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Abstract
Trophy hunting in ungulates may favour individuals with smaller horns. A decrease
in horn/antler size may jeopardize the conservation potential of hunting areas,
which would be a major concern in Africa where hunting zones represent over half
of the total area of protected lands. We investigated horn length trends of harvested
male impalas Aepyceros melampus, greater kudus Tragelaphus strepsiceros and
sable antelopes Hippotragus niger, from 1974 to 2008 in Matetsi Safari Area,
Zimbabwe. Horn length declined by 4% in impalas, partly because male harvest age
decreased. In greater kudus, surprisingly, horn length increased by 14%, while mean
age of harvested male greater kudus increased during the study period. Reduced
hunting pressure on this species during the study may have allowed males to live
longer and to grow longer horns before being harvested. Horn length declined by
6% in sable antelopes, independent of age, suggesting that trophy hunting selected
male sable antelopes with smaller horns through time, provided that horn length is
heritable. Hunting pressure and trophy value were higher for sable antelopes than
for impalas and greater kudus. Accordingly, the decline of horn length in this
species was more pronounced. More valuable trophy species, such as sable antelopes, require special attention because they may be exposed to higher hunting
pressure, and are therefore more likely to experience a decrease in horn size.

Introduction
In polygynous species such as most ungulates, sexual selection favours males with rapid early growth and investment
in structural size at the expense of early investment in reproduction (Trivers, 1972; Clutton-Brock, 1988). Male ungulates have thus evolved horns or antlers that are large with
complex shapes through sexual selection (Geist, 1966;
Packer, 1983; Caro et al., 2003). By selecting males with the
largest trophy traits, hunters may induce morphological
change within the population by artificially favouring individuals with smaller sexually selected traits, for example
shorter or thinner horns (Coltman et al., 2003; Garel et al.,
2007). Ultimately, smaller horns may reduce individual
fitness (Hartl, Zachos & Nadlinger, 2003), or be associated
with lower genetic variability (Scribner, Smith & Johns,
1989; Fitzsimmons, Buskirk & Smith, 1995).
Trophy hunting as a conservation tool is widespread
worldwide (Lindsey, Roulet & Romañach, 2007; Frisina &
Tareen, 2009; Sharp & Wollscheid, 2009), but depends on
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the presence of animals with large trophies to satisfy the
expectations of hunters (Festa-Bianchet, 2007). Consequently, a decrease in trophy size may not only be detrimental to the viability of harvested populations (Hartl et al.,
2003; Coltman et al., 2005), but also to the sustainability of
trophy hunting as a conservation tool.
Development of horns and antlers may also be influenced
by factors affecting resource quality and availability. Males
grow shorter horns or antlers at high density because
of increasing intraspecific competition (Jorgenson,
Festa-Bianchet & Wishart, 1998; Festa-Bianchet et al.,
2004; Schmidt, Ver Hoef & Bowyer, 2007). Likewise,
shorter horns and antlers have been observed in harvested
populations suffering loss of suitable habitat (Garel et al.,
2007) or intense droughts (Torres-Porras, Carranza &
Pérez-González, 2009). Finally, the proximity of a huntingfree source area from which males disperse could theoretically counteract the selective process induced by trophy
hunting, and mitigate artificial selection in hunted areas
(Tenhumberg et al., 2004).
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Although trophy hunting is a particularly well-developed
industry in African savannas (Lindsey et al., 2007), trends in
horn size have been little studied in African ungulates. Only
von Brandis & Reilly (2007, 2008) previously reported on
horn size trends of African ungulates, in South Africa.
However, hunting in South Africa mainly occurs on small
and fenced private ranches (c. 2.05 ha on average, von
Brandis & Reilly, 2008) where trophy quality is managed
and manipulated, and is therefore not representative of
trophy hunting over much of Africa. The richness of the
African ungulate guild offers a unique opportunity to
compare the effects of size-selective harvest on different
species within the same ecosystem. Species may respond
differently to trophy hunting, depending on hunting pressure and trophy value (i.e. prestige and/or cost of a hunt).
Here, we investigated the temporal and spatial trends in
horn size for three African ungulates over three decades in
the Matetsi Safari Area, a complex of hunting areas adjacent to Hwange, Kazuma Pan and Zambezi National Parks
(i.e. hunting-free protected areas), Zimbabwe. The country
is one of the most popular destinations for hunting tourism
in Sub-Saharan Africa (Lindsey et al., 2006). The Zimbabwean hunting industry has generated up to about 16
million US dollars of revenue per year for the past few
decades, and encompasses c. 70 000 km2, or 17% of Zimbabwe’s land surface (Cumming, 1999; Booth, 2002). Under
the hypothesis of a selective pressure exerted by trophy
hunting against large-horned phenotypes, (1) we expected
horn size to decline over time for all species, and more
particularly; (2) we expected the decline of horn size to be
more pronounced for species with higher hunting pressure
and trophy value. If the national parks acted as a source of
large-horned males, (3) we expected horn size to be on
average smaller, and to decline more rapidly over the years
as the distance from national parks increased. With regard
to potential long-term changes in the abundance of the community of large herbivores, (4) we expected that horn size
would decline with increasing abundance of competitors
through reductions in forage availability.

Methods
Study area
Matetsi Safari Area (MSA), c. 3000 km2, is one of the largest
unfenced hunting complexes in Zimbabwe. It stretches
along the unfenced northern boundary of Hwange National
Park (HNP, hunting-free area), c. 15 000 km2, up to the
Zambian border (Fig. 1). MSA is leased to safari operators
by Zimbabwe Parks and Wildlife Management Authority
(ZPWMA). MSA is divided into seven hunting units, units
one to five in the southern part, units six and seven in the
northern part. We removed units six and seven from our
study because hunting ceased in unit seven in 1995, and
because vegetation types and environmental conditions
(rainfall, temperature, soil characteristics) in these two units
differ from the five units of the southern part (Ganzin,
Crosmary & Fritz, 2008; Peace Parks Foundation, 2009).
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We thus concentrated our study on units one to five (404,
292, 356, 470 and 370 km2, respectively). These units are
located on well-drained shallow rocky soils, where vegetation is typical of southern African dystrophic wooded and
bushed savannas with patches of grasslands, dominated by
Colophospermum mopane and Combretum spp. (Rogers,
1993; Ganzin et al., 2008).

