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Abstract

Long term monitoring of population estimates and ds is needed to ensure that trophy hunting is
sustainable. We explored the influence o Pn population size and trophy quality of impala (Aepyceros
melampus), greater kudu (Tragelaphu able (Hippotragus niger) antelopes from 1997 to 2014 in
Cawston Ranch, Zimbabwe. Populaii® i three species showed a cyclical declining trend, albeit
statistically not significant for theghr i essure had no significant effect on the population estimates
of the three species for the pe 4 ImpaIa population declined (-30 %) between 2003 and 2008 possibly due
to increased illegal huntin pd invasions during this period. Trophy size of all species declined over
time, 2004-2014, (impal . -3.9 %), sable (-2.6 %)) possibly due to diet quality and loss of genetic
variability in these p ions. er, trophy size for greater kudu and sable were within the minimum score range
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Introduction

Several factors are known to influence population dynamics of wild herbivores through bottom-up
and top-down control processes [1, 2]. Bottom-up processes regulate abundance of herbivores in
ecosystems through primary productivity, i.e., forage quantity and quality [3]. Primary productivity in
ecosystems is determined by rainfall, which affects forage availability for wild herbivores [4-7]. Top-
down processes such as predation affect the dynamics and persistence of wild herbivores [2, 3].
However, ‘human predation’ through trophy hunting [8-10] and illegal off-takes [11, 12] is becoming

proportion of males from a population [21] and the associated i
most polygamous ungulates are expected to be minimal [22].

Trophy hunting refers to hunting by paying clients, who sele
attributes such as horns, tusks, body size, and skull len
hunter [23]. Generally, potential hunting clients selectinting destinations¥ased on the diversity and
quality of trophies on offer [24]. In ungulates, tro tributed to the dimensions and
aesthetic appeal of the animals’ horns (horn size) | unting of preferred species may
precipitate a shift towards more smaller horge
if motivation for hunting is mainly excepti ; a resultant decline in this desirable
attribute may reduce hunter satisfaction [27, 0 income, to the detriment of conservation
and the livelihoods of many local cQamms

given to trends in trophy i ibe species other than I|ons (Panthera leo) [25, 29-32].
In Zimbabwe, a decline i qual|ty ofthree hunted greganous herb|vores |mpala (Aepyceros

conservation ms for wildlife conservation in southern Africa and Zimbabwe in
particular [ sintrophy quality and the resultant population dynamics of hunted
species i and insularized ecosystems have received little attention in literature. With
increasing protected areas in African savannas through land use change and habitat

reas, which are mostly closed and insular environments, may become relics
in most disturbed ecosystems [35]. However, the increased insularization of

and possible loss of desirable phenotypic traits in wild herbivores [26, 39].

ginability of trophy hunting as a conservation tool lies in the long term monitoring of
harvested populations [40-42] as well through the use of ecological theory, i.e., maximum sustainable
yield or off-take (MSY) [43-45]. If sustainable hunting practices are applied, animal populations are
expected to be stable, given that mostly males would be harvested. However, populations may decline
due to human disturbances associated with economic decline and extent of illegal hunting [46]. To
determine the effect of trophy hunting on population dynamics and phenotypic traits in closed
ecosystems [41, 42], we analyzed data on population trends of three gregarious commonly hunted
wild ungulates over an 18 year period, which includes a period of land invasions and reforms (2003-
2008) in Zimbabwe. We further explored the trophy size trends (11 years) for these three species using
a case study from an insularized semi-arid savanna ecosystem in Zimbabwe. We expected that
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population estimates and trophy quality of hunted ungulates would decline over time due to hunting
pressure. We hypothesized that: (1) population estimates of hunted wild ungulates would decline over
time and, (2) trophy quality of hunted ungulates would change over time in a closed and insularized
ecosystem.

Methods

Study area
The study was conducted in Cawston Ranch, which is 128 km? in extent, located in we aabwe

the period

Fig 1: Study area map of
showing transects and
location of water points in
Cawston Ranch, Zimbabwe.

