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Abstract

Wildlife ranching including the hunting, collection, sales and husbandry of wild animals in captivity, is practised worldwide
and is advocated as an approach towards the conservation of wild species. While many authors have explored the biological
impacts of intensive wild population management, primarily with respect to disease transmission (especially in ungulates
and fish), the evolutionary and demographic effects of wildlife ranching have been examined less intensively. We discuss
this issue through the case of intensive wildlife management in southern Africa. The genetic consequences of this global
practice, with an emphasis on Africa, were addressed by a motion passed at the 2016 IUCN World Congress- ‘Management
and regulation of intensive breeding and genetic manipulation of large mammals for commercial purposes’. Here, we highlight
concerns regarding intensive breeding programs used to discover, enhance and propagate unusual physical traits, hereafter
referred to as ‘Intentional Genetic Manipulation’. We highlight how ‘Intentional Genetic Manipulation’ potentially threatens
the viability of native species and ecosystems, via genetic erosion, inbreeding, hybridisation and unregulated translocation.
Finally, we discuss the need for better policies in southern Africa and globally, regarding ‘Intentional Genetic Manipulation’,
and the identification of key knowledge gaps.

Keywords Genetic erosion - Hybridisation - Inbreeding - Wildlife - Selective breeding - Small populations - Southern
Africa - Translocation

Introduction

Wildlife ranching entails the utilisation of non-domesticated
animals in captivity or in larger fenced areas (Nogueira and
Nogueira-Filho 2011). The industry’s value to conserva-
tion, along with its ecological sustainability and profitabil-
ity, is highly debated among conservationists (Nogueira and
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Nogueira-Filho 2011). The wildlife industry has grown rap-
idly over the past 10 years due to the high economic value of
wild animals across the globe, which includes sport hunting
in Europe, commercial ranching and the sales of American
bison (Bison bison Linnaeus, 1758) and ostrich (Struthio
camelus australis Gurney, 1868) in North America, ranching
for horn production in black and white rhinoceros (Diceros
binornis Linnaeus, 1758 and Ceratotherium simum Burchell,
1817), the trade of illegal bush meat in West Africa, and
legal trading in antelope since European settlers arrived
in Africa. In many regions, affected species once had vast,
inter-connected ranges. However when kept in enclosed
wildlife ranches, such species experience issues including
small population size, hybridisation, artificial selection and
breeding to create or enhance particular phenotypic traits
(see Fig. 1). These practices potentially threaten the integrity
and viability of native species and ecosystems.

Here, we define wildlife ranching as the maintenance
and management (monitoring, feeding, culling, and trans-
location) of native/non-native animals within fenced land
for breeding, sales, hunting or wildlife viewing. Although
the ecological, evolutionary and economic risks associated
with an intensifying wildlife industry have been identified
in southern Africa by institutions such as the South African
National Biodiversity Institute (SANBI 2007), there are few
policies in place to regulate or mitigate them. Adherence to
best practices among wildlife ranchers seems to be patchy
(Dugmore 2013), while conservation agencies, tasked with
assessing the potential risks of selective breeding and trade
of wildlife resources, have voiced concerns about the genetic
integrity of individuals, populations and species (Nel 2015).

Here we focus on southern Africa due to recent and large
scale changes in practice in this region. Breeding opera-
tions in southern Africa have mainly focused on previously
unmanaged species such as Cape buffalo (Syncerus caffer
Sparrman, 1779), blue wildebeest (Connochaetes taurinus
Burchell, 1823), black wildebeest (Connochaetes gnou Zim-
merman, 1780), blesbok (Damaliscus pygargus phillipsi