Species
We studied impalas Aepyceros melampus, sable antelopes
Hippotragus niger and greater kudus Tragelaphus strepsiceros. Impalas and greater kudus are fairly common in
Southern Africa (East, 1999). The Hwange ecosystem hosts
one of the highest densities of sable antelopes in Southern
Africa (East, 1999), but sable antelopes are rarer than
impalas and greater kudus (Chamaillé-Jammes et al., 2009).
Sable antelopes and greater kudus are more popular
trophy species than impalas (Lindsey et al., 2006). Sable
antelope hunts are more expensive than those for greater
kudus or impalas, with safari and trophy fees reaching c.
US$23 000, US$6500 and US$5500, respectively (Booth,
2009; Zindele Safaris, 2012). Moreover, sable antelopes are
generally sold as the flagship species of a safari, whereas
greater kudu and impala usually come as add-on components of big game safaris that primarily seek species such as
lions Panthera leo, leopards Panthera pardus, elephants
Loxodonta africana or buffalos Syncerus caffer. Hunters are
therefore expected to be more selective when hunting sable
antelopes compared with impalas, and to greater kudus to a
lesser extent. Hunts of the three species are essentially for
trophy animals, which are mainly adult males.

Hunting organization and trophy data
The hunting season essentially runs from March to December. Professional hunting guides accompany hunters to
assist selection of trophy animals and monitor hunts.
Trophy fees do not increase with trophy size, so hunters
preferentially target the largest-horned males. Compulsory
measurement and aging of harvested animals by ZPWMA
staff takes place at the MSA headquarters. ZPWMA financially penalizes safari operators for harvesting animals
younger than two years. Therefore, whereas there is no
lower limit on trophy size, harvested males are almost exclusively adults.
Horn length was measured on harvested males with a soft
tape to the nearest 0.5 cm (Fig. 2). For consistency, we systematically used the values for the left horn of each trophy.
Harvest locations were recorded to the nearest km on maps
of the hunting units. We georeferenced these locations with
ArcView 3.2 (ESRI, Redlands, CA, USA). Age was determined by the tooth attrition method (Spinage, 1971). Tooth
wear of harvested animals was compared against a series of
mounted specimens of known age.

Population data
Road counts were carried out each year late in the dry
season (September/October) using most available roads as
649
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Figure 1 Northern part of Hwange ecosystem, Zimbabwe. The study area is delineated by the thick black rectangle. National parks (i.e.
hunting-free areas) are coloured in white, hunting areas (units one to seven) of the Matetsi Safari Area in light grey, hunting areas of the Forestry
Commission in granite. Private lands and communal lands are respectively coloured in dark grey and in black. The studied hunting areas, units
one to five, are indicated in bold font.

transects following the distance sampling procedure
(Buckland et al., 2001; Chamaillé-Jammes et al., 2009 for a
similar procedure in the neighbouring HNP). We analysed
data using Distance Sampling software (Thomas et al.,
2006), and obtained estimates of population size/densities
for most ungulate species, per year. For each group encountered, group size, sex and age class (adult, yearling, juvenile)
of individuals were recorded. We could therefore estimate
the number of adult males of each species. We then estimated trophy hunting pressure as adult males harvested/
adult males estimated for each year.
Forage competition may be exerted by conspecifics, and
by buffalos, elephants, greater kudus, warthogs Phacochoerus africanus and plains zebras Equus quagga chapmanii
for impala; by common duiker Sylvicapra grimmia,
elephant, and impala for greater kudu; by buffalo, elephant,
reedbuck Redunca arundinum, waterbuck Kobus ellipsiprymnus, and plains zebra for sable antelope (Bothma, van
Rooyen & Toit, 2002). We calculated the total metabolic
biomass of competitors for each species, per year and unit,
using referenced metabolic body mass (Cumming &
Cumming, 2003) and population estimates from road
counts. For harvested males of known age, we computed the
average densities of conspecifics, referred as ‘density’ effect,
650

and the average metabolic biomass of potential competitors,
referred as ‘competitors’ effect during the years when most
horn growth was achieved: the first two years of life for
impala, and four years for greater kudu and sable antelope
as determined later.

Environmental variables
For harvested males with a location recorded, we calculated
the distance to the closest national park (‘distance NP’
effect) with the nearest features extension in ArcView 3.2
(Jenness, 2007). Around each harvest location, we drew a
circle with a radius of 4 km for sable antelopes and 3 km for
impalas and greater kudus with the Xtools extension
(DeLaune, 2003). We chose slightly larger circles than the
average home ranges of species in this region (c. 25, 8.5–13
and 4–10 km2, for sables, greater kudus and impala, respectively; Estes, 1991) to account for the maximum uncertainty
of 1 km in reported locations. These species are sedentary
and constrained in their movements by the location of water
sources (Estes, 1991; Redfern et al., 2003). We used the
satellite-derived normalized difference vegetation index
(NDVI) as a proxy of vegetation productivity in the drawn
circles (‘productivity’ effect) (Ganzin et al., 2005). We used
Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London
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Figure 2 Measurement of horn size according to the Safari Club
International system (http://www.scirecordbook.org/docs/methods)
for (a) simple horned species (i.e. impalas and sable antelopes), and
(b) spiral-horned species (i.e. greater kudus).

