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Savanna ungulates are an important source of foreign income in African countries, both for hunting and
wildlife tourism.
Understanding the drivers of their spatial density is vital for improving the decision making process
regarding their management.
Currently, the combined effect on ungulate distribution of human disturbance (e.g. hunting and vehicle
traffic) and grassland management have received little attention.

Objective:
I focused on three species (Figure 1) that are managed in a South African private game reserve to gain a
detailed understanding of how the distribution of hunted ungulates is affected by human disturbance
and grassland management.
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Figure 1. Species considered in this analysis: a) blesbok (Damaliscus pygargus), b) wildebeest (Connochaetes taurinus), c) impala
(Aepyceros melampus).

3. METHODOLOGY

2. STUDY SITE
Mankwe Wildlife reserve (Figure 6) is a
private game ranch (4,000 ha) located in the
Arid Savanna of South Africa.
Ungulates are managed for conservation
purposes, with hunting used to help manage
numbers.

Data collection:

Mozambique

Botswana

Data were collected during three 2-month long field campaigns at the ends of wet and dry seasons:
Aug-Oct 2016 (season 1), Apr-May 2017 (season 2), Aug-Oct 2017 (season 3).

Swaziland

Namibia
South Africa

8 transects, 3-8 km long, were uniformly distributed in the ranch and walked once every two weeks. All
ungulates sighted from the transect were recorded.

Lesotho

9km

In order to assess effects of human disturbances on ungulates, the location of hunting events, traffic on
roads, and proportion of area burned were monitored during each field campaign.

Wet season occurs between November and
March, and dry season between April and
October.

Data analysis:
The effects of human disturbances on the distribution of wildebeest, blesbok and impala were assessed
with Density Surface Models (DSMs).

Migrations from/to the outside of the
property are prevented by an electric fence
of 3m high.

7.5km

Ungulates are hunted throughout the year,
and 25% of the ranch surface is burned
annually.

The study area was divided into 81 sampling sites (50ha each). Sites were classified by hunting
(yes/no), traffic index and proportion of area burned (new burn, burn, old burn, no burn).
9 DSMs were selected, one per species and season. Each DSM was chosen from 64 different models
that were ranked by their Q-Q plots, AIC values, parsimony and deviance explained.

4. RESULTS
Spatial distribution of ungulates
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Figure 3. Effect of proportion of area
burned on impala density during season
2. Black line shows the predicted effect
and dotted lines show standard errors.
Vertical lines on “x axis” show
proportion values from sampling sites.

Figure 4. Differences on density between
sites with and without hunting for wildebeest
and blesbok. Error bars show standard errors.
Dotted lines separate results from different
models.

Figure 5. Differences on density between sites
with and without hunting for impala. Error
bars show standard errors. Dotted lines
separate results from different models.
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Figure 2. Trends in species density distribution during sampling seasons. From left to right, graphs show distributions at seasons 1, 2
and 3, for blesbok (a, b, c), wildebeest (d, e, f) and impala (g, h, i). Density trend is represented by the gradient of colours, from red
(low densities) to yellow-white (high densities). Lines represent zones with same density trend. Numbers do not represent actual
densities.

Blesbok and wildebeest showed similar spatial patterns (Figure 2) and responses to hunt (Figure 4):
they both used the North side of the reserve and avoided areas with hunting. Nevertheless, during
season 1 (Figure 2), when there was a severe drought, wildebeest and blesbok populations moved to the
South.
Impala used the South side (Figure 2) and showed no avoidance to areas with hunting (Figure5).
Additionally, impala increased their density at sites with 50%-70% of area burned (Figure 3).

5. DISCUSSION
Impala maximized their density at midpoints of the proportion of area burned, which supports the
intermediate disturbance hypothesis (Connell, 1978**).
Species’ feeding requirements and habitat use could be influencing their strategies for avoiding human
harassment. Blesbok and wildebeest are grazers that utilize open landscapes, while impala is a mixedfeeder that can utilize both open grasslands and thickets (Hempson et al., 2015*).
These results will help to better understand the drivers of density distribution, and would be useful for
improving the management of game animals in the Savanna.
Future analyses will include more seasons (wet and dry seasons 2018), species and environmental
variables (water availability, NDVI and thicket distribution).
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Figure 6. Mankwe Wildlife Reserve.
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