Fig. 1 A black (left) and common impala on the right. Picture: Agri-
connect. (Color figure online)
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Pallas, 1767), impala (Aepyceros melampus Lichtenstein,
1812) and sable antelope (Hippotragus niger Harris, 1838).
Legislative changes such as the private ownership of wildlife
in several African countries since the 1960s have resulted
in an increase in wildlife ranching, moving away from
traditional livestock farming (Lindsey et al. 2009). These
changes occurred in Namibia (1967), Zimbabwe (1960 and
1975) and in South Africa at different times depending on
the province (Lindsey et al. 2009). Recently, the 2016 IUCN
World Congress passed a motion focusing on ‘Intentional
Genetic Manipulation’, which was precipitated by the case
of southern Africa, but highlights the global scope of this
issue (https://portals.iucn.org/congress/motion/016). With
advances in biotechnology, intensification of land use, and
continued use of wildlife for viewing, breeding and hunting,
the issue of genetic manipulation of wildlife can be expected
to be increasingly raised in other countries around the world.

Here we (1) summarise the historical situation and current
‘Intentional Genetic Manipulation’ practices in the southern
African wildlife industry, (2) describe the novel challenges
posed by these practices with examples, including paral-
lels with the related practice of aquaculture and (3) discuss
potential decisions-making processes to ensure the future
sustainable use of wildlife resources. We focus primarily
on genetic concerns but recognise that non-genetic analyses
are important (e.g. Cloete et al. 2015), since there are many
aspects of wildlife ranching that may raise concern.

While many genetic concerns have been described (Lind-
sey et al. 2006) in aquaculture (Lafferty et al. 2015), evolu-
tionary implications of wildlife ranching (including changes
in effective population size, inbreeding, rapid spread of
novel alleles, sterility of hybrids, inbreeding, and outbreed-
ing depression) have received less attention but remain cru-
cial factors in conservation. We evaluate the current status
of wildlife ranching in southern Africa as an example to
highlight these concerns. We include a description of the
industry and relevant legislation in South Africa for context,
as this case is well-documented and timely, but where appro-
priate we highlight global connections and implications.

South Africa

South Africa, as a signatory to the Convention on Biological
Diversity (CBD), has committed to implement reasonable
measures for achieving biodiversity conservation and sus-
tainable use of wildlife resources. The South African Con-
stitution mandates the government to develop and implement
legislative measures for environmental protection. Close to
9% of the country’s land is included under terrestrial pro-
tected areas. However, much of South Africa’s semi-natural
land is under private ownership with approximately 9000
properties covering an area of more than 170,000 km?
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(Taylor et al. 2016). Approximately 20% of South Africa’s
land (~ 1,220,000 kmz) is used for wildlife activities includ-
ing hunting, ecotourism and live trade (Taylor et al. 2016),
of which 6% is used for intensive breeding. The majority
of South Africa’s ‘biodiversity estate’ is not secured in for-
mally protected areas. For example, protected areas within
the historical distribution of bontebok (Damaliscus pygar-
gus pygargus Pallas, 1767) contain fewer than 500 individu-
als, whereas several thousand individuals are under private
ownership (Radloff et al. 2015; Fig. 2). South Africa is not
unique in this regard, for instance in the USA there are cur-
rently around 500,000 American bison in captive commer-
cial populations on about 4000 privately owned ranches of
which only 4% (20,000) are in conservation herds (Hedrick
2009).

The total turnover of the wildlife industry in South Africa
was estimated at USD 8.1 billion in 2015 including USD
119 million from wildlife auctions (Janovsky 2015). The
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World Tourism Organisation (WNWTO) has reported that
global wildlife tourism is growing at a rate of about 10% per
year. Individual animals can be extremely valuable, recently
a kudu bull (Tragelaphus strepsiceros Pallas, 1766) was sold
for USD 629,800, a sable antelope for USD 1,809,000, and a
roan antelope (Hippotragus equinus sp. Saint-Hilaire, 1803)
for USD 636,500 (Table 1). These prices seemingly reflect
an increasing demand for ‘quality animals’ with exceptional
morphological features including horn length, body size,
coat colour and coat pattern (Cloete et al. 2015) and the will-
ingness of wildlife ranchers or investors to pay these prices.

Some wildlife owners have recently been deriving a large
proportion of their income from unusual colour and other
morphological variants (Nel 2015). Sophisticated market-
ing strategies are employed to highlight ‘quality’ gene-pools
(see http://www.studgamebreeders.co.za). Animals are now
regarded as a financial investment, stimulating the estab-
lishment of new wildlife ranches every year (Cloete et al.

160 240 320
e mm Kilometers

Fig. 2 Historical ranges of bontebok (light blue) and blesbok (grey) in South Africa. Red lines indicate provincial boundaries. Data represent
known species distributions as of 30 March 2017 (Birss et al. 2017). (Color figure online)
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Table 1 Average price trends and record wildlife auction prices for commonly traded species (most prices reflect adult bulls) adapted from

Cloete et al. 2015

Wildlife species

Price trend 2013-2015

Record price

Wildlife species

Price trend

Record price

2013-2015
Blue wildebeest 234-348 16,750 Kudu 737-4020 629,800 (66")
Golden blue wildebeest 38,190-67,000 180,900 Kudu/black 15,410-100,500 100,500
King blue wildebeest 167,500 871,000 Gemsbok 361-455 2680
Cape Buffalo 20,100-134,000 11,792,000 (55") Red Gemsbok 24,120-268,000 636,500
East African Buffalo 134,000-187,600 670,000 Roan 24,120-37,520 636,500 (31")
Blesbok 107-234 670 Sable 2747-6231 154,100
Blesbok/white 187-710 - Sable (Zambian) 67,000-154,100 1,809,000
Blesbok/white saddlebacked - 281,400 Springbok 127-147 871
Blesbok/yellow 3819-67,000 100,500 Springbok/black 368-670 2412
Impala 107-589 60,300 (27.5") Springbok/coffee - 174,200
Impala/black 16,348-46,900 214,400 Springbok/Kalahari 388-1407 8713
Impala/saddle-backed 46,900-284,750 502,500

Values in parentheses refer to horn length in inches for the animals that were sold for these record prices. Prices are given in US Dollars (USD)

using an exchange rate of 14.92

2015). Trophy hunting also drives markets (and is linked
to evolutionary changes) in other parts of the world, where
individuals of a certain coat colour, trophy size or shape are
more likely than others to be removed from the population
(Allendorf and Hard 2009).

South Africa currently has an estimated 20 million head
of game on private land, whereas 50 years ago, a census of
all game numbered approximately 575,000 (Oberem 2015;
Taylor et al. 2016). Therefore, numerically there is currently
more wildlife in SA than there has been since the large-scale
exterminations by outbreaks of bovine pleuropneumonia
(1850), rinderpest (1896), and hunting by explorer-hunters/
settlers (Bond et al. 2004). Parallel increases in wildlife pop-
ulation size have been observed in many parts of the world
(e.g. Henrruzo and Martinez-Jauregui 2013). This increase
in numbers, however, does not necessarily contribute to
biodiversity/conservation. The Red List of South African
mammals highlighted this issue where many mammal popu-
lations are not ‘wild’ and therefore do not contribute to the
TUCN criteria, and thus would not receive the same protec-
tion as wild populations (Taylor et al. 2016). Populations
containing inter and intra-specific hybrids (as are increas-
ingly appearing on wildlife ranches) are also not given equal
protection in many countries including the US Endangered
Species Act (Allendorf et al. 2004).

The role of legislation
Legislation on nature conservation and wildlife manage-
ment is often locally devolved, as it is in South Africa,

where it has been developed and implemented at both
national and provincial levels. Legislative standardisation
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can thus prove challenging: conditions under which species
may be translocated, released and bred may differ among
regions, and in general, breeding under intensive condi-
tions is poorly regulated. In South Africa, State owned
protected areas capture and sell excess animals, so wild
animals can sometimes be bought to bring new genetic
material to breeding ventures. In addition, protected areas
may have their own breeding projects focusing on con-
servation breeding principles [e.g. the disease-free buffalo
project of the South African National (SAN) Parks], and
these animals may also enter into private ownership.

In South Africa, recent government-initiated stake-
holder forums have emphasised the importance of the
wildlife economy and resulted in a recent policy shift
where game ranching is now recognised as both legiti-
mate and an important driver of the country’s agricul-
tural economy and future wellbeing. Consequently, the
Department of Agriculture, Forestry and Fisheries (DAFF)
recently amended the Animal Improvement Act of 1998
(SA Government Gazette 2016) to include 12 wildlife
species in addition to domestic species, confirming that
game ranching is nationally supported. This amendment
was published without any consultation with major role
players in the wildlife industry as required by law (Naude
2016). Further discussion around the implications of the
new legislation and expansion of the wildlife economy
for long-term biodiversity management and conserva-
tion is therefore needed between all parties involved. In
a similar vein, ostrich has been recognised as a domestic
species by the USDA (United States Department of Agri-
culture) and has been included in the Agriculture Cen-
sus since 2002 (https://www.ostriches.org). The global
implications of legislation and expansion of the wildlife
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economy for biodiversity management therefore needs
careful consideration.

Examples from the wildlife industry

Wildlife breeding has recently focused on finding and
perpetuating rare or novel morphs or forms (for exam-
ple, black vs. common impala; see Table 2; Fig. 1). These
morphs or forms do not confer any selective advantage on
the individuals, and are highly likely to have negative con-
sequences at the individual and population level (Hetem
et al. 2009). Rare colour morphs may have a recessive or
epistatic nature such that the morph will not be observed
in ‘carriers’ (Anderson et al. 2009).

The interface between farmed and natural land is very
likely to be porous since biosecurity in wildlife ranches is
not 100% effective (e.g. Grobler et al. 2011) and as such,
alleles at high frequencies in ranched animals could poten-
tially circulate undetected in natural populations, espe-
cially if recessive. Selection against desirable phenotypes
(unnatural selection) may decrease survival in the wild
(Allendorf and Hard 2009). For example, the colour and
structure of an animal’s pelt are associated with adap-
tation to the thermal environment. Hetem et al. (2009)
reported that black springbok forage less in winter because
the metabolic cost of homeothermy is lower, but may be
disadvantaged during hotter periods. In contrast, white
springbok will be more protected from solar heat load but

less able to meet the energy cost of homeothermy in winter
(Hetem et al. 2009). Metabolic costs may therefore par-
tially explain the rarity of springbok colour morphs in the
wild. Colouration in mammals is especially important in
crypsis, in which (1) the body colour resembles or matches
the natural background of the environment that varies with
season and age or (2) where colour patterns on the body
match patterns of light and dark in the surrounding habitat
(Hetem et al. 2009). In a more recent example, two inde-
pendent loss-of-function mutations in a Wrangel Island
mammoth at the locus of FOXQ1 have been observed
(Rogers and Slatkin 2017). These independent mutations
confer a satin coat phenotype which result in translucent
fur but normal pigmentation (Rogers and Slatkin 2017).

Challenges and potential decision-making
processes

Selective breeding
Challenge

Ranchers are increasingly carrying out ‘Intentional Genetic
Manipulation’ for desirable traits such as larger horns for tro-
phies, colour morphs and bigger animals for meat production.
There has been much interest in the production of game meat
in South Africa and Namibia over the last 50 years (Taylor
et al. 2016) with 1350 tonnes of game meat consumed (Taylor

Table 2 Known desirable colour variants and other variants of ‘wild-type’ animals which have been sold at recent auctions

Species Colour variants Other variants
Blesbok Apache, bronze, coffee, copper, curly hair (woolly), skilder, -
red, speckled, top deck, dappled, masked, painted, saddle-
backed, silver, white, white saddle-back, yellow
Buffalo ‘White Disease free buffalo, east African, east African X southern
African, horn and body size
Eland King cape, white, skilder Cape eland, Livingstone’s, horn length and number of stripes
Impala Black, black-backed, black-nosed, grey, midnight, royal, East African X southern African impala (horn length)
saddle-backed, white, white-flanked, white painted
Lechwe Red, yellow Horn length, cross with waterbuck
Kudu Black, brown, white, zebra-striped Horn length, cross with nyala
Nyala - Cold adapted nyala, horn length, cross with kudu
Gemsbok Dappled, golden, ivory, red, white, yellow, skilder, cardinal, Heartwater gemsbok, Kalahari, horn length
scimitar
Reedbuck - Horn length
Roan - Western Africa X southern Africa roan (horn length)
Sable Golden Malawian sable, Matetsi Tanzanian, Zambian, West Zam-
bian, various crosses, horn length
Springbok Black, blue, coffee, copper, cream, damara, dappled, king, Heartwater springbok, Kalahari

ivory, painted, royal, white

Blue Wildebeest Gold with markings, golden (tuli), king (including marking -

variants), golden king

@ Springer
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et al. 2016) and 450 tonnes of wild meat exported annually
during the early 2000s (National Agricultural Marketing
Council, NAMC 2006). ‘Intentional Genetic Manipulation’
can lead to genetic erosion due to founder effect, genetic drift
and inbreeding, potentially resulting in the fixation of delete-
rious alleles that may be co-inherited with anthopogenically-
desired traits (Frankham et al. 2010). Loss of heterozygosity
and allelic diversity may impact on a species’ evolutionary
potential and the reproductive potential of captive stock.
Some of these traits such as coat colour may be genetically
linked to behavioural changes (Jacobs et al. 2016). Genetic
exchange between farmed and wild populations could result
in substantial alteration of local allele frequencies in natu-
ral populations, decreasing short-term fitness and long-term
evolutionary potential as shown in Atlantic salmon (Perrier
et al. 2013). Unintentional selection is also likely to occur on
wildlife ranches due to the absence of predators, the practices
of supplementary feeding and water provision, and the provi-
sion of veterinary care. The diminution of natural selection
may encourage traits or behaviours that are maladaptive in
the wild (Frankham et al. 2010). In both plants and animals,
managed populations have converged on a ‘domestication
syndrome’, featuring sets of traits that may be beneficial in
captivity (Wright 2015).

Decisions

Management decisions include the implementation of barri-
ers or buffer zones between ranched and wild populations as
seen in the case of buffalo and cattle and monitoring of both
gene pools using molecular markers (Hansen et al. 2012).
Guidelines for breeding, population isolation and transloca-
tion should be developed after scientific investigation and
determination of their feasibility, social acceptability and
effectiveness. Small scale implementation of trial manage-
ment plans could be performed or an adaptive management
approach could be taken to establish which practices best
conserve genetic variation and fitness. The fisheries industry
often performs careful evaluation of the genetic status of
their stock and of the genetic contact between stocked and
wild populations (Begg et al. 1999).

Sound policy must be underpinned by scientific informa-
tion. There is an urgent need to understand the underlying
genetic basis of the traits that are currently being selected on
wildlife ranches and to determine how allele frequencies dif-
fer between ranched and wild populations. This knowledge
can be achieved through analysis of candidate genes, experi-
ments and/or by using shared records on breeding outcomes
from the ranchers, though we recognise that the genetic basis
of some traits will be more difficult than others to docu-
ment (Hoban et al. 2016). There is now a broader knowledge
base on the genetic underpinning of coat colour in wild and
domestic animals (e.g. Anderson et al. 2009), which can
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be expanded upon. Additional data regarding colour genes
are given in the Supplementary materials. For an illustra-
tion of four different colour gene types and a description
of the primary colour genes in horses see Supplementary
material 1 (Table 1) and 2, respectively. Policy needs to be
co-developed in an open, transparent, and fair fashion. This
should include the development of regulatory frameworks
to find the right balance between biodiversity and economic
interest (Cook et al. 2013).

Small populations
Challenge

Effective management of small or disconnected populations
has been identified as a core problem in conservation biology
since the inception of the discipline. In addition to genetic
issues, small populations often feature breakdown of normal
behaviours, and demographic instability with high extinc-
tion potential. Small populations on wildlife farms are also
subject to the frequent removal of individuals for hunting or
breeding. In such populations, a few males may dominate
reproduction within a population or several subpopulations
via the deliberate use of stud animals (Garnier et al. 2001).
Such issues are likely to be especially problematic in many
southern African wildlife species, regardless of whether they
are found on wildlife ranches, since many of these species
have historically featured very large populations distributed
over vast areas (see Figs. 2, 3; Birss et al. 2017).

Decisions

Traditional approaches include well-planned breeding and
translocations in addition to keeping detailed records (stud-
books) which include genetic data e.g. results from parent-
age analyses (Leus et al. 2011). For example, transloca-
tion records have enabled better management of Alpine
ibex (Capra ibex Linnaeus, 1758) populations (Biebach
and Keller 2009). Genetic monitoring can be performed to
establish status and trends and help decide when to bring in
animals from other populations (e.g. Iyengar et al. 2007).
A private reserve of scimitar-horned oryx (Oryx dam-
mah Cretzschmar, 1827) in the United Arab Emirates has
recently been evaluated for its genetic importance to the
whole species (El Algamy et al. 2012). Population viability
analysis can be coupled with monitoring to help model,
understand and predict the future consequences of differ-
ent management strategies (Pierson et al. 2015). Software
that combines elements of natural population simulations
(e.g. Vortex; Lacy 2000) and population management (e.g.
PmX; Lacy et al. 2012) can also be applied. Several online
data recording systems now exist to help with these efforts:
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Fig.3 Historical distribution ranges of blue (light blue) and black
wildebeest (grey). The overlap between blue (right) and black (left)
wildebeest distributions is indicated by the darker blue colour. Red

for example, the South African Stud Book and Animal
Improvement Association (http://www.logix.org.za), and
the Independent Wildlife Registering Authority system
(http://ws2.co.za/about-us/).

Policy and guidance is needed to develop and promote
best practices for sustainability, similar to goals for zoo
populations (Lacy et al. 2012). Zoo populations are care-
fully managed to alleviate small population problems, with
frequent transfer of individuals for mating (Lacy 2013). Sci-
entists and wildlife ranchers should be encouraged to co-
develop metapopulation and population management plans
for each species, as has been done for wild dogs, lions and
other predators (Miller et al. 2015). This may, for example,
include guidelines for the number of individuals needed to
be translocated to maintain genetically healthy populations
after taking into account the costs and benefits. Another way
to alleviate negative effects in small/fragmented populations,
especially populations that have been strongly reduced by
anthropogenic activities, may be to allow managed gene
exchange between two or more closely related populations
or even, in extremis, subspecies (Frankham 2015; Frankham
et al. 2017). There are numerous arguments for and against
this approach and each case should be evaluated on its

160 240 320

Kilometers

lines indicate provincial boundaries. Data represent known species
distributions as of 30 March 2017 (Birss et al. 2017). (Color figure
online)

own merits. General considerations include (i) limiting
gene exchange to within the same taxon, (ii) considering
whether exchanging populations are adapted to similar envi-
ronments, (iii) testing whether the populations have fixed
chromosomal differences and (iv) evaluating whether gene
flow has occurred between the populations within the recent
past (500 years has been suggested; Frankham et al. 2011).
Conservationists and scientists should therefore attempt to
evaluate the risks of outcrossing for the species of interest.
Data from previous studies showed that 93% of such events
resulted in fitness benefits (improved growth rates, fertil-
ity, and survival) for the outcrossed population. Only nine
cases showed deleterious effects and one study showed mild
outbreeding depression (Frankham 2015).

Hybridisation and translocation

Challenge

Hybridisation can and does occur in nature between closely
related species (e.g. black wildebeest and blue wilde-

beest; Grobler et al. 2011), subspecies (bontebok and bles-
bok, D. p. phillipsi; Van Wyk et al. 2013) or genetically
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differentiated populations. Human-mediated hybridisation
may occur due to changes in the distribution and abundance
of a species, removal of landscape or behavioural barriers,
or introduction of non-native species (Allendorf et al. 2001).
Between 130,000 and 167,000 animals (http://www.wtass.
org/Default.aspx; Dry 2013) are estimated to be translocated
annually in South Africa but these numbers may be underes-
timates (Taylor et al. 2016). Due to the rapid rate of ongoing
translocations in wildlife farming, documentation is scarce.

Hybridisation may be deliberate, accidental or both.
Deliberate hybridisation is known between greater kudu
(Tragelaphus strepsiceros Pallas, 1766) and nyala (T. angasii
Angas, 1849), waterbuck (Kobus ellipsiprymnus Ogilby,
1833) and lechwe (K. leche Gray, 1850) and southern-west-
ern sable (Hippotragus equinus equinus Saint-Hilaire, 1803)
and roan (H. e. koba, Gray 1872). The historical distribu-
tion of black and blue wildebeest overlapped but hybridisa-
tion may have been prevented by the presence of plentiful
con-specific mates and no restriction to movement (Fig. 3;
Supplementary material 3). However, farming both spe-
cies on the same land with few or no con-specific mates
may encourage hybridisation (Grobler et al. 2011; Dalton
et al. 2014) and this is a general risk of game farming (e.g.
Blanco-Aguiar et al. 2008). Hybridisation can have posi-
tive effects such as heterosis (hybrid vigour) and genetic
rescue of inbred populations. Crossing closely related spe-
cies/subspecies may be a solution for taxa that have been
reduced due to human impact (Frankham et al. 2017). How-
ever, negative effects of hybridisation include loss of local
adaptations and unique traits, reduced fertility and offspring
viability which can lead to extinction (Wolf et al. 2001), and
outbreeding depression which has, for example, been docu-
mented in southern Africa (e.g. greater kudu-nyala; Dalton
et al. 2014). Furthermore, species are routinely introduced
beyond their historical distributions (different climatic con-
ditions/vegetation/ecosystems), e.g. black wildebeest in
Namibia (Lindsey et al. 2006) and Botswana (I Rushworth,
personal communication, Ezemvelo KZN Wildlife). We
therefore propose that the climate requirements of the focal
species should be understood and matched to current/future
climate at the translocation site by measuring key climate
parameters (see the [IUCN Guidelines for Reintroductions
and Other Conservation Translocations).

Decisions

In order to conserve biodiversity by safeguarding the genetic
integrity of each species/subspecies (sensu the Convention
on Biological Diversity’s Aichi Target 13, http://www.cbd.
int/sp/targets/), national and provincial policy needs to clar-
ify which species may be kept on the same land, for example
prohibiting co-enclosure of closely related species/domes-
ticated relatives to prevent hybridisation events (Hedrick
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2009; Grobler et al. 2011, see Supplementary material 3
and 4). Other decisions include isolating suspected hybrid
groups in adequate, regularly inspected enclosures. When
hybridisation is deemed detrimental, no translocations
should be allowed until reliable genetic tests to screen for
hybrids have been conducted. If hybrids are found in a
population, and sufficient genetic variation exists in non-
hybrid populations, owners may be encouraged to remove
all unwanted animals with compensation from the govern-
ment (see wolf-dog hybridisation; Vila et al. 2003). Another
option is to incentivise or mandate wildlife ranchers to reg-
ister populations of species where the taxonomic integrity
of that species has been preserved (based on management
history and genetic tests) and to tightly control introductions
into and translocations from these populations. In contrast,
some may argue that actions such as deliberate admixture
by introducing individuals from related subspecies may
be necessary to recover population fitness even though the
taxonomic integrity of a species may be temporarily dis-
rupted (Stowell et al. 2017). This issue of genetic rescue to
prevent species from extinction is debated in the literature
(Frankham 2015; Stowell et al. 2017). However, here we
refer to the issue of deliberate subspecies admixture where
there is no threat of extinction or reduced population fitness
to either of the subspecies. Therefore we do not recommend
this as a first course of action for viable species/subspecies
unless a risk assessment has been carried out to assess the
likelihood of outbreeding depression.