10-day NDVI images (resolution 1.2 ¥ 1.2 km) derived
from 1986 to 2008 from Advanced Very High Resolution
Radiometer/National Oceanographic and Atmospheric
Agency satellites. The Institute for Soil, Climate, and Water,
from the South African National Agricultural Research
Council, provided NDVI images. We summed the 10-day
NDVI images corresponding to the vegetation growing
season (INDVI, Pettorelli et al., 2005), from October to
May for each year (see Supporting Information Fig. S2 for
trends of mean INDVI in the study area). INDVI values
observed in the home range of harvested males during the
years when most horn growth was achieved were then averaged, so that we obtained one INDVI value per home range.
Most data were collated by ZPWMA officers on printed
datasheets, and filed in folders at MSA Headquarters since
1974. While the database is largely complete, some datasheets were lost and some variables were not consistently
recorded over the 30-year period. Consequently there are a
few gaps in the data available for analysis (Table 1).
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Statistical analyses
Because horn length is usually positively related to age (e.g.
Côté, Festa-Bianchet & Smith, 1998; Festa-Bianchet et al.,
2004), we first investigated patterns of horn growth using
regressions of horn length against age of harvested males.
We tested second and third orders for the age variable using
smoothing splines. The second-order term was the best relationship. Under the hypothesis of a selective effect of trophy
hunting on horn size, horns should grow more slowly over
time in hunted populations. We therefore expected the slope
of horn length over age to be steeper in the early decade than
in the late decade of our study period. Consequently, we
tested for an interaction between age and decade on horn
length for impala (comparing 1986–1995 and 1996–2006),
and for sable antelopes (1982–1990, 1991–1999 and 2000–
2008). For greater kudus, however, we could not test for an
interaction with decade, because harvested male kudus were
only aged in 1991–1994 and in 2007–2008. We then used
regressions between age of harvested males and year to test
whether trophy hunting reduced the average age of males in
the population.
For the analyses of temporal trends in horn length, it was
essential to control for age of harvested males, to determine
whether possible trends in horn length originated from the
alteration of male age structure or another factor. Because
this was only feasible for a restricted period (Table 1), we
performed the analyses in two steps: (1) we first carried out
regressions of horn length on years over the entire study
period to document the general temporal trend of trophy
size from the mid-1970s to 2008 for each of the three species;
and (2) we then accounted for age for the years with age data
available (Table 1) by including the age of harvested males
as a covariate in linear models with year as the main variable, and density of conspecifics, biomass of competitors,
habitat productivity, and distance to the nearest national
park as other co-variables. We also tested the interaction
between year and distance to national parks because we
expected that the possible decline of horn length would be
more pronounced further away from hunting-free areas.
For greater kudus, because trophy animals were only aged
in 1991–1994 and in 2007–2008, we could not correct for age
in the analyses. We thus cannot not exclude that any trend
observed in horn size could be due to changes in age of
harvested males.
For model selection, we used the Akaike’s information
criterion (AIC; Burnham & Anderson, 2002). The model
with the lowest AIC value was retained. When DAIC
between two models was less than two, we selected the simplest model according to the parsimony rule (Burnham &
Anderson, 2002). We defined a set of a priori models for
each species and each dependent variable (Supporting Information Table S1). Observations with values for ‘competitors’ and ‘productivity’ were only available for a restricted
part of our dataset. Therefore, on the restricted dataset, we
first tested whether the variables ‘competitors’ and ‘productivity’ remained in the selected models. If they did not, we
tested models without ‘competitors’ and ‘productivity’ with
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Table 1 Sample size (n) and period for which data were available for each trophy variable (i.e. horn length, age, distance NP, density,
competitors, and productivity) for impalas, greater kudus, and sable antelopes, in hunting units one to five of Matetsi Safari Area, Zimbabwe
Dataset
Horn length
Horn length,
Age
Mean age
Horn length,
Age
Distance NP
Density
Horn length,
Age
Distance NP,
Density
Competitors,
Productivity
Horn length
Distance NP
Density
Horn length
Distance NP
Density
Competitors
Productivity

n
Period
n
Period
n
Period
n
Period

n
Period

Impala

Sable antelope

Greater kudu

1435
1974–2008
609
1986–2007

1560
1974–2008
614
1982–2008

1163
1976–2008
158a
1991–1994, 2007–2008
31b
1974–2008

443
1986–2002

600
1982–2005

335
1988–2002

108
1983–2005

n
Period

955
1979–2003

n
Period

83
1991–1994

a

158 animals for which we had both horn measurements and age estimate.
From a summary table provided by Zimbabwe Parks and Wildlife Management Authority, where mean ages (and standard deviations) from
1057 trophy animals were computed for each year over the period 1974–2008. We used this table to explore temporal trends in mean age of
greater kudus.

b

the complete dataset (Supporting Information Table S1).
Statistical analyses were performed with R software (http://
cran.r-project.org).

Results
Hunting pressure
Mean trophy hunting pressure throughout the study period
was 0.10 ⫾ 0.09. However, it differed among the three
studied species (F2,294 = 16.3, P < 0.0001), with higher averaged trophy hunting pressure for sable antelope
[estimate ⫾ standard error (se) = 0.13 ⫾ 0.01] than for
impala (estimate ⫾ se = 0.06 ⫾ 0.01), and greater kudus
(estimate ⫾ se = 0.08 ⫾ 0.01; see Supporting Information
Fig. S1a, b for trends of trophy hunting pressure and
densities).

Horn growth patterns
Harvested male impalas and sable antelopes required more
years to develop long horns during the latest decade
(Table 2, Fig. 3a,b). For impalas in 1986–1995, males
between 2 and 9 years old wore horns of equal average
length, or 52.1 ⫾ 1.7 cm (Table 2, Fig. 3a). In 1996–2007,
horn length increased quadratically with age (Table 2,
652

Fig. 3a) and did not reach 52 cm until males were between 3
and 4 years old (Fig. 3a). During this decade, males that
reached the age of 9 years had shorter horns than younger
males, except for 2-year-olds (Fig. 3a). For sable antelopes,
in the 1980s, males aged between 4 and 10 years wore horns
of equal length in average, that is 106.5 ⫾ 6 cm (Table 2,
Fig. 3b). For the two following decades, horns grew linearly
with age, but at a slower rate in the 2000s than in the 1990s
(Table 2, Fig. 3b). Overall, in greater kudus, horns grew
quadratically (diminishing increase) with age (years merged
together; Table 2, Fig. 3c). In impalas, horns averaged over
45 cm long at 2 years old, and oscillated around 50 cm for
subsequent age classes (Fig. 3a). Most horn growth therefore occurred during the first 2 years of life. In sable antelopes and greater kudus, age of harvested males ranged from
4 to 10 years, limiting our understanding of how horns grew
over the first years of life. At 4 years old, horns averaged
102 ⫾ 7 cm in sable antelopes (Fig. 3b), and 122 ⫾ 5 cm in
greater kudus (Fig. 3c). Horns did not grow over c. 110 cm
in sable antelopes, and stabilized between c. 120 and 130 cm
in greater kudus. Most horn growth therefore occurred
before 4 years of age in these two species. We thus predicted
that the potential effects of density of conspecifics, biomass
of competitors, and vegetation productivity on horn length
should occur during the first 2 years for impala, and the first
4 years for sable antelope and greater kudu.
Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London
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Table 2 Estimated parameters and their 95% CIs for the most parsimonious models of horn growth with age for impalas, sable antelopes, and
greater kudus from males harvested in units one to five of Matetsi Safari Area, Zimbabwe
Horn length

Selected model
2

ka

Parameter

d.f.