Legend
#  Water points
——+ River transect
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Cawston Ranch is endowed with a number of wildlife species, including impala, greater kudu, sable,
giraffe (Giraffa camelopardalis), zebra (Equus quagga), bushbuck (Tragelaphus scriptus), wildebeest
(Connochaetes taurinus), tsessebe (Damaliscus lunatus), eland (Taurotragus oryx) and waterbuck
(Kobus ellipsiprymnus). The ranch’s vegetation is generally categorised into about 9 types, namely:
Colophospermum mopane—Acacia—Combretum woodland, C. mopane-Acacia—Terminalia open
shrubland, C. mopane—Acacia woodland, Acacia-Terminalia woodland, open Combretum woodland,
open Terminalia sericea woodland, Acacia karroo, Teakwoodland and open grassland.

Data collection
Animal population data
The abundance of wildlife species at Cawston Ranch has been consistently

Ranch has well established roads in all the common habitats, i.e., ve s transects
for long term wildlife species monitoring. We used secondary ston Ranch
records of annual population estimates for the period 1997- i ason between

September and November. These transects were consiste r using the same
sampling techniques with a survey team consisting of o i ters and one recorder. To
supplement the secondary data, we conducted road rs 2013 and 2014 using
the established five roads-routes as transects (see Fi previous Cawston Ranch surveys.
This consistency in the survey approaches made it pare changes in abundance for
different time periods.

Each transect was replicated six times during
transect in the survey design used fg is shown in Table 1. For each sighting, the
i , (c) distance from vehicle to the centre of the group

at its centre relative to the direction the vehicle

otal distance Average distance Average time Average speed

(km) (km) (hrs) (km/h)
111.40 +22.20 15.91+0.12 10.00+1.41 10.97 £ 0.19
Black route 88.55+15.49 12.65 +0.65 7.50+£0.71 10.75+0.24
est route 143.40 + 27.29 20.49 +1.46 1450+ 2.21 9.63+0.41
e route 85.85+17.04 12.26 £+ 0.63 9.00+1.41 9.65+0.42
River route 104.65 +20.72 14.95+0.17 12.00+1.41 8.87+0.72

Trophy size data

We collected data on annual off-takes for the three species for the period 1997-2014. Data on off-
takes were used to calculate hunting pressure, which we considered to be the number of hunted or
cropped individuals (off-take) for a particular year divided by the corresponding population estimate
for that year [30]. Secondary data on trophy size were obtained from management records at Cawston
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Ranch. Although we looked at information for the period 1997-2014, we used only data for eleven
years, i.e., 2004-2014, because data from other years were not complete. Data collected for this study
on trophy quality were based on horn length, all measured using the Safari Club International (SCl)
system for (a) simple horned species, e.g., impala and sable antelope, and (b) spiral-horned species,
e.g., greater kudu (http://www.scirecordbook.org/docs/methods).

Data Analysis
We performed explanatory data analysis on population estimates, animal density, h

and (c) post land invasions, 2009-2014, in Zimbabwe. Thr
regression analysis to establish trends of population esj
quality for 2004-2014; (2) one-way analysis of varia
differences in (i) group size, animal density and po
population estimates and hunting pressure for the t
ascertain whether there was a difference i
trophy sizes for impala: 26.4, greater kudu "88 inches respectively [32], and (ii) the
SCI minimum score for impala: 52, greater k ble 96 inches (http://www.scirecordbook.org).
Bonferonni post-hoc tests were ed for significant differences observed in the
population parameters betweeg p es and time intervals. All statistical analyses were
conducted in IBM SPSS 20 sofgié 3 ew York, USA) at 5 % level of significance.

als; and (3) one sample t-test to
ality, and (i) the known standard

Results
Population pay

population estimates (F2, s, = 57.16, p = 0.000) of the three wild herbivores.
i comparisons tests showed no significant differences in animal density (p

=0.01, (B £ SE) =7.83 £26.39,t=0.30, p=0.771),
3 + SE) ——1244+857 t=-1.45, p = 0.166) and sable (R* = 0.01, (B + SE) =-4.35
t =-0. 38 p = 0.706). No significant differences were recorded in the population estimates for
s=2.71, p = 0.099) and greater kudu (F, 15 = 3.07, p = 0.076) for the three time periods.
However, impala population differed significantly (F,, 15 = 4.56, p = 0.028) for the three time periods
(Fig. 3a-c). Bonferonni post-hoc tests showed that impala population estimates were significantly
different for the periods 2003-2008 and 2009-2014 (p = 0.031), as they dropped by 30 % in relation to
the average population for the period 1997-2002.
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Table 2. Mean (+ SD) group size, animal density and population estimates for impala,
greater kudu and sable antelope for the period 1997-2014 in Cawston Ranch, Zimbabwe.

