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The increased rate of human-driven change is a major threat to biodiversity. Although there is sufficient evidence to 
suggest that species notably alter their ranges, facilitation of such movement for larger vertebrate species often places 
burdens on management agencies. Oribi antelope (Ourebia ourebi ourebi) in South Africa continue to experience 
dramatic decreases in range and numbers. Animals have and continue to be translocated for conservation, but also 
aesthetic and financial reasons. Initial translocations were done in the absence of any thought or understanding 
of genetic structure, while for the past two decades a conservative best-practice approach was adopted, but in the 
absence of any specific genetic information. Here, we use two mitochondrial and one nuclear fragment to report the 
phylogeographic structure in oribi antelope across South Africa. Our data indicate that the South African subspecies 
is distinct from other subspecies to the north, confirming that oribi in South Africa should be managed as a distinct 
conservation unit. Across the South African range, high genetic diversity is present with some evidence for genetic 
structure (phylogenetic trees and haplotype networks). However, there is no spatial component to the diversity 
(non-significant p-values in AMOVA analyses), possibly because of historic translocations. We evaluate translocation 
approaches currently in place, and make specific and general recommendations for future conservation management 
based on an improved understanding of population genetic diversity and genetic structure.  

Keywords: Bovidae, conservation management, phylogeography, spatial genetic structure, translocation

The continued existence of an increasing number of 
species is threatened, and their survival requires active 
management intervention. Arguably, one of the main threats 
to species survival is habitat destruction, resulting in the 
fragmentation of populations and subsequent decreases 
in local population sizes (Pimm et al. 2014). To this end, 
translocations must play an increasing role in conserva-
tion management (Griffith et al. 1989; Baker et al. 2011; 
Nussear et al. 2012). Unfortunately, terminology used to 
describe different kinds of translocations are confusing, 
leading to attempts to clarify and unify terms so as not to 
negatively affect efforts (see e.g. Seddon 2010; Payne 
and Bro-Jørgensen 2016). On a practical level, the 
International Union for Conservation of Nature (IUCN) 
provides clear guidelines for translocations, which clearly 
state that these must yield some measurable conserva-
tion benefits. Feasibility studies should therefore weigh 
conservation benefits against the possible risks associated 
with translocation efforts (IUCN SSC 2013). Translocations 
are undertaken for various reasons (e.g. for ecological 
restoration, aesthetic/economic linked to tourism, or 
genetic management; Weeks et al. 2011; Payne and 
Bro-Jørgensen 2016 and references therein). A thorough 
understanding of the objectives of translocations is essential 

as the success of the programme is measured against them 
(see e.g. Griffith et al. 1989; Dodd and Seigel 1991; Ewen 
et al. 2014).

The increased drive to provide scientific guidelines and, 
perhaps more importantly, scientific data for translocations 
is a step forward in conservation management and greatly 
reduces the risks and improves the success of such actions 
(Weeks et al. 2011). However, the reality is that quantitative 
information on spatial genetic patterns is not available for a 
large number of species that require translocations as part 
of conservation interventions or where species are traded 
or otherwise introduced back into the wild. To this end, 
management actions (including translocations) frequently 
take place in the absence of concrete scientific evidence 
and are often based on previous best-practice approaches 
or anticipated scientific results (see e.g. Alpers et al. 2004; 
Grobler et al. 2005), often with detrimental results for 
species including hybridisation with closely related sister 
taxa (see e.g. van Wyk et al. 2017). There may also be 
conflict between the desired outcomes of the conservation 
of long-term genetic pattern and evolutionary processes, 
short-term pragmatic conservation decision-making, and 
economic imperatives related to trade and utilisation (see 
Weeks et al. 2011; Redpath et al. 2013 and references 
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therein for some discussion on conservation conflict). For 
example, to what extent should we focus on conserving 
existing genetic diversity in species/subspecies brought 
about by long-term historical processes versus conserving 
current and ongoing adaptive diversity or the potential 
for different evolutionary trajectories within a species. In 
theory it makes sense to conserve small- or regional-scale 
genetic differences; however, the need to act immediately 
is often large enough to make management decisions in 
the absence of scientific lines of evidence (see Frankham 
et al. 2011). Here we discuss some of these important and 
relevant considerations in conservation management using 
a small antelope species as a model. 