Estimate

[CI 95%]

Intercept
Age
1996sb
Age2
Age ¥ 1996s
Age2 ¥ 1996s
Intercept
Age
1990sc
2000sc
Age ¥ 1990s
Age ¥ 2000s
Intercept
Age
Age2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

52.1
-0.6
-9.2
0.05
3.7
-0.3
105.5
0.15
-9.9
-17.6
1.2
1.9
95.4
8.6
-0.6

[48.8, 55.4]
[-1.9, 0.7]
[-14.4, -3.9]
[-0.08, 0.2]
[1.5, 5.9]
[-0.5, -0.1]
[102.4, 108.6]
[-0.3, 0.6]
[-14.8, -5.0]
[-26.7, -8.5]
[0.5, 1.9]
[0.6, 3.2]
[71.4, 119.4]
[1.6, 15.7]
[-1.1, -0.1]

Impalas

Age ¥ decade + age ¥ decade

6

Sable antelopes

Age ¥ decade

6

Greater kudus

Age + age2

3

a

Number of parameters.
Results are presented as the difference estimate between the decade ‘1996s’ (i.e. from 1996 to 2007) and the reference decade ‘1986s’ (i.e.
from 1986 to 1995).
c
Results are presented as the difference estimate between the decade ‘1990s’ (i.e. from 1991 to 1999), the decade ‘2000s’ (i.e. from 2000 to
2008), and the reference decade ‘1980s’ (i.e. from 1982 to 1990).
CI, confidence interval; d.f., degrees of freedom.
The effect of decade, and its interaction with age, could be tested for impalas and sable antelopes, but not for greater kudus.
b

Temporal trend in age of harvested males
Because age is a major determinant of horn length, we first
explored the possibility of a change in age of hunted males
during the study period. Harvest age decreased with year in
impala (F1,607 = 20.1, P < 0.0001; Fig. 4a), increased quadratically in greater kudus (year, F1,28 = 6.7, P = 0.02; year2,
F1,28 = 9.6, P = 0.004; Fig. 4c), whereas we observed no
change for sable antelopes (F1,612 = 1.1, P = 0.3; Fig. 4b).

Covariates of horn length trends
From 1974 to 2008, in general, horn length decreased in
impala (F1,1433 = 46.1, P < 0.0001; Fig. 5a) with a loss of c.
2 cm (i.e. 4%), and in sable antelopes (F1,1558 = 135.3,
P < 0.0001; Fig. 5b) with a loss of c. 6 cm (i.e. 6%). In
greater kudus, however, horn length increased quadratically
(year, F1,1160 = 109.4, P < 0.0001; year2, F1,1160 = 60.9,
P < 0.0001), with a sharp increase of c. 15 cm (i.e. 14%) from
1976 to the mid-1980s, and stable horn length thereafter
(Fig. 5c). Using a grouping variable for year, and thus
reducing the denominator degrees of freedom from individuals to year did not affect our results.
In impala, horn length declined quadratically between
1986 and 2002, independently of age (Table 3, Supporting
Information Table S1). In sable antelopes, we also observed
a decrease in horn length after accounting for age between
1983 and 2005 (Table 3). In greater kudus, once we included
the co-variables, we still observed a sharp increase of horn
length between 1979 and the mid-1980s, and stable horn
length thereafter (Table 3). Two distinctly contrasted
periods were apparent for greater kudus: pre-1985 [mean
Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London

horn length ⫾ standard deviation (sd) = 114.9 ⫾ 8.3 cm]
and post-1985 (mean horn length ⫾ sd = 125.4 ⫾ 8.6 cm)
(Welch two-sample t-test: t321,617 = -15.4, P < 0.0001).
During each period, we observed no change in horn length
over time (pre-1985, F1,199 = 0.8, P = 0.4; post-1985,
F1,693 = 0.2, P = 0.7).
Horn length decreased with distance from national parks
in impala, whereas it increased in greater kudu, and showed
no significant spatial trend in sable antelope (Table 3, Supporting Information Table S1). There was no interaction
between distance to national parks and year for any species
(Table 3, Supporting Information Table S1). In sable antelopes and greater kudus, horn length increased quadratically (diminishing increase) with density (Table 3), whereas
density had no effect on horn length in impalas (Supporting
Information Table S1). Average metabolic biomass of competitors and vegetation productivity during years of horn
growth did not significantly affect horn length for the three
species (Supporting Information Table S1).

Discussion
Horn growth, trophy size, and access
to females
Most horn growth appeared completed before 2 years of age
in impala, and 4 years in sable antelopes and greater kudus.
Because our samples only included harvested trophy males,
we cannot conclude that our results are representative of
the entire male populations. They are nonetheless similar
to those observed in non-hunted populations (impalas,
653
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Figure 3 Horn length as a function of the age of harvested males in
hunting units one to five of Matetsi Safari Area, Zimbabwe, for (a)
impalas; (b) sable antelopes; and (c) greater kudus. For impalas and
sable antelopes, figures represent the effect of age, the decade, and
their interaction, conversely to greater kudus for which only the
effect of age could be tested. Dots represent the average horn length
of trophy animals per age, and bars the standard deviations. Solid
lines are used for significant trends, and dotted lines to illustrate
absence of trend.

䉳

b

c

Spinage, 1971; sable antelopes, Grobler, 1980). Males of
these species do not mate before 5 or 6 years of age, when
they can monopolize mating opportunities, although they
are physiologically able to reproduce before (Wilson &
Hirst, 1977; Murray, 1982; Owen-Smith, 1993). This indicates that males become potential trophies for hunters
before reaching the age and social status allowing them to
reproduce. Therefore, the selective effect of trophy hunting
in these species is likely to be high. Interestingly, over time,
trophy males in impalas and sable antelopes required more
years to develop long horns. Trophy males of the same age,
particularly in sable antelopes, had shorter horns in the
latest decade compared with the past, suggesting possible
life-history changes due to trophy hunting. Similarly,
several studies previously highlighted evolutionary effects of
size-selective harvesting on somatic growth (e.g. in fish,
Conover & Much, 2002; in bighorn sheep Ovis canadensis,
Coltman et al., 2003). For greater kudus and impalas in the
latest decade, horn length declined in older age classes. This
could simply be the result of horn attrition with age
(Spinage, 1971). Alternatively, it could also be explained by
higher chances of survival for males with short horns in
populations hunted for trophy (Coltman et al., 2003; Garel
et al., 2007).