Variable Impala Greater kudu Sable
Group size 7.32+0.87° 3.31+0.61° 8.76 £ 2.61°¢
Density (animals/km?) 12.08 + 4.80° 3.68+1.52° 5.19 +1.89°
Population estimate 1628.83 + 515.06° 472.83 £ 198.72° 666.72 +242.62°

Different superscripts in the same row indicate significant differences (p < 0.05)
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Ranch, Zimbabwe. Error bars indicate + SE.
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Effect of trophy hunting pressure on population estimates

The trophy hunting pressure on the three species for the period 1997-2004 fluctuated annually,
inversely with population estimates of impala, greater kudu and sable antelope. The highest trophy
hunting pressure upon impala was during the period 2003-2008, as opposed to greater kudu and sable
antelope (Fig. 4). However, there was no significant effect of hunting pressure on the population
estimates of the three species, except for the group size of greater kudu (p = 0.033, Table 3).

2,100
" 025 600
o [
= o = ° =4
E e g 'ﬁ 3
W 1,500 I Y 020 § = 500 il ]
a . e,

\ T o -, -
c Y c o £
32 ; o1z B 2 4007 ~. 2
= = = . =3
g 1,100 a El N, 2
g E £ > E
2 \ F0.10 2 L 300 \ g
L] ] ] I3
W 600 £ o 5
E‘ F00s ® & 200-] H

100 0.00 100 0.00
1997-2002  2003-2008  2009-2014 1997-2002 2003-2008 1997-2002  2003-2008  2009-2014
Period Period Period

Fig 4. Mean population estimates of impala, greater kudu, and sablé on to hunting pressure (dotted broken

line) across the three time periods in Cawston Ranch, Zimbabwe.

Population estimate

Species B +SE t p-value

Impala -0.947 £ 0.926 -1.02 0.323

Greater ku -2.35 0.033 2.142 £2.193 0.98 0.344
-2.04 0.060 0.731+4.534 0.16 0.874

crage trophy size for impala (mean * standard deviation, SD: 20.31 * 0.59) was
antly below the expected standard trophy size (ti0 = -34.22, p = 0.000). There was a notable
1.3 %) in the impala trophy size trend over the 11 year period (R*>=0.53, B + SE=-0.13 + 0.04,

was not significantly different (tio = -1.54, p = 0.154) from the standard minimum SCI score of 52
inches, there was a significant decline (R =0.56, p = 0.008) in the SCI minimum score during the period
2004-2014 (Table 4). There was a significant difference (ti0 =-4.52, p = 0.001) in the observed greater
kudu mean trophy size (50.35 + 1.21) and the expected standard trophy size of 52 inches. Nonetheless,
the notably declining trend (3.9 %) in trophy size for 2004-2014 was not significant (R? = 0.30, B + SE:
(-0.20+£0.04), t10=-1.94, p = 0.084, Fig 5b). The observed SCI minimum score (121.93 + 2.73) for 2004-
2014 was not significantly (tio = 1.13, p = 0.286) different from the SCI minimum score of 121 (Table
4).
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Fig 5: Temporal trend in mean trophy size (with 95 % confidence intervals) for
Zimbabwe, (a) impala, (b) greater kudu and (c) sable antelopes. Notes: Solid A indi ifi ds in trophy size
over a period 2004-2014. Dotted lines indicate insignificant differences at

e expected standard trophy size,
41.88 inches. However, the 2004 -2014 trend in sable i %) was not significant (R? = 0.16,
B +SE:(-0.15+0.12), t =-1.29, p = 0.229, Fig 5c). inimum score for sable (92.88
3.39) was significantly below the SCI minim?% tio = -3.06, p = 0.012). Nonetheless,
the observed trend in the SCI minimum scoré istically significant (ti0 =-1.54, p=0.157) for
the period 2004-2014 (See Table 4),

Table 4. Linear regges estimates of the observed mean Safari Club
International mj or impala, greater kudu and sable for the period 2004 -2014
ionificant trends are indicated in bold.

B SE t1o p

-0.32 0.10 -3.39 0.008
-0.46 0.23 -2.04 0.072
-0.47 0.30 -1.54 0.157

; hat due to trophy hunting pressure, the population estimates and trophy quality of
3, grater kudu and sable antelope in Cawston Ranch would decline over time. Our results showed
a see ly declining cyclical trend, albeit not statistically significant, on the population estimates of
impala, greater kudu and sable. Hunting pressure did not have any significant effect on the population
estimates of the three species. However, accounting for the disturbances during period of turmoil
(2003-2008) with land reform invasions in Cawston Ranch, only impala showed a significant change in
population estimates.

Similar trends where wild herbivores tend to persist without showing a consistent and significant
decline have been observed in Gonarezhou National Park, southern Zimbabwe [50, 51], but wild
herbivore populations in some countries are declining over time due to over harvesting [52]. Declines
in large herbivore populations have also been observed in western Tanzania [53] and the Mara region
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of Kenya [18]. Generally, documented declines in wild herbivore populations are caused by droughts
[54, 55], diseases [56, 57], illegal hunting and overharvesting [46, 58-60] and habitat loss [61]. In Katavi
National Park and Rukwa Game Reserve in western Tanzania, illegal hunting was found to be a greater
source of mortality than predation, disease, or legal hunting [59]. However, most of these studies
were based on large open areas where management interventions are not as targeted as in closed,
privately managed game parks such as Cawston Ranch.

Although our results show that hunting pressure associated with trophy hunting influgaeesd greater

species. This finding is contrary to the notion that in developing countries hunti
on inappropriate estimates and not sustainable [62]. However, it is likely thajai

population densities to maximize annual yields, which ultimately pro
[63]. It is therefore important to recognize the contribution of these

We found the impala population to have declined signi
sable during a period of turmoil and land reform (20Q&f2008), as ogposed to periods before and after
the peak of the farm invasions in Zimbabwe. This e the result of increased illegal
olitical turmoil, as was observed

in the southeast lowveld of Zimbabwe [65 decline of impala to the elevated
off-take levels during this period, particula imilar observations have been reported in
Gonarezhou National Park and surrounding period of economic decline in Zimbabwe
[46]. In the present study, greater Populations did not change regardless of the period,
possibly due to people prefer also been observed in western Tanzania, where
most local people are know vores [59]. We could not get information on illegal
hunting activities and p i for awston Ranch records for this period of turmoil and

land reform (2002-20 i sometimes difficult to get the actual figures on illegal hunting

dy shows that impala trophy SCI scores were within the SCI minimum score limits, although
they de@hed over time. To the best of our knowledge, no previous studies have reported the SCI
minimum scores for most species to compare with our findings. Impala trophy size trends declined
significantly over time and these are comparable to findings observed in Zimbabwe [30] and South
Africa [25]. The contribution of illegal hunting [59] on the declining trophy size trends may be minimal
given that subsistence hunters kill indiscriminately and do not select for trophy size [76, 77]. Although
trophy sizes for the three ungulates were slightly smaller than expected [32], we note that the habitats
and feed quality in Tanzania are different from those found in Zimbabwe. This variation in trophy
quality could be attributed to the feed quality variations as influenced by resource allocation towards
horn and body growth by these wild ungulates [78, 79]. However, the SCI minimum score for greater
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kudu and sable in Cawston Ranch did not significantly change over time. This may indicate that the
hunting pressure in Cawston Ranch may not necessarily be contributing to the decline in trophy size
of some species. We attribute this observation to the use of conservative hunting quotas for animal
species by the Cawston Ranch management which does promote ecological and sustainable
exploitation principles [43, 80].

Ranch, Zimbabwe; (a) Herd of
elampus), (b) Adult male and

and female sable antelope
atragus niger). Photo credits: Victor K.

species (Fig. 6).

Our results show that population dynamics and trophy size trends do play an important role as
indicators of management interventions in closed and insularized ecosystems. Thus, with active
management and ecologically sound interventions, closed ecosystems may be relics of biodiversity
conservation in Africa, where habitat loss and fragmentation are increasing due to demand for
agricultural land. We recommend studies on the genetic variability and levels of inbreeding on hunted
populations in closed ecosystems, as this selective nature of harvesting may have some influence on
the sustainability of trophy hunting as a conservation tool in Africa.
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