle. However, there was a partial range overlap
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between wild and domestic ungulates. Cattle in
the northern GNP are commonly herded and also,
there is restriction of free grazing from the park
management. It has been suggested that
introduction of domestic livestock in areas of low
primary productivity would eventually lead to
competitive exclusion of native ungulates which
have similar body size and niche (Acebes et al.
2012; Mishra et al. 2004; Voeten & Prins 1999).
Though, overall densities within the reserve were
same, at a local scale we did find evidence of
spatial segregation between domestic and wild
ungulates.
Interactions between livestock and native
large wild herbivores are complex, and can vary
under different ecological conditions (Dave & Jhala
2011). Earlier studies have suggested that interactions between livestock and wild herbivores may
be competitive (Mishra et al. 2004; Mishra et al.
2002; Odadi et al. 2011; Shrestha & Wegge 2008),
facilitative (Odadi et al. 2011; Rannestad et al.
2006) or without much effect especially on large
wild herbivores (Sitters et al. 2009). Human
presence and disturbances have been reported to
influence native herbivore distribution. For
instance, large wild herbivores avoided livestock
areas with high human disturbance in other
similar ecosystems (Ogutu et al. 2010; Stephens et
al. 2001; Wallgren et al. 2009). In northern GNP,
most households keep domestic dogs (Canis
familiaris) to protect livestock from predators.
Inadequately provisioned and loosely controlled
dogs could have also influenced distribution of
small to medium native herbivores in the park
(Gandiwa 2011). Repeat observations during
various seasons would be necessary to understand
the spatio-temporal segregation among cattle and
wild ungulates.
Remote sensing data reveals that the total
area under human encroachment in northern GNP
has remained fairly low i.e., 4 % of Chipinda Pools
area since 2000 (Gandiwa et al. 2011). Similarly,
the negative effects of illegal hunting on native
large herbivores densities seem to have been low
due to a stringent law enforcement in GNP during
2004 and 2010 (Gandiwa et al. 2013). However,
with increase in cattle and human populations it
would be extremely challenging to maintain multispecies assemblages and integrity of PAs in the
long run.
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