Changes in horn length over time
From 1974 to 2008, horn length of trophy males decreased
by 4% in impalas and 6% in sable antelopes. In impalas,
both age of harvested males and horn length declined over
time, suggesting that horn length partly declined because
trophy males were harvested at increasingly younger ages
over time. Trophy hunters preferentially harvest older males
because they generally have longer horns than younger
males. Harvests may therefore shift the surviving male
segment towards younger age classes (e.g. Solberg et al.,
1999; Laurian et al., 2000). Conversely, in sable antelopes,
age of trophy males did not change over time, whereas horn
length declined. This suggests that males, following years of
selective harvesting regime, require a longer time to grow
horns of a given length (Pérez et al., 2011). Trophy hunting
may thus have promoted the reproduction of males with
slow-growing or smaller horns, provided horn length is heritable (Garel et al., 2007).
Differences in temporal trends between impala and sable
antelope are consistent with our prediction based on
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Figure 4 Temporal trend of age of harvested males in hunting units
one to five of Matetsi Safari Area, Zimbabwe, for (a) impalas; (b) sable
antelopes; and (c) greater kudus. Lines are used for significant
trends. Dots represent the average age of trophy animals per year,
and bars the standard deviations.
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Figure 5 Overall temporal trend in horn length of harvested males in
hunting units one to five of Matetsi Safari Area, Zimbabwe, for (a)
impalas; (b) sable antelopes; and (c) greater kudus. Lines are used for
significant trends. Dots represent the average horn length of trophy
animals per year, and bars the standard deviations.
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Table 3 Estimated parameters and their 95% CIs for the most parsimonious models of horn length from males harvested for impala, sable
antelope, and greater kudu in units one to five of Matetsi Safari Area Zimbabwe
Selected model (number of
observations; range of years)

ka

Parameter

d.f.

Estimate

[CI95%]

Impalas

Year + year2 + distance NP
(443; from 1986 to 2002)

4

Sable antelopes

Age + year + year2 + density + density2
(600; from 1982 to 2005)

6

Greater kudus

Year + year2 + distance
NP + density + density2
(955; from 1979 to 2003)

6

Intercept
Year
Year2
Distance NP
Intercept
Age
Year
Year2
Density
Density2
Intercept
Year
Year2
Distance NP
Density
Density2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

56 920
-57.98
0.01
-0.03
-68 000
0.61
68
-0.02
3.46
-0.656
-105 000
105
-0.03
0.06
4.56
-0.40

[3 760, 110 088]
[-110.31, -3.65]
[0.001, 0.03]
[-0.06, -0.001]
[-120 220, -15 780]
[0.29, 0.93]
[16, 121]
[-0.03, -0.004]
[1.76, 5.15]
[-1, -0.15]
[-161 386, -47 920]
[48, 162]
[-0.04, -0.01]
[0.01, 0.11]
[1.98, 6.93]
[-0.85, -0.01]

Horn length

a

Number of parameters.
CI, confidence interval; d.f., degrees of freedom.
Age of harvested males could be accounted for in impalas and sable antelopes, but not in greater kudus.

hunting pressure and trophy value. Sable antelope were subjected to higher hunting pressure and higher hunting fees
than impala. Not surprisingly then, the decline of horn size
was higher in sable antelope. Interspecific comparisons of
responses to trophy hunting are rare because earlier studies
focused on single species (Coltman et al., 2003; Garel et al.,
2007).
For greater kudus, we expected horn length to decline at
an intermediate rate compared with those observed in
impalas and sable antelopes because hunting pressure and
hunting fees were higher for greater kudus than for impalas,
but lower than for sable antelopes. Horn length in greater
kudu surprisingly increased by 14% from 1976 to 1985, and
remained constant from 1985 to 2008. Because mean age of
harvested males also increased in a quadratic way during the
study period, the increase in horn length could be due to an
increasing proportion of older males in the harvest. Interestingly, during the study period, densities of greater kudu
globally increased whereas hunting quotas did not, so
that hunting pressure declined (Supporting Information
Fig. S1a). With a lower hunting pressure, males may survive
to older ages, and therefore grow longer horns.

Effects of resources availability
Contrary to previous studies on Northern ungulates
(Ashley, McCullough & Robinson, 1998; Jorgenson et al.,
1998; Schmidt et al., 2001, 2007; Festa-Bianchet et al.,
2004), availability of forage did not significantly determine
the variations of horn length in our studied species. Indeed,
neither density of conspecifics nor the metabolic biomass of
guild competitors, an index of interspecific competition,
negatively affected horn length in impalas, greater kudus, or
656

sable antelope. It could be that changes in density of forage
competitors were insufficient to affect growth, or that
greater density may have corresponded to periods of greater
resource abundance. However, this latter point could be
ruled out because we found no effect of vegetation productivity on horn length. Alternatively, density of conspecifics
could rather be viewed as a factor of dilution (Hamilton,
1971; Dehn, 1990), with the risk for a given male to be
encountered, and shot by hunters, possibly decreasing as
densities of conspecifics increase. Therefore, the likelihood
that a male would survive longer and grow longer horns
increases with densities of conspecifics. Additionally, we
suspect that as densities decrease, the opportunities for
hunters to find large trophy males also decrease. Therefore
hunter selectivity should decline along with horn length of
harvested individuals.

Effects of distance from hunting-free areas
Horn length decreased with distance from national parks
for impalas, but not for greater kudus and sable antelopes.
Interspecific differences in the effect of distance from
national parks on horn length could have been expected
because home range size is positively related to body mass in
African antelopes (du Toit, 1990). Therefore, males of the
smallest species, that is impalas, should disperse over
shorter distances from national parks compared with males
of larger species, that is greater kudus and sable antelopes.
For greater kudus, longer-horned males were surprisingly
found further from national parks. This counter-intuitive
result could be explained by hunting pressure that tends to
be higher closest to the national parks (Supporting Information Fig. S1a). Higher hunting pressure in the immediate
Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London
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periphery of national parks may act as a barrier to males’
dispersal into hunting areas. In addition, densities of sable
antelopes have declined in the region for the past decades,
particularly in Hwange National Park where densities are
four times lower than in the hunting areas (Crosmary et al.,
unpubl. data). In this case national parks are unlikely to act
as a source for the hunting areas.

