
344 South African Journal of Science 97, September/October 2001 Commentary

Compromising South Africa’s natural
biodiversity — inappropriate herbivore

introductions

J.G. Castleya*, A.F. Boshoffb and G.I.H. Kerleyb

THE INTRODUCTION OF NON-NATIVE
species can affect natural habitats in
ways that are often difficult to quan-

tify but that, despite their potential bene-
fits, pose an increasing global threat to
biodiversity. As a signatory to the Con-
vention on Biological Diversity, South Af-
rica is committed to preserving the
natural biota. An analysis of a number of
private wildlife operations in the
arid/semi-arid regions of South Africa has

revealed an alarming degree of undesir-
able large mammal introductions. The
extent of non-native species in private
wildlife operations ranged between 10
and 57%, with two-thirds of all operations
surveyed having 25% or more non-native
species present. Such introductions in-
tended to enhance local diversity so as to
improve the economic viability of these
operations, but, at present, the ecological
as well as economic costs appear to out-
weigh the benefits. Private wildlife opera-
tions have the potential, however, to
contribute significantly to the conserva-
tion of South Africa’s biodiversity if ap-
propriate precautionary measures are

adopted when introducing non-native
species.
Local biodiversity may be increased
through the introduction of non-indige-
nous species,1–3 but, it has been argued,
the loss of sensitive species (that is,
those confined to certain microhabitats,
endemics, etc.) as a result of competitive
exclusion and associated effects ultimately
diminishes regional landscape diversity
as well as global diversity and ecosystem
functioning.4,5

As a signatory to the Convention on
Biological Diversity, South Africa is
obliged to control the introduction of
non-native species either through eradi-
cation or by preventing the further intro-
duction of such species. The government
has drafted a policy on the threat of such
non-native species to the country ’s
biodiversity,6 to increase understanding
of the problems associated with such in-
troductions, and to promote the sustain-
able use of South Africa’s indigenous
resources. Critical to the success of such a
policy is its acceptance and effective im-
plementation by both state organizations
and private individuals.

The recent resurgence of interest in
game farming/ranching in southern
Africa has been revealed as a sustainable
alternative to livestock farming,7–10 espe-
cially in semi-arid areas where low rain-
fall precludes cropping and livestock
production is marginal. Owing to the ex-
tirpation of a majority of native species
through hunting and habitat transforma-
tion, many wildlife operations rely for
their economic viability on the re-intro-
duction of large herbivores as well as
the introduction of species that do not
occur naturally, but at unrecognized cost
to ecological integrity and long-term
sustainability.

The translocation of wildlife species as
an important conservation management
tool14–16 or as a means of generating eco-
nomic activity (tourism, hunting) is a
worldwide phenomenon, but those in-
volving exotic species generally result in
serious problems for conservation and
management17–19 and species are often in-
troduced into areas beyond their natural
range.11–13

Many non-native large mammal species,
particularly ungulates, occur on private
farms and reserves in southern Africa.8,20–22

Despite the recognized problems in-
curred by the spread of terrestrial and
aquatic alien plants and invasion by
smaller mammals (mice, rats)24,25, it has
been suggested that alien mammals are
seldom invasive in South Africa23 even
though the translocation of these species
beyond their historical range is common-
place.22 Little attention has been paid
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to the ecological and economic costs,
however, of intentional introductions of
terrestrial fauna in South Africa.

This article assesses the incidence of in-
troduced large mammal species (predom-
inantly ungulates and megaherbivores)
on some of the larger wildlife operations
in the semi-arid areas of South Africa, and
illustrates the tendency to introduce
non-native species. The aim is not to pro-
vide a comprehensive account of the
status of such species on game areas
throughout South Africa (although such
information is badly needed), but to
generate debate about the validity of such
introductions, the reasoning behind
many of them, and some potential costs
and benefits. The study also tested the
hypothesis that such introductions are
more prevalent in more mesic areas,
because of the opportunities they offer to
maintain a wider spectrum of species.

Methods
Information about the large mammal

species occurring in the semi-arid regions
of South Africa was solicited from wildlife
operations there, selected as being repre-
sentative of relatively large commercial
tourism or game ranching operations
that focus on generating income from
wildlife. A survey was conducted of 30
wildlife operations: 18 in the Northern
Cape Province, eight in the Eastern Cape
Province and four in North West Prov-

ince. The areas ranged in size from less
than 1000 ha to more than 100 000 ha.
Telephonic interviews were conducted
with the managers/owners of each opera-
tion. To provide an indication of the range
of species being stocked, complete species
lists were requested of the ungulate and
megaherbivore fauna, as these are gener-
ally the focal species in safari/wildlife
ventures,9 as well as information about
the presence of artificially maintained
genetic variants on the properties and the
motivation behind the re-introduction of
certain species. The species lists were clas-
sified according to whether the species
were native to the area, or introduced.
Native species were identified as those
which currently occur, or previously
occurred, in the area, based on historical
records for the southern African terres-
trial fauna.26–29 Introduced species include
all those native species translocated to
regions beyond their natural historical
range (extralimital), as well as all exotic
species [defined here as those not re-
corded from the southern African subre-
gion30 and including naturalized species,
for example, fallow deer (Cervus dama)
and feral pig (Sus scrofa)]. The hypothesis
of increased introductions into more me-
sic areas was tested using an ANOVA
comparison of the incidence of intro-
duced species in the Northern Cape and
North West provinces versus the Eastern
Cape Province.

In addition, to assess the commercial ex-
tent of such activities, hunting operations
listed in a South African hunting maga-
zine, Magnum, were investigated through
an analysis of advertisements placed for
hunting opportunities including intro-
duced species. Although this database is
non-random in terms of wildlife-based
ventures in South Africa, it does indicate
the reliance of commercial hunting opera-
tions on introduced species.

Results
In total, 47 large herbivore species, of

which 10 are exotic to the continent or
sub-continent, were recorded from the 30
operations surveyed. All these operations
supported populations of introduced
herbivore species, with proportions rang-
ing from 10 to 57% of the species on the
property. Of the 30 operations, eight
(27%) were characterized by a large
number of introduced species (more than
one third of the total number of species
present), while 20 (66%) operations had
25% or more introduced species (Table 1).
Fifteen introduced species native to
southern Africa were also recorded in
areas outside their natural historical dis-
tributions, so these records were regarded
as extralimital. These extralimital distribu-
tions extended to the subspecies level
where distinctive subspecies of roan ante-
lope from West Africa (Hippotragus equinus
koba) were recorded.
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Table 1. The occurrence of introduced (extralimital and exotic) wildlife species reported from wildlife operations in each of three South African provinces.

Frequency of occurrence

Species Scientific name Northern Cape Eastern Cape North West Province
(n = 18) (n = 8) (n = 4)

Black wildebeest Connochaetes gnou 12 6 2
Blue wildebeest Connochaetes taurinus N/A 6 N/A
Bontebok Damaliscus dorcas phillipsi 1 4 0
Blesbok Damaliscus dorcas dorcas 4 1 0
Gemsbok Oryx gazella N/A 5 N/A
Giraffe Giraffa camelopardalis N/A 5 N/A
Hartmann’s mountain zebra Equus zebra hartmannae 7 1 0
Impala Aepyceros melampus 14 8 2
Lechwe Kobus leche 3 5 0
Mountain reedbuck Redunca fulvorufula 4 N/A 2
Nyala Tragelaphus angasii 4 4 3
Sable Hippotragus niger 6 0 2
Springbok Antidorcas marsupialis N/A 2 N/A
Waterbuck Kobus ellipsiprymnus 10 3 4
White rhino Ceratotherium simum N/A 5 N/A
Barbary sheep* Ammotragus lervia 4 1 0
Blackbuck** Antilope cervicapra 1 0 0
Camel** Camelus dromidarius 2 0 0
Fallow deer** Cervus dama 4 4 2
Himalayan thar** Hemitragus jemlahicus 0 1 0
Hog deer** Axis porcinus 0 1 1
Mouflon** Ovis musimon 0 1 0
Sambar** Cervus unicolor 0 0 1
Scimitar oryx* Oryx dammah 0 1 1
Water buffalo** Bubalus amee 0 0 2

**Denotes species that are exotic to the African continent and *those exotic to the subcontinent.55

N/A indicates appropriate species for a particular province which are therefore not applicable in terms of the assessment of introduced species.



The Eastern Cape had the highest pro-
portion of introduced species (35%) with
the Northern Cape (26%) and North West
provinces (24%) supporting marginally
lower proportions of introduced species.
Eight operations (27%) maintained genetic
variants of species, particularly white and
black springbok (Antidorcas marsupialis),
and white blesbok (Damaliscus dorcas
phillipsi). In addition, 24 operations (80%)
carried species which had the potential to
hybridize (Table 2), although in a few
cases these species were physically kept
apart. The total number of species present
on any particular operation ranged from
10 to 28 with a mean of 17.4 ± 0.90 (±s.e.).
The mean number of native species from
each operation was 12.3 ± 0.60 (range =
6–19) with no difference between the
regions (F = 2.15, d.f. = 29, P = 0.136),
while the mean number of introduced
species was 5.1 ± 0.48 (range = 1–11),
with the Eastern Cape having more intro-
duced species than the Northern Cape
and North West provinces (F = 4.06, d.f. =
29, P < 0.05).

Extralimital or exotic species were intro-
duced to enhance visitor experience by
increasing the number of species to view
in the majority of the eco-tourism opera-
tions, while at the same time providing a
wide variety of species, which was impor-
tant in hunting operations. Of 32 wildlife
operations listed in a local hunting maga-
zine offering hunting opportunities in the
Eastern and Northern Cape provinces, 14
(44%) offer exotic or extralimital species.
The most common species include fallow
deer, blesbok, impala (Aepyceros melam-
pus), Hartmann’s mountain zebra (Equus
zebra hartmannae) and red lechwe (Kobus
leche). In two advertisements both black
(Connochaetes gnou) and blue wildebeest
(Connochaetes taurinus) are offered by the
same operation, even though the potential
exists for these two species to hybridize.

Discussion
Wildlife operations in the semi-arid areas

of South Africa have a strong tendency to
introduce both exotic and extralimital
species on their properties, and this in-
creases in more mesic habitats. These

efforts aim not only to boost the eco-
tourism potential of the property but also
to increase the number of huntable spe-
cies, despite the fact that there is an abun-
dance of native species26–28,30 to stock
wildlife operations (more than 20 in most
cases) in each of the three provinces
covered in the study. This natural herbi-
vore diversity, which is nearly twice that
occurring on the entire North American
continent,31 should preclude the need to
introduce exotic or extralimital species.

Many of the operations appear directed
by short-term commercial benefits rather
than by long-term conservation philoso-
phies and policies. The presence of intro-
duced species as well as genetic variants
(such as black or white springbok) result
from a novelty factor, especially for game
viewing and hunting. This was confirmed
by respondents indicating that a number
of species on their properties were intro-
duced for the sole purpose of increasing
the visibility and diversity of the game for
tourism-based operations, whereas hunt-
ing outfits used introduced species as a
drawcard for international markets.

The introduction of non-native species
enhances wildlife uses through the artifi-
cial increase in diversity.8 It is predicted,
however, that this artificial diversity,
specifically in the context of eco-tourism,
will seriously jeopardize the success of
the industry as consumers become more
environmentally aware. Anecdotal evi-
dence suggests that tourists are becoming
increasingly disillusioned with the pres-
ence of exotic and extralimital species on
wildlife operations.

The introduction of species for reasons
other than conservation has previously
been reported for South Africa32 and is
also widespread elsewhere.33 Our analy-
sis of wildlife operations in the semi-arid
regions of South Africa makes it clear
that a number of non-African species
are stocked. The possible conservation
threats posed by exotic species such as the
scimitar horned oryx (Oryx dammah),
barbary sheep (Ammotragus lervia) and
mouflon (Ovis musimon), which were all
recorded in the present analysis, have
been highlighted previously,22 and it was

suggested that the latter two species in
particular should not be permitted on
private game farms at all, owing to their
capacity to adapt to local conditions and
their potential to become invasive. Intro-
ducing species that can hybridize with
native species is also a concern, as they
may affect the genetic integrity and
long-term survival of the overall native
population, and may also influence the
commercial market value of these animals.

Not all introductions are of exotic
species, and many operations include
extralimital species native to southern
Africa because the habitat is perceived to
be suitable for the respective species, and
in order to boost the eco-tourist potential
of the property. Re-introducing species
into areas within their historical range
from which they have disappeared has
become an important tool in wildlife
management14, 34–36 but it is imperative that
the re-introduction of native species
should always be conditional on the
suitability and extent of the available hab-
itat types and the presence of potential
competitors. Habitat suitability appears
to influence the success rate of introduc-
tions significantly, and even though
potential release sites are within the
historical range of particular species,
these may no longer be suitable because
of the transformed nature of the habitat.36

Indiscriminate re-introductions of species
without prior assessment of habitat suit-
ability could therefore have severe eco-
logical as well as economic repercussions.

Brooke et al.22 suggested that introduc-
ing alien species into natural areas was
not itself significant in the conservation of
natural ecosystems, but pointed out that
the adverse effects were rather a function
of the fecundity of these introduced pop-
ulations and of the size of the founder
population, which has a considerable in-
fluence on the survival of the introduced
species. Non-breeding species can affect
native populations subtly but substan-
tially, however, by causing changes in the
relative abundance of different species
or guilds, modification of functional
relationships,23 resource competition,
competitive exclusion and niche displace-
ment,37 genetic pollution (hybridization
and loss of heterozygosity)13,38–40 and
possible action as disease vectors.32,33,41,42

Decline of native species has also been
shown in the face of competition with
introduced species, particularly when
resources are limited.43 The potential to
determine deleterious effects has been
reduced, unfortunately, because the eco-
logical interactions that an introduced
species has on other species and on the
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Table 2. Number of wildlife operations surveyed in three South African provinces, which support species with the
potential to hybridize.

Species Northern Cape Eastern Cape North West Province
(n = 18) (n = 8) (n = 4)

Hartmann’s mountain zebra/Cape mountain 4 1 0
zebra or plains zebra

Black and blue wildebeest 12 4 2
Bontebok and Blesbok 1 4 0
Gemsbok and Scimitar oryx 1 0 1



environment are not fully understood.32,44

The benefits of introductions, therefore,
need to be weighed up against the unan-
ticipated costs, particularly where exotic
animals are introduced. Such cost/benefit
analyses are complicated by the uneven
distribution of effects across ecosystems,
regions, society and time.12 Hence, warn-
ings have been issued against those intro-
ductions that take insufficient account
of genetic, taxonomic and ecological
considerations.38 As an example, the Addo
Elephant National Park in the Eastern
Cape is bordered by private wildlife oper-
ations supporting extralimital species
whose spread [including impala and
crocodile (Crocodylus niloticus) to date]
into the national park causes manage-
ment problems for South African Na-
tional Parks, who have to control the
animals.

Although case studies show some of the
benefits of introducing non-native organ-
isms,44 the costs appear to exceed them
(Table 3) and the uncertainty of surround-
ing scientific predictions regarding the
ecological and economic costs of these
introductions is reflected in the lack of
introduction policies.12 More research on
the costs and benefits is clearly needed.44

Some of the ecological benefits (such as
bulk grazing) can be more efficiently
provided by the judicious use of domestic
herbivores, which are easier to manage.

Whether species are imported as biolog-
ical control agents45 or as a means of
artificially increasing local biodiversity,
inappropriate introductions may have
problematic consequences for native
species.46 Prospective game-based opera-
tors need to be aware of the dangers of
undesirable species which, although

economically viable in the short term,
may ultimately reduce local and regional
biodiversity (and long-term economic
viability). To compound the problem,
many of these introductions are recent, so
the assessment of the long-term persis-
tence and impacts of these species is not
yet possible.47

Although the rising numbers of private
game-based operations and their possible
contribution to the survival of South
Africa’s biological diversity is encourag-
ing, it must be viewed in terms of ecologi-
cal sustainability. Callicott and Mumford48

proposed that the underlying benefits
of ecological sustainability must meet
human needs without compromising the
health of the ecosystem. The concepts of
sustainable yield and sustainable devel-
opment are directly linked to human use
of natural resources, which makes them
different from the concept of ecological
sustainability. A paradox exists in that
wildlife operations are potentially a more
suitable, and more sustainable, form of
land use than pastoralism,9 but the intro-
duction of inappropriate species to these
areas may compromise and negate the
benefits. It has been argued that the
severe impact of non-indigenous organ-
isms on native species and ecosystems
worldwide is a form of global change,
with individual species being responsible
for ecosystem level changes.12 The precau-
tionary principle is therefore advocated
when future introductions are consid-
ered.

The IUCN’s guidelines for re-intro-
ducing species to enhance regional con-
servation efforts16 stress the importance of
re-introduction into their former distribu-
tion ranges only, and concentrate only on

those areas where attempts are being
made to establish viable populations. In
the South African situation, many wildlife
operations are directed purely at the
hunting fraternity, in which case the
guidelines set out by the IUCN may not
be applicable. Where the operations are
directed towards game-viewing eco-
tourism, however, it is imperative that the
underlying principle of re-introducing
species into their former range is adhered
to.

This study shows that this principle is
disregarded in a large percentage of
South African wildlife ventures, and an
urgent review of translocation policy in
South Africa is required. The current
permit application system is flawed as it
ignores ecological considerations and is
based purely on restricting introduced
species to particular properties. The pres-
ent financial and logistical constraints
facing conservation in South Africa have
severely reduced the country’s capacity
to enforce conservation policies and
regulations, especially with regard to
translocations. A more successful strategy
may be to focus on the ecological and
economic impacts of inappropriate intro-
ductions, and to educate managers as
well as the eco-tourist public about the
consequences.

1. Noss R.F. (1995). Maintaining Ecological Integrity in
Representative Reserve Networks. World Wildlife
Fund Canada/World Wildlife Fund United States,
Toronto, Ontario, and Washington, D.C.

2. Angermeier P.L. (1994). Does biodiversity include
artificial diversity? Cons. Biol. 8, 600–602.

3. Angermeier P.L. and Karr J. (1994). Biological
integrity versus biological diversity as policy
directives: protecting biotic resources. Bioscience
44, 690–697.

4. Bengtsson J., Jones H. and Setala H. (1997). The
value of biodiversity. TREE 12, 334–336.

5. Naem S., Thompson L.J., Lawler S.P., Lawton J.H.
and Woodfin R.M. (1994) Declining biodiversity
can alter the performance of ecosystems. Nature
386, 734–736.

6. Anon. (1997). White paper on the conservation
and sustainable use of South Africa’s biological
diversity. Government Gazette 385, no. 18163.

7. Berry M.P.S. (1986). A comparison of different
wildlife production enterprises in the northern
Cape Province, South Africa. S. Afr. J. Wildl. Res. 16,
124–128.

8. Barnes J.I. and de Jager J.L.V. (1996). Economic
and financial incentives for wildlife use on private
land in Namibia and the implications for policy.
S. Afr. J. Wildl. Res. 26, 37–46.

9. Kerley G.I.H., Knight M.H. and De Kock M. (1995).
Desertification of subtropical thicket in the East-
ern Cape, South Africa: are there alternatives? En-
viron. Monit. Ass. 37, 211–230.

10. Richardson J.A. (1998). Wildlife utilization and
biodiversity conservation in Namibia: conflicting
or complimentary objectives. Biodiv. Cons. 7,
549–560.

11. Joubert E. and Mostert P.M.K. (1975). Distribution
patterns and status of some mammals in South
West Africa. Madoqua 9, 4–44.

12. Daehler C.C. and Gordon D.R. (1997). To intro-
duce or not to introduce: trade-offs of non-indi-

Commentary South African Journal of Science 97, September/October 2001 347

Table 3. Possible ecological and costs and benefits associated with the introduction of exotic and/or extralimital
species by private wildlife operations.

Costs and benefits

Ecological costs
Potential loss of animals due to stochastic events46,49

Potential competition with native species for limited resources43

Potential for social (interspecific and intraspecific) problems
Potential for habitat degradation50

Potential for hybridization with native species22,38–40

Potential for spread of disease and parasites41,42

Potential for inbreeding and increased juvenile mortality51,52

Ecological benefits
Potential to fulfil key ecological functions, e.g. bulk grazing
Potential maintenance of critical refugia for endangered species53,54

Economic costs
Extra costs associated with ‘out of area’ purchase and transport
Reduced potential for cooperation with neighbours in conservation/wildlife-based ventures
Possible negative eco-tourism marketing image, e.g. ‘zoo in the wild’
Loss of investment capital due to mortality caused by environmental extremes and social conflicts
Loss of potential revenue (from game sales) as a result of hybridization

Economic benefits
Increased number of species to view, therefore an increased potential to attract (non-discerning) eco-tourists
Increased number of species to harvest for live game sales, trophy hunting, venison markets



genous organisms. TREE 12, 424–425.
13. Green W.C.H. and Rothstein A. (1998). Trans-

location, hybridisation and the endangered
black-faced impala. Cons. Biol. 12, 475–480.

14. Griffith B., Scott J.M., Carpenter J.W. and Reed C.
(1989). Translocation as a species conservation
tool: status and strategy. Science 245, 477–480.

15. Caughley G. (1994). Directions in conservation
biology. J. Anim. Ecol. 63, 215–244.

16. IUCN (1995). IUCN/SSC RSG guidelines for
re-introductions. Gland, Switzerland.

17. Arano B., Llorente G., Garcia-Paris M. and
Herrero P. (1995). Species translocation menaces
Iberian waterfrogs. Cons. Biol. 9, 196–198.

18. Griffin M. (1998). The species diversity, distribu-
tion and conservation of Namibian mammals.
Biodiv. Cons. 7, 483–494.

19 Scheffer V. (1994). The Olympic goat controversy:
a perspective. Cons. Biol. 7, 916–919.

20. Bigalke R.C. and Bateman J.A. (1962). On the
status and distribution of ungulate mammals in
the Cape Province, South Africa. Ann. Cape Prov.
Mus. 2, 85–109.

21. Lloyd P.H. and Millar J.C.G. (1983). A question-
naire survey (1969–1974) of some of the larger
mammals of the Cape Province. Bontebok 3, 1–49.

22. Brooke R.K., Lloyd P.H. and de Villiers A.L. (1986).
Alien and translocated terrestrial vertebrates in
South Africa. In The Ecology and Management of
Biological Invasions in Southern Africa, eds I.A.W.
MacDonald, F.J. Kruger and A.A. Ferrar, pp. 63–74.
Oxford University Press, Cape Town.

23. Breytenbach G.J. (1986). Impacts of alien organ-
isms on terrestrial communities with emphasis on
communities of the south-western Cape. In The
Ecology and Management of Biological Invasions in
Southern Africa, eds I.A.W. MacDonald, F.J. Kruger
and A.A. Ferrar, pp. 229–238. Oxford University
Press, Cape Town.

24 Siegfried W.R. (1962). Introduced vertebrates in
the Cape Province. Cape Department of Nature
Conservation Annual Report 19, 80–87.

25. MacDonald I.A.W., Powrie F.J. and Siegfried W.R.
(1986). The differential invasion of southern
Africa’s biomes and ecosystems by alien plants
and animals. In The Ecology and Management of Bio-
logical Invasions in Southern Africa, eds I.A.W. Mac-
Donald, F.J. Kruger and A.A. Ferrar, pp. 209–225.
Oxford University Press, Cape Town.

26. Du Plessis S.F. (1969). The past and present geograph-
ical distribution of the Perrisodactyla and Artiodactyla
in Southern Africa. M.Sc. thesis, University of

Pretoria.
27. Skead C.J. (1980). Historical Mammal Incidence in the

Cape Province, Volume 1: The Western and Northern
Cape. Chief Directorate Nature and Environmen-
tal Conservation, Cape Town.

28. Skead C.J. (1987). Historical Mammal Incidence in the
Cape Province, Volume 2: The Eastern Half of the Cape
Province, Including the Ciskei, Transkei and East
Griqualand. Chief Directorate Nature and Envi-
ronmental Conservation, Cape Town.

29. Rookmaker L.C. (1989). The Zoological Exploration
of Southern Africa 1650–1790. A.A. Balkema, Rotter-
dam.

30. Skinner J.D. and Smithers R.H.N. (1990). The
Mammals of the Southern African Subregion. Univer-
sity of Pretoria, Pretoria.

31. Paradiso J.L. (1975). Mammals of the World (3rd
edn), vol. II. Johns Hopkins University Press,
Baltimore.

32. Koen J. (1996). Vestiging van wildspesies buite
hulle verspreidingsgebied in Suid-Afrika. SA Wild
& Jag April/June 30; 47.

33. Hodder K.H. and Bullock J.M. (1997). Trans-
locations of native species in the UK: implications
for biodiversity. J. appl. Ecol. 34, 547–565.

34. Howells O. and Edwards-Jones G. (1997). A feasi-
bility study of reintroducing wild boar Sus scrofa
to Scotland: are existing woodlands large enough
to support minimum viable populations. Biol.
Cons. 81, 77–89.

35. Kleiman D.G. (1989). Reintroduction of captive
mammals for conservation. Bioscience 39, 152–161.

36. Novellie P.A. and Knight M.H. (1994). Repatria-
tion and translocation of ungulates into South
African national parks: an assessment of past
attempts. Koedoe 37, 115–119.

37. Herbold B. and Moyle P.B. (1986). Introduced
species and vacant niches. Am. Nat. 128, 751–760.

38. Robinson T.J., Morris D.J. and Fairall N. (1991).
Interspecific hybridisation in the bovidae: sterility
of Alcelaphus buselaphus × Damaliscus dorcas F1
progeny. Biol. Cons. 58, 345–356.

39. Matthee C.A. and Robinson T.J. (1999). Mitochon-
drial DNA population structure of roan and sable
antelope: implications for the translocation and
conservation of the species. Molec. Ecol. 8, 227–238.

40. KwaZulu-Natal Nature Conservation Service
(2000). Black wildebeest and blue wildebeest
hybridization and conservation. KZNNCS Policy
Document, June 2000.

41. Horak I.G. (1980). The control of parasites in
antelope in small game reserves. J. S. Afr. Vet.

Assoc. 51, 17–19.
42. Lightfoot C.J. and Norval R.A.I. (1981). Tick prob-

lems in wildlife in Zimbabwe. 1. The effects of tick
parasitism on wild ungulates. S. Afr. J. Wildl. Res.
11, 41–45.

43. Probert B.L. and Litvaitis J.A. (1996). Behavioral
interactions between invading and endemic
lagomorphs: implications for conserving a declin-
ing species. Biol. Cons. 76, 289–295.

44. Ewel J.J., O’Dowd D.J., Bergelson J., Daehler C.C.,
D’Antonio C.M., Gómez L.D., Gordon, D.R.,
Hobbs, R.J., Holt, A., Hopper, K.R., Hughes, C.E.,
LaHart, M., Leakey R.R.B., Lee W.G., Loope L.L.,
Lorence D.H., Louda S.M., Lugo A.E., McEvoy
P.B., Richardson D.M. and Vitousek P.M. (1999).
Deliberate introductions of species: research
needs. Bioscience 49, 619–630.

45. Simberloff D. and Stiling P. (1996). Risks of species
introduced for biological control. Biol. Cons. 78,
185–192.

46. Diamond J.M. (1989). Nine hundred kiwis and a
dog. Nature 338, 544.

47. Green R.E. (1997). The influence of numbers
released on the outcome of attempts to introduce
exotic bird species to New Zealand. J. Anim. Ecol.
66, 25–35.

48. Callicott J.B. and Mumford K. (1997). Ecological
sustainability as a conservation concept. Cons.
Biol. 11, 32–40.

49. Shaffer M.L. (1981). Minimum population sizes
for species conservation. Bioscience 31, 131–134.

50. Hobbs N.T. (1996). Modification of ecosystems by
ungulates. J. Wildl. Mngmnt 60, 695–713.

51. Ralls K., Brugger K. and Ballou J. (1979). In-
breeding and juvenile mortality in small popula-
tions of ungulates. Science 206, 1101–1103.

52. Ballou J. and Ralls K. (1982). Inbreeding and juve-
nile mortality in small populations of ungulates: a
detailed analysis. Biol. Cons. 24, 239–272.

53. Hall-Martin A.J. and Knight M.H. (1994). Conser-
vation and management of black rhinoceros in
South African National Parks. In Proceedings of a
Symposium ‘Rhinos as Game Ranch Animals’, eds
B.L. Penzhorn and N.P.J. Kriek, pp. 11–19. South
African Veterinary Association, Onderstepoort.

54. Lomolino M.V. and Channell R. (1998). Range
collapse, re-introductions, and biogeographic
guidelines for conservation. Cons. Biol. 12,
481–484.

55. Kingdon J. (1997). The Kingdon Field Guide to
African Mammals. Academic Press, London.

348 South African Journal of Science 97, September/October 2001 Commentary

  