Data should be maintained for each individual and all
actions (for example, translocations) should be recorded.
It is also important to conduct educational campaigns for
landowners and officials on genetic principles/issues such
as hybridisation.

Genetic techniques and software tools can help to identify
hybrids and determine the extent of hybridisation in order
to inform policy makers (Supplementary material 3 and 4).
Local molecular genetic facilities in countries such as South
Africa, Botswana and Namibia are readily available but the
methods carried out should be standardised and laboratories
should be encouraged to exchange baseline reference data
where mutually beneficial. Such services are increasingly
available worldwide.

A crucial need is to establish and agree upon the ‘natural’
ranges (including historical, current and translocated ranges)
of wildlife species and the genetic variants (including sub-
species) within them. Genetic and other data within species
need to be available to identify evolutionarily significant
units (ESUs) and management units (MUs) which allow for
the preservation of genetic variation within species. It is also
important to identify the appropriate units for conservation
in order to maintain ecological and evolutionary processes
(Funk et al. 2012). For example, the South African Depart-
ment of Environmental Affairs (DEA) is producing range
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maps for all indigenous species (e.g. Birss et al. 2017) and
this activity is ongoing worldwide in pursuance of Article
7 of the Convention on Biological Diversity. Ecological
and genetic information should be integrated into range
definitions, as well as historical distributions. Combining
range maps and current knowledge of breeding outcomes
can inform the level of translocation that may be considered
detrimental to the species and this knowledge may improve
decisions regarding translocations.

Future technologies

Given new technologies such as CRISPR/CAS9 gene edit-
ing, it is possible that genetically modified organisms will
soon appear in the game ranching industry, as it has already
in aquaculture (Howard et al. 2004). A regulated approach
needs to be formulated for the implementation of these
methods since genetically modified genetic material could
thus enter wild populations, via unintended consequences.
For example, in Howard et al. (2004) it has been reported
that genetically modified male medaka fish have an over-
whelming mating advantage while their offspring suffer
from a survival disadvantage relative to the wild type. This
mechanism will ultimately lead to population extinction
because of the viability disadvantage. More recent examples
of genetic modification involve CRISPR and eradication of
invasive species such as rats (Owens 2017). Potentially any
species could be subject to CRISPR modification, though it
is not clear when it may be applied to large mammals.

Conclusions

In summary, we suggest the following key steps for this
industry:

1. New guidelines, policy and legislation, informed by sci-
entific evidence and expert wildlife ranching knowledge,
should be developed and enforced globally, including
in southern Africa, via collaboration between wildlife
ranchers, scientists, community members, government,
and management authorities.

2. A lack of evidence remains in key areas such as the
genetic basis of commonly selected traits, knowledge of
range distributions, species’ boundaries, impact of unin-
tentional selection, and the required effective population
size to manage wildlife species. Partnerships between
scientists and ranchers, individually and on large scale
through shared, open data, can help to obtain such
knowledge. Scientists also need to develop and broad-
cast case studies of representative outcomes.

3. Specific recommendations based on the long-term moni-
toring of genetic effects within intensively managed
populations are needed.

4. Educational/outreach material is needed on the conser-
vation, environmental, social, and economic dimensions
of ‘Intentional Genetic Manipulation’, including online
educational resources (Hoban et al. 2013).

5. Open recording of animal breeding and movement
across all wildlife ranches and other conservation areas
with the integration of genetic tools should be encour-
aged to track translocations and provide knowledge on
stock genetic diversity and species’ divisions.

6. Yearly forums for involved stakeholders should be held
to share information, facilitate communication, and host
training sessions.
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