Trophy hunting and horn size in Africa

horn size naturally even if hunting quotas were reduced,
threatening the genetic integrity and conservation of the
species in the region. Finally, decline in trophy size could
potentially affect income for the hunting industry if hunters
choose to travel to areas where sizes of trophies remain
attractive. If this occurs eventually the amounts that can be
reallocated to conservation programmes in affected areas
may be reduced.

Management implications
Overall, we reported trends of horn size of lower magnitude
than in previous studies, e.g. 30% decline observed over 30
years for bighorn sheep on Ram Mountain (Coltman et al.,
2003), 12% decline recorded over 20 years for mouflon (Ovis
gmelini musimon ¥ Ovis sp) of the Caroux-Espinouse Massif
(Garel et al., 2007). This was probably due to lower harvest
rates, that is 5.0, 7.5, and 12.0% in our study for impalas,
grater kudus, and sable antelopes, respectively, compared
with those practised in Ram Mountain and CarouxEspinouse Massif, c. 40 and 20%, of legal adult males,
respectively (Coltman et al., 2003; M. Garel pers. comm.).
The other major difference with these sheep populations is
that the antelope populations of Matetsi Safari Area are
relatively large and regionally connected with potential gene
flow into the area from protected populations. Accordingly,
trends of horn size for such populations are likely to be less
marked, and to take place at a much slower rate than for
small and isolated populations (Pérez et al., 2011).
Nonetheless, data from selective harvests tend to underestimate temporal trends in horn size (Pelletier,
Festa-Bianchet & Jorgenson, 2012). Thus, managers of
Matetsi Safari Area should be aware that the declines of
horn size we reported could be worse in reality. Reducing
offtakes of trophy males is an option to lower hunting pressure on horn size (Thelen, 1991). In addition, selective
hunting of young males with small trophy size could be used
as a complementary option to counter the decline of horn
size (Mysterud & Bischof, 2010). This could be achieved by
resident local hunters if foreign hunters are reluctant to hunt
males of lower trophy size (Mysterud, Tryjanowski &
Panek, 2006). We strongly encourage wildlife managers to
continue measuring trophy traits of harvested animals,
because such data are essential to assess the effects of selective harvest.

Conclusion
Our study is a rare empirical example of long-term trends in
horn size of ungulates hunted as trophies, and the only one
for free-ranging African populations.
Species exposed to higher hunting pressure and higher
trophy selectivity are more likely to experience a decrease in
horn size. This is particularly the case for sable antelopes in
our study. The situation of this species in Matetsi Safari
Area is critical because there is evidence that the decline in
horn size could be genetic, and the neighbouring national
parks may not be a source of individuals for the hunting
areas. In this case, it may be difficult to reverse the decline in
Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London

Acknowledgements
We acknowledge the Director General of the Zimbabwe
Parks and Wildlife Management Authority for providing
the opportunity to carry out this research and for permission to publish this paper. WGC was supported by scholarships from the French ‘Agence Nationale de Recherche’,
BioFun project ANR-05-BDIV-013-01, the Natural Sciences and Engineering Research Council of Canada Discovery grant of SDC, and the ‘Soutien aux Cotutelles
Internationales de thèses de l’Université Claude Bernard
Lyon1’. This research was carried out within the framework
of the HERD project (Hwange Environmental Research
Development), as well as with the Research Platform ‘Production and Conservation in Partnership’ RP-PCP, funded
by the French ‘Ministère des Affaires Etrangères’, ‘Ambassade de France au Zimbabwe’, CIRAD, CNRS and the IFB
‘Global Change and Biodiversity’. We are indebted to the
wardens and rangers of Matetsi Safari Area, and the Oxford
WildCRU students who organized and computerized 30
years of trophy data on computers. Valuable comments
from M. Festa-Bianchet improved earlier drafts of this
paper. We are grateful to G. Daigle for statistical assistance.
Finally, we sincerely thank Atle Mysterud and one anonymous referee for their very fruitful comments on the paper.

References
Ashley, E.P., McCullough, G.B. & Robinson, J.T. (1998).
Morphological responses of white-tailed deer to severe
population reduction. Can. J. Zool. 76, 1–5.
Booth, V. (2002). Analysis of wildlife markets (sport hunting
and tourism). WWF-SARPO Report, Harare.
Booth, V. (2009). A comparison of the prices of hunting
tourism in Southern and Eastern Africa. Budapest: Joint
publication of FAO and CIC.
Bothma, J. du P., van Rooyen, N. & du Toit, J.G. (2002).
Antelope and other smaller herbivores. In Game ranch
management: 149–176. Bothma, J. du P. (Ed.). Pretoria:
Van Schaik.
von Brandis, R.G. & Reilly, B.K. (2007). A temporal analysis of trophy quality in South Africa: has trophy quality
changed over time? S. Afr. J. Wildl. Res. 37, 153–158.
von Brandis, R.G. & Reilly, B.K. (2008). Spatial variation
in trophy quality of popular hunted ungulate species in
South Africa. S. Afr. J. Wildl. Res. 38, 17–21.
Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake,
J.L., Borchers, D.L. & Thomas, L. (2001). Introduction to
657

Trophy hunting and horn size in Africa

distance sampling. Estimating abundance of biological
populations. Oxford: Oxford University Press.
Burnham, K.P. & Anderson, D.R. (2002). Model selection
and multimodel inference. 2nd edn. New York: SpringerVerlag.
Caro, T.M., Graham, C.M., Stoner, C.J. & Flores, M.M.
(2003). Correlates of horn and antler shape in bovids and
cervids. Behav. Ecol. Sociobiol. 55, 32–41.
Chamaillé-Jammes, S., Valeix, M., Bourgarel, M., Murindagomo, F. & Fritz, H. (2009). Seasonal density estimates
of common large herbivores in Hwange National Park,
Zimbabwe. Afr. J. Ecol. 47, 804–808.
Clutton-Brock, T.H. (1988). Reproductive success. Chicago,
IL: University of Chicago Press.
Coltman, D.W., O’Donoghue, P., Jorgenson, J.T., Hogg,
J.T., Strobeck, C. & Festa-Bianchet, M. (2003). Undesirable evolutionary consequences of trophy hunting.
Nature 426, 655–658.
Coltman, D.W., O’Donoghue, P., Hogg, J.T. & FestaBianchet, M. (2005). Selection and genetic (co)variance in
bighorn sheep. Evolution 59, 1372–1382.
Conover, D.O. & Much, S.B. (2002). Sustaining fisheries
yields over evolutionary time scales. Science 297, 94–96.
Côté, S.D., Festa-Bianchet, M. & Smith, K.G. (1998). Horn
growth in mountain goats (Oreamnos americanus). J.
Mammal. 79, 406–414.
Cumming, D.H.M. (1999). Study on the development of
transboundary natural resource management areas in
Southern Africa. Washington, DC: Biodiversity Support
Program.
Cumming, D.H.M. & Cumming, G.S. (2003). Ungulate
community structure and ecological processes: body size,
hoof area and trampling in African savannas. Oecologia
134, 560–568.
Dehn, M.M. (1990). Vigilance for predators: detection and
dilution effects. Behav. Ecol. Sociobiol. 26, 337–333.
DeLaune, M.G. (2003). Xtools arcview extension (version
9/15/2003). Oregon Department of Forestry, Salem.
East, R. (1999). African antelope database 1998. IUCN/SSC
Antelope Specialist Group. Gland and Cambridge: IUCN.
Estes, R.D. (1991). The behavior guide to African mammals.
Berkley, CA: University of California Press.
Festa-Bianchet, M. (2007). Ecology, evolution, and ungulate management. In Wildlife science: linking ecological
theory and management applications: 183–202. Fulbright,
T.E. & Hewitt, D.G. (Eds). Boca Raton, FL: CRC Press.
Festa-Bianchet, M., Coltman, D.W., Turelli, L. & Jorgenson, T.T. (2004). Relative allocation to horn and body
growth in bighorn rams varies with resource availability.
Behav. Ecol. 15, 305–312.
Fitzsimmons, N.N., Buskirk, S.W. & Smith, M.H. (1995).
Population history, genetic variability, and horn growth
in bighorn sheep. Conserv. Biol. 9, 314–323.
Frisina, M.R. & Tareen, S.N.A. (2009). Exploitation prevents extinction: case study of endangered Himalayan

658

W.-G. Crosmary et al.

sheep and goats. In Recreational hunting, conservation
and rural livelihoods: science and practice: 141–156.
Dickson, B., Hutton, J. & Adams, W.M. (Eds). Oxford:
Blackwell Publishing.
Ganzin, N., Coetzee, M., Rothauge, A. & Jean-Marie
Fotsing, J.-M. (2005). Rangeland resources assessment
with satellite imagery: an operational tool for national
planning in Namibia. Geocarto Int. 20, 33–42.
Ganzin, N., Crosmary, W.-G. & Fritz, H. (2008). A simplified vegetation map of Hwange National Park and surrounding areas using Landsat ETM+ satellite imagery.
Hwange Environmental Research and Development programme, Report 2008. Zimbabwe Parks and Wildlife
Management Authority, Harare.
Garel, M., Cugnasse, J.-M., Maillard, D., Gaillard, J.-M.,
Hewison, A.J.M. & Dubray, D. (2007). Selective harvesting and habitat loss produce long-term life history
changes in a mouflon population. Ecol. Appl. 17, 1607–
1618.
Geist, V. (1966). The evolution of horn-like organs. Behaviour 27, 175–214.
Grobler, J.H. (1980). Body growth and age determination
of the sable Hippotragus niger niger (Harris, 1838).
Koedoe 23, 131–156.
Hamilton, W.D. (1971). Geometry for the selfish herd. J.
Theor. Biol. 31, 295–311.
Hartl, G.B., Zachos, F. & Nadlinger, K. (2003). Genetic
diversity in European red deer (Cervus elaphus L.):
anthropogenic influences on natural populations. C. R.
Biol. (Suppl.) 326, S37–S42.
Jenness, J. (2007). Nearest features (nearfeat.avx) extension
for ArcView 3.x, v. 3.8a. Jenness Enterprises. http://
www.jennessent.com/arcview/nearest_features.htm
(accessed on 18 December 2010).
Jorgenson, J.T., Festa-Bianchet, M. & Wishart, W.D.
(1998). Effects of population density on horn
development in bighorn rams. J. Wildl. Manage. 62,
1011–1020.
Laurian, C., Ouellet, J.-P., Courtois, R., Breton, L. &
St-Onge, S. (2000). Effects of intensive harvesting on
moose reproduction. J. Appl. Ecol. 37, 515–531.
Lindsey, P., Alexander, R., Frank, L., Romañach, S. &
Mathieson, A. (2006). Potential of trophy-hunting to
create incentives for wildlife conservation in Africa where
alternative wildlife-based land uses may not be viable.
Anim. Conserv. 9, 283–291.
Lindsey, P.A., Roulet, P.A. & Romañach, S.S. (2007). Economic and conservation significance of the trophy
hunting industry in sub-Saharan Africa. Biol. Conserv.
134, 455–469.
Loveridge, A.J., Reynolds, J.C. & Milner-Gulland, E.J.
(2007). Does sport hunting benefit conservation?
Key Topics in Conservation: 224–240. Macdonald,
D.W. & Service, K. (Eds). Oxford: Blackwell
Publishing.

Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London

W.-G. Crosmary et al.