The oribi Ourebia ourebi (Zimmerman, 1783) is a 
small, territorial antelope belonging to the family Bovidae 
(Bronner et al. 2004). The species occurs throughout 
sub-Saharan Africa (Figure 1) where it typically inhabits 
open temperate grasslands (Skinner and Chimimba 2005). 
Thirteen subspecies are currently recognised (Ansell 
1972), although several of these may not be valid whilst 
others (such as O. o. kenyae) are considered extinct (IUCN 
SSC Antelop Specialist Group 2016). Within southern 
Africa, a single subspecies, O. o. ourebi, is recognised. 
Its distribution is highly fragmented in the Gauteng, 
Mpumalanga, KwaZulu-Natal and Eastern Cape provinces 
of South Africa, whilst the species is virtually extinct in 
Lesotho and Swaziland. The majority of remaining animals 
occur in KwaZulu-Natal.

Oribi were once numerous in suitable habitat across 
its range; however, populations were naturally isolated at 
continental and local scales as suitable habitat became 
fragmented (Shackleton and Walker 1985; Skinner and 
Chimimba 2005; Averbeck et al. 2012; Lorenzen et 
al. 2012). This highly fragmented distribution possibly 
gave rise to the description of 13 subspecies based 
on morphological and ecological criteria (Ansell 1972). 
Today, remaining oribi within the original natural range 
of the species are constrained to small, isolated popula-
tions because of various anthropogenic factors, principally 
poaching, habitat destruction, habitat change and 
inappropriate management (Skinner and Chimimba 2005; 
Coverdale et al. 2006; Grey-Ross et al. 2010; Shrader et 
al. 2016). The remaining habitat is under threat from a 
number of anthropogenic pressures, including expansion 
of agriculture, forestry and human settlements (Jewitt et al. 
2015). Consequently, oribi now counts amongst the most 
threatened antelope species in South Africa and is listed as 
Endangered (Shrader et al. 2016).  

Within South Africa, protected areas provide only 
limited suitable habitat and therefore private landowners 
play a major role in the conservation of oribi. Given that 
wildlife can be owned and traded in South Africa, oribi 
have been introduced or re-introduced onto many private 
properties. Whilst some of these introductions have not 
been successful (Marchant et al. 2005; Grey-Ross et 
al. 2009a), others established successfully (Grey-Ross 
et al. 2009b). There were also several translocation 
attempts of oribi from private land to conservation areas 
(e.g. Kruger National Park, Golden Gate Highlands 
National Park and Suikerbosrand Nature Reserve), with 
different degrees of success. 

Oribi numbers have steadily been declining since at 
least the late 1970s and early 1980s. A survey conducted 
by conservation authorities in the early 1980s suggested 
that oribi had disappeared from more than 20% of private 
land in the KwaZulu-Natal province where it previously 
occurred (Howard and Marchant 1984). A follow-up survey 
carried out in the late 1990s indicated a further notable 
decrease in occurrence, with populations on 25% of 
properties where they occurred in the mid-1980s having 
gone extinct and with approximately 60% of the remaining 
oribi populations comprising less than five individuals 
(Marchant 2000). Within South Africa as a whole, the 
population is estimated to have declined by ~13% over 
three generations (1996–2014) using data from a sample 
of protected areas (n = 14) across its range (Shrader et al. 
2016). Corroborating this, survey data from private lands 
(n = 74) in KwaZulu-Natal found that between 1999 and 
2013, oribi populations on 46% of properties are declining 
(Patel 2015). Thus, there is a clear continuing decline in 
the number of oribi antelope within the assessment region.