Murray, M.G. (1982). The rut of impala: aspects of seasonal mating under tropical conditions. Z. Tierpsychol.
59, 319–337.
Mysterud, A. & Bischof, R. (2010). Can compensatory
culling offset undesirable evolutionary consequences of
trophy hunting? J. Anim. Ecol. 79, 148–160.
Mysterud, A., Tryjanowski, P. & Panek, M. (2006). Selectivity of harvesting differs between local and foreign roe
deer hunters: trophy stalkers have the first shot at the
right place. Biol. Lett. 2, 632–635.
Owen-Smith, N. (1993). Age, size, dominance and reproduction among male kudus: mating enhancement by attrition
of rivals. Behav. Ecol. Sociobiol. 32, 177–184.
Packer, C. (1983). Sexual dimorphism: the horns of African
antelopes. Science 221, 1191–1193.
Peace Parks Foundation (2009). Integrated development
plan: Zimbabwean component of the KAZA TFCA. Zimbabwe Parks and Wildlife Management Authority,
Harare.
Pelletier, F., Festa-Bianchet, M. & Jorgenson, J.T. (2012).
Data from selective harvests underestimate temporal
trends in quantitative traits. Biol. Lett. 8, 878–881.
Pérez, J.M., Serrano, E., González-Candela, M., LeónVizcaino, L., Barberá, G.G., de Simón, M.A., Fandos,
P., Granados, J.E., Soriguer, R.C. & Festa-Bianchet, M.
(2011). Reduced horn size in two wild trophy-hunted
species of Caprinae. Wildl. Biol. 17, 1–11.
Pettorelli, N., Vik, J.O., Mysterud, A., Gaillard, J.-M.,
Tucker, C.J. & Stenseth, N.C. (2005). Using the
satellite-derived NDVI to assess ecological responses
to environmental change. Trends Ecol. Evol. 20,
503–510.
Redfern, J., Grant, R., Biggs, H. & Getz, W. (2003).
Surface-water constraints on herbivore foraging in the
Kruger National Park, South Africa. Ecology 84, 2092–
2107.
Rogers, C.M.L. (1993). A woody vegetation survey of
Hwange National Park. Harare: Department of National
Parks and Wildlife Management.
Schmidt, J.I., Ver Hoef, J.M. & Bowyer, T. (2007). Antler
size of Alaskan moose Alces alces gigas: effects of population density, hunter harvest and use of guides. Wildl.
Biol. 13, 53–65.
Schmidt, K.T., Stien, A., Albon, S.D. & Guinness, F.E.
(2001). Antler length of yearling red deer is determined
by population density, weather and early life-history.
Oecologia 127, 191–197.
Scribner, K.T., Smith, M.H. & Johns, P.E. (1989). Environmental and genetic components of antler growth in
white-tailed deer. J. Mammal. 70, 284–291.
Sharp, R. & Wollscheid, K.-U. (2009). An overview of recreational hunting in North America, Europe. In Recreational hunting, conservation and rural livelihoods: science
and practice: 25–38. Dickson, B., Hutton, J. & Adams,
W.M. (Eds). Oxford: Blackwell Publishing.

Animal Conservation 16 (2013) 648–660 © 2013 The Zoological Society of London

Trophy hunting and horn size in Africa

Solberg, E.J., Sæther, B.-E., Strand, O. & Loison, A. (1999).
Dynamics of a harvested moose population in a variable
environment. J. Anim. Ecol. 68, 186–204.
Spinage, C.A. (1971). Geratodontology and horn growth of
the impala (Aepycerus melampus). J. Zool. 164, 209–225.
Tenhumberg, B., Tyre, A.J., Pople, A. & Possingham, H.P.
(2004). Do harvest refuges buffer kangaroos against evolutionary responses to selective harvesting? Ecology 85,
2003–2017.
Thelen, T.H. (1991). Effects of harvest on antlers of simulated populations of elk. J. Wildl. Manage. 55, 243–249.
Thomas, L., Laake, J.L., Strindberg, S., Marques, F.F.C.,
Buckland, S.T., Borchers, D.L., Anderson, D.R.,
Burnham, K.P., Hedley, S.L., Pollard, J.H., Bishop,
J.R.B. & Marques, T.A. (2006). Distance 5.0., Research
Unit for Wildlife Population Assessment. University of
St Andrews. http://www.ruwpa.st-and.ac.uk/distance
(accessed 18 December 2010).
du Toit, J.T. (1990). Home range body mass relations: a
field study on African browsing ruminants. Oecologia 85,
301–303.
Torres-Porras, J., Carranza, J. & Pérez-González, J. (2009).
Combined effects of drought and density on body and
antler size of male Iberian red deer Cervus elaphus hispanicus: climate change implications. Wildl. Biol. 15, 213–
221.
Trivers, R.L. (1972). Parental investment and sexual selection. In Sexual selection and the descent of man, 1871–
1971: 136–179. Campbell, B. (Ed.). Chicago, IL: AldineAtherton.
Wilson, D.E. & Hirst, S.M. (1977). Ecology and factors limiting roan and sable antelope populations in South
Africa. Wildl. Monogr. 54, 3–111.
Zindele Safaris (2012). Hunting Zimbabwe. Zimbabwe price
list. http://www.zindelesafaris.com/zimbabwe_prices.htm
(accessed 18 December 2010).

Supporting information
Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:
Figure S1. Temporal trends of (a) trophy hunting pressure
(i.e. number of adult males harvested / estimated number of
adult males in the population), and (b) population densities
in hunting units one to five of Matetsi Safari Area, Zimbabwe, from 1978 to 2008, for (1) impala, (2) greater kudu, and
(3) sable antelope. Data points indicate annual mean values
of trophy hunting pressure and densities. Box plots represent hunting pressure or population densities averaged over
the study period for each species across the five hunting
units. The horizontal line within the box represents the
median, the box illustrates the range between the 25th and
75th percentiles, the two dotted segments outside the box
represent the 10th and 90th percentiles, and the black dots
are the observation <10th or >90th percentiles. Averaged
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hunting pressures and population densities are compared
among hunting units for each species. Different letters indicate hunting pressures or population densities different at
P < 0.05.
Figure S2. Temporal trends of NDVI in hunting units one to
five of Matetsi Safari Area, Zimbabwe, from 1986 to 2008.
Data points indicate annual mean values of NDVI per year.
Table S1. Model selection procedure to investigate trends in
horn length of harvested males in impala, sable antelope,
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and greater kudu over the years in Matetsi Safari, Zimbabwe. The dependant environmental co-variables are distance to national parks (i.e. distance NP), average densities
of conspecifics (i.e. density), average metabolic biomass of
potential competitors (i.e. competitors), and vegetation productivity (i.e. productivity). The age of harvested males
could be accounted for in impala and sable antelope, but not
in greater kudu. Selected models for each species and each
dataset, are indicated in bold letters.
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