It became clear that if oribi was to survive, intensive 
and immediate management was required. In an attempt 
to ensure the long-term survival of this antelope in South 
Africa, a conservation strategy for the species was 
developed and actively implemented (Coverdale et al. 
2006). One of the recommended interventions in this 
strategy was translocations of populations that are under 
threat from poaching and/or habitat destruction to other 
suitable areas. It was acknowledged a priori, based on 
existing knowledge of its fragmented natural range and 
habitat specificity, that distinct genetic lineages might be 
present within oribi. Therefore, a precautionary approach to 
translocations was adopted. Specifically, (1) the import of 
oribi from outside South Africa was not supported, (2) the 
Tugela River Valley in KwaZulu-Natal was considered 
a significant natural barrier to gene flow, and (3) the 
coastal population of oribi in the Eastern Cape province 
was considered isolated from the remainder of the South 
African populations (refer to Figure 1 for geographic detail). 
In addition, in the absence of any genetic data, but with 
an understanding of the territorial behaviour and habitat 
specificity of oribi, movement of animals further than 100 km 
was discouraged. Specific conservation targets, linked to a 
fairly limited understanding of spatial genetic patterns, gene 
flow and population size, were developed. For KwaZulu-
Natal, the target is to maintain an overall population size 
of at least 3 000 individuals with as many populations as 
possible comprising at least 100 individuals (Marchant 
et al. 2005). A population habitat viability analysis using 
VORTEX (Lacy 2000) was used to refine conservation 
targets and objectives (Coverdale et al. 2006). A subset of 
these targets were also incorporated into the KwaZulu-Natal 
provincial conservation plan (Goodman 2002). However, 
implementation of these conservative guidelines through 
provincial permit controls has been challenged (by both 
private landowners and conservationists) as they limit some 
conservation interventions as well as having economic 
impacts on the trade in the species.

The aim of the study was therefore to assess the genetic 
diversity present in O. o. ourebi from across their South 
African range, and whether this diversity might be spatially 
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Figure 1: Distribution of oribi antelope (Ourebia ourebi) across Africa (inset). The sampling sites for O. o ourebi across South Africa are 
indicated. Sampling locality letters and colours correspond to those in Figure 2. The number of individuals per locality is given in parentheses 
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structured. Accordingly, we assess whether the current 
genetic management guidelines are appropriate, and make 
recommendations for the future conservation, including 
genetic management, of oribi.   

Materials and methods

Sample collection and DNA sequence acquisition
Ourebia o. ourebi specimens (n = 85) were collected 
from across their South African range (Figure 1). Ourebia 
o. hastata (collected from Zimbabwe) and the sister species 
Raphicerus campestris (steenbuck) (GenBank accession 
number JN632693; Hassanin et al. 2012) were included 
as outgroup sequences (this is a complete mitogenome 
sequence, but only the relevant sections were included in 
our analyses). DNA extractions, PCR amplifications and 
sequencing followed protocols outlined in Smit et al. (2008). 
In short, one nuclear and two mitochondrial DNA regions 
were targeted. These were the 5′ side of the variable 
control region using the primer combination L15910 and 
H16498 as well as the 5′ side of the cytochrome b gene 
using the primer combination L14724 and H15494. For 
the nuclear marker, we targeted the β-fibrinogen intron 7 
(β-Fibint 7) using the primer combination BFIBR1 and 
BFIBR2. Sequence reads were verified by eye and aligned 
with CLUSTALW as implemented in GENEIOUS R7 
(Biomatters, Auckland, New Zealand). Unique haplotypes 
were identified using TCS 1.21 (Clement et al. 2000). 
Uncorrected pairwise sequence distances were calculated 
between O. o. ourebi haplotypes as well as between the 
ingroup and the two reference sequences (O. o. hastata 
and R. campestris) using PAUP* (Swofford 2001).

Phylogenetic analysis
Evolutionary relationships between haplotypes were 
inferred based on a concatenated data set of the two 
mitochondrial regions; the nuclear β-Fibint 7 displayed no 
synapomorphic sites for the southern African O. o. ourebi 
individuals (but was informative in separating O. o. ourebi 
from other subspecies) and we therefore excluded this 
fragment from further population analyses (see Results for 
more details). The appropriate model of nucleotide substi-
tution and partition scheme for phylogenetic analysis 
was determined using the corrected Akaike informa-
tion criterion (AIC) in PARTITIONFINDER (Lanfear et al. 
2012). Phylogenetic analyses to assess broad-scale spatial 
genetic patterns, and whether haplotypes are partitioned 
into spatially structured groups, were performed using 
maximum likelihood and Bayesian inference reconstruc-
tion methods implemented in RAXML (Stamatakis et al. 
2008) and MRBAYES 3.1.2 (Ronquist and Huelsenbeck 
2003), respectively. Nodal support for maximum likeli-
hood analyses were obtained through 1 000 bootstrap 
replicates. Bayesian topologies were inferred using two 
independent runs comprising one cold and three heated 
chains for 25 million generations. Trees were sampled 
every 1 000 generations; the first 25% were discarded after 
checking for convergence and appropriate ESS values 
in TRACER (http://beast.bio.ed.ac.uk/Tracer). Posterior 
probabilities were calculated from the remaining topologies 
to assess nodal support. 

Genetic diversity and population structure
Species or populations experiencing notable size 
reductions are often characterised by low levels of diversity. 
To assess the genetic health in O. o. ourebi, standard 
measures of genetic diversity (haplotype [h] and nucleo-
tide [π] diversities) were calculated using ARLEQUIN 3* 
(Excoffier et al. 2005). Assessing temporal changes in the 
effective population size was inferred from an extended 
Bayesian skyline plot implemented in BEAST 1.8.1, which 
uses coalescent theory to estimate posterior probabilities 
of effective population size over time using multiple 
unlinked loci (Heled and Drummond 2008). Changes in 
population size were estimated under the ‘coalescent: 
extended Bayesian skyline plot’, a linear model of popula-
tion size changes and a strict clock with an evolutionary 
rate of 0.005427 substitutions site−1 My−1 as estimated for 
the Ourebia lineage by Hassanin and co-workers (2012: 
see their Appendix 8). Runs comprised 25 million genera-
tions with sampling every 1 000 generations; the first 25% 
were discarded as burn-in. The construction of the XML file 
followed the recommendations of Heled and Drummond 
(2010) and the skyline plots were constructed in a spread-
sheet program. 

The concatenated mitochondrial data set had no missing 
information, thereby avoiding possible negative effects on 
haplotype reconstruction (see Joly et al. 2007). A haplotype 
network based on the combined mitochondrial dataset was 
constructed in NETWORK 4.6.1.2 (Bandelt et al. 1999). 
To assess whether spatial structure underlies genetic data, 
SAMOVA (Dupanloup et al. 2002) was used. This method 
provides an objective way to identify spatially differentiated 
groups allowing for the identification of (possible) barriers 
to gene flow. We used this spatial analysis, in addition to 
a standard AMOVA approach, to test two hypotheses. 
First, we tested whether K might be 2, corresponding to a 
separation across the Tugela River. Secondly, we assessed 
higher values for K (possible values for K include 2, 3, 4 
or 5 depending on how conservative one interprets the 
phylogenetic tree), inferring the number of spatial groups 
from the phylogenetic clustering (see Results for detail).

Results 

The three fragments (mitochondrial control and 
cytochrome b, and nuclear β-Fibint 7 fragment) amplified 
for the South African oribi specimens were characterised 
by differing levels of polymorphism. For the control region, 
a 507 bp fragment (no indels had to be introduced in the 
alignment for the ingroup) sequenced for 85 individuals 
collapsed into 45 haplotypes (h = 0.966; π = 0.0355). For 
the cytochrome b gene, we sequenced 610 bp for 82 
individuals, which collapsed into 16 haplotypes (h = 0.797; 
π = 0.0073). The combined mitochondrial data, which 
included 1 117 bp for 82 individuals, indicated high 
haplotype diversity (52 haplotypes; h = 0.975; π = 0.019) for 
South African oribi. The 704 bp fragment of the β-Fibint 7 
marker, sequenced for 61 individuals representing 
the entire sampling range, was invariable amongst 
O. o. ourebi, whereas the average divergence between 
the South African oribi subspecies and the steenbuck was 
8.9%. The average uncorrected sequence divergence 
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separating the two genera, the two subspecies as well 
as within South African oribi is given in Table 1. The two 
oribi subspecies were separated by an unexpectedly high 
sequence divergence (similar to values seen between oribi 
and steenbuck) (for comparisons of sequence divergences 
separating mammal species, see Johns and Avise 1998). 

The different phylogenetic reconstructions retrieved 
very similar topologies; this was true when considering 
the control region and cytochrome b phylogenies singly 
or combined as well as the Bayesian and maximum likeli-
hood topologies. The control region analyses provided 

Table 1: Sequence divergence values (p-distances) calculated 
within Ourebia ourebi ourebi as well as between oribi subspecies 
(O. o. ourebi and O. o. hastata) and to the steenbuck (Raphicerus 
campestris). Cytochrome b values are based on a 610 bp fragment, 
and values for the control region are based on a 507 bp fragment 

Taxon O. o. ourebi R. campestris DNA fragment
O. o. ourebi 0.8% (±0.1%) 12.91% (±0.10%) Cytochrome b

3.17% (±1.71%) 20.2% (±0.5%) Control region 
O. o. hastata 13.6% (±0.27%) 12.3% (±0.00%) Cytochrome b
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slightly more resolution, but the individual grouping into 
main clusters remained unchanged (data not shown). For 
ease of representation, we present only those topologies 
retrieved from the combined analyses (see Figure 2a). A 
close examination of the phylogenetic topologies indicated 
several distinct clusters across the phylogenetic tree. 
Although not well supported, four or five main lineages 
(depending on how lineages are defined) can be seen 
based on the combined dataset (see Figure 2a). These 
results are mirrored by the haplotype network (Figure 2b) 
where there are distinct clusters or singletons separated 
by large numbers of mutational steps. The majority of 
the haplotypes are singletons (80%), i.e. haplotypes 
represented by single individuals. As also suggested by the 
phylogenetic trees, four or five main groups can be seen 
in the network, but with no clear evidence of geographic 
structure. For example, animals from Port Alfred, a locality 
situated in the Eastern Cape province, some 500 km south-
west from the nearest locality in KwaZulu-Natal, have 
membership in several groups. This holds true for most of 
the localities from where we have more than one individual. 
Indeed, most of the clades/groups includes animals from 
several different localities (south and north of the Tugela 
River). The only exception is Chelmsford Nature Reserve, 
an oribi stronghold (a large number of individuals, and a 
stable population size over time), where no translocations 
have ever taken place into the reserve. Four haplotypes 
characterise the 17 individuals included from Chelmsford, 
separated by less than 1% sequence divergence. The 
SAMOVA analysis revealed some evidence for a genetic 
separation across the Tugela River (φCT 2 groups north and south of 

Tugela River = 0.27; p = 0.039), but this was driven largely by 
the Chelmsford Nature Reserve animals. Indeed, the 
spatial analyses of molecular variance consistently grouped 
the Chelmsford Nature Reserve antelope separate from 
the remainder of the animals, irrespective of the number of 
groups specified (SAMOVA analyses with up to five groups 
specified, with or without a spatial component enforced). 
When the 17 animals from Chelmsford were removed 

from the analyses, φCT 2 groups north and south of Tugela River becomes 
negligibly small and non-significant (p = 0.87).

The extended Bayesian skyline plot indicates effective 
population size changes over time, although the confidence 
intervals are typically large (Figure 3a). A notable increase in 
population size was evident from about 175 ky ago followed 
by a rapid decrease starting at about 5 ky ago. Recent 
times (Figure 3b) are characterised by fluctuations, showing 
increases in population size at about 800 and 200 years ago.

Discussion

Responsible conservation management must allow for 
the protection of historical differences among lineages as 
well as current adaptive differences that may be present 
across the range of species. Put differently, conserva-
tion must focus on the smallest and most appropriate unit 
that can realistically and cost-effectively be protected. 
In addition, it is crucial that management plans be tailor-
made for specific taxa, and one cannot simply extend 
plans developed for one species to another. In the case 
of the oribi, our results (high genetic diversity, absence of 
geographical structure, and distinct from other subspecies) 
suggest that oribi across South Africa should be the unit 
of conservation. Below we discuss our findings and make 
some recommendations for ongoing management. Our 
results are based on two mitochondrial DNA fragments, 
as the nuclear fragment was largely invariable for South 
African oribi. Mitochondria are transmitted through female 
lineages and capture the evolutionary history, including 
spatial genetic structure, of lineages. It does not provide 
any indication of ongoing migration or admixture. 

Taxonomic status of Ourebia o. ourebi
Accurate taxonomy is the cornerstone of optimal conser-
vation management. A first step in setting conservation 
plans must therefore be confirming the taxonomic (or 
evolutionary) status of the group under discussion. Based 
on our genetic results, it is clear that the southern African 

EF
FE

C
TI

VE
 P

O
PU

LA
TI

O
N

 S
IZ

E 
(N

e)

1

1.5

2

0.5 1

TIME (MY)

1.26

1.27

1.28

1.29

1.3

1.31

1.32

0.2 0.4 0.6 0.8

1.308

1.310

1.312

1.314

1.316

1.318

1.320

1.322

0.002 0.004 0.006 0.008

(a) (b)

Figure 3: Changes in effective population size (Ne) in South African oribi over time obtained from an extended Bayesian skyline plot. 
Analyses are based on the concatenated mitochondrial DNA fragments (cytochrome b and the control region). The 95% highest posterior 
density limits of the effective population size are shown in the inset. Historical changes are indicated in (a), whereas more recent changes 
are shown in (b)

D
ow

nl
oa

de
d 

by
 [

19
6.

37
.1

07
.2

43
] 

at
 0

2:
09

 1
8 

D
ec

em
be

r 
20

17
 



African Zoology 2017, 52(4): 189–197 195

oribi subspecies constitutes a distinct genetic lineage 
with its own unique evolutionary trajectory. This is evident 
from the high sequence divergence separating Ourebia 
o. ourebi from O. o. hastata (about 13% for cytochrome b), 
which is similar to that seen between oribi and steenbuck 
(about 12% for cytochrome b) (see also Johns and Avise 
1998). By comparison, the highest sequence divergence 
within O. o. ourebi is less than 2% (for the cytochrome b 
gene fragment). Although these findings, when taken 
with the IUCN assessment across Africa (IUCN 2016), 
might suggest that a taxonomic assessment of the genus 
is required, we can confidently focus our attention on 
O. o. ourebi as a single taxonomic unit (be that at species 
or subspecies level). This is therefore the appropriate unit 
for conservation management, and can confidently be 
referred to as an Evolutionary Significant Unit.

Genetic diversity and spatial aspects
High levels of genetic diversity, notably haplotype 
diversity, characterise oribi across South Africa. This is 
also true for antelope and other species distributed across 
southern Africa (see e.g. Alpers et al. 2004; Grobler et al. 
2005; Moodley and Bruford 2007; Jansen van Vuuren et 
al. 2010; Ntie et al. 2010; Schwab et al. 2012; Smitz et 
al. 2013), with the high diversity driven perhaps by the 
heterogeneous landscape and variable climate across 
the (sub)continent. Irrespective of the drivers, high 
genetic diversity in oribi is very good from a conserva-
tion perspective as it suggests high levels of evolutionary 
potential, which in turn will allow for adaptations to a 
changing environment. 

There is, however, no evidence for geographical 
structure underlying the observed genetic diversity. 
Whether there may once have been a correlation between 
genetic and spatial structure is difficult to gauge, but this 
may indeed have been the case as geographic isolation is 
a strong driver of genetic diversity and structure. Evidence 
for historical spatial unity comes from the close clustering 
of the Chelmsford Nature Reserve antelope, where 
no translocations of animals has taken place into the 
protected area. Notwithstanding, in light of many known 
translocations of oribi across their range, it is possible 
that these translocations, undertaken for both conserva-
tion and aesthetic/economic reasons (private landowners 
translocated oribi through changes in ownership), may 
have eroded the spatial component. Evidence for this 
comes from Chelmsford haplotypes that are found in 
geographically distant localities across South Africa, 
including as far as the most southern locality of Port 
Alfred, suggesting that human-mediated translocations 
might have caused the panmixia seen today. However, 
we cannot conclusively rule out that historic population 
contractions and expansions (perhaps linked to climate 
and associated vegetation changes) may have facilitated 
longer-distance gene flow. 

Management recommendations
The Oribi Working Group has carefully provided guidelines 
and permit recommendations to manage the movement of 
animals since its inception in 2000. In the absence of genetic 
data, several ‘precautionary principles’ (see Marchant et al. 

2005) were adopted. Below we evaluate these principles in 
light of our results, and make some recommendations for 
future conservation management efforts.

The first recommendation from the Oribi Working Group 
was that oribi importation from outside South Africa should 
not be allowed. Our genetic data clearly support the unique-
ness of O. o. ourebi, currently a subspecies, but possibly 
distinct enough to warrant species status. As such, this 
principle should be enforced and monitored. We detected 
no evidence of previous translocations of animals into South 
Africa, perhaps because oribi is not commercially as highly 
priced as other species such as sable antelope (Hippotragus 
niger) or buffalo (Syncerus caffer).  

The second recommendation was that oribi should not 
be translocated from, or to, the coastal population of the 
Eastern Cape as this was considered a separate population 
given its geographic isolation (see Figure 1 inset). Based 
on our results, there is no support for the genetic isolation 
of oribi populations in the Eastern Cape province. Given 
the discontinuous distribution, it is possible that Eastern 
Cape populations may once have been isolated, but this 
is no longer the case. Haplotypes characterising animals 
from the locality of Port Alfred is present throughout the 
phylogenetic topology and network. There is therefore no 
reason why oribi cannot be translocated to the Eastern 
Cape (but see the fourth recommendation below).

The third recommendation was that oribi should not 
be translocated across the Tugela River, which was 
considered a possible geographic barrier. Here again, our 
data do not support the Tugela River as a current barrier for 
oribi. It is possible and indeed likely that this river may once 
have shaped gene flow patterns, but our spatial analyses 
of molecular variance indicated a panmictic structure 
across the river.

The fourth recommendation was no translocations 
between populations that are more than 100 km apart. 
Although our genetic data show little to no geographic 
structure spatial scales far exceeding 100 km, there is 
evidence that oribi may once have been geographically 
structured (e.g. the Chelmsford Nature Reserve). In 
addition, animals readily adapt to their immediate environ-
ment, and this can happen relatively rapidly in the presence 
of strong selection. On the other hand, and although 
oribi tend to form monogamous bonds, they can exhibit 
polyandry or polygynous mating systems depending on the 
population density (Kingdon et al. 2013), and hence larger 
populations are more likely to survive longer term than 
smaller populations. A precautionary approach would be to 
allow the translocation of animals to create viable popula-
tions with large enough population sizes, but that these 
translocations should be to geographically close rather than 
distant populations. 

Although the high genetic diversity in South African oribi 
antelope is a welcome conservation finding, it is clear that 
ongoing management is required to ensure the long-term 
survival of this small antelope species. It is clear that oribi 
numbers are dwindling overall, and that an increasing 
number of populations are becoming at risk of extinction. 
Anthropogenic pressures, including poaching and destruc-
tion of suitable habitat, is increasing the number of small 
and non-viable populations. Going forward, the objective 
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must be to form viable populations with sufficient number 
of individuals to ensure long-term survival. Conservation 
action should focus on establishing larger populations 
on protected land, and simultaneously manage smaller 
populations in a metapopulations framework. Irrespective, 
the exchange of a small number of individuals between 
populations would maintain genetic diversity and counteract 
any possible inbreeding in smaller populations (see Karsten 
et al. 2011). Even if no immediate sign of inbreeding or low 
fitness is apparent for oribi, the absence of natural connec-
tivity between populations justifies translocations to secure 
long-term survival. 

Translocations of oribi, if this is accepted as the best way 
forward, must be done taking several lines of evidence 
into account. Specifically, ecological requirements (do 
not move animals to marginal habitat), epidemiology, 
biology and behaviour of animals (taking into account the 
breeding structure etc.) as well as genetic data (which we 
provide here) must be considered. In addition, best practice 
dictates that animals not be moved across large geographic 
distances if closer populations are available (see e.g. IUCN 
SSC 2013; Houde et al. 2015). By doing this, adaptive 
complexes are maintained (i.e. animals adapt to local 
environments, and it is better to do translocations within 
predetermined radiuses) (Edmands and Timmerman 2003). 
Lastly, our findings are based on mitochondrial data alone 
(the nuclear gene included was invariable) and it would be 
important to confirm our results using nuclear markers (such 
as microsatellites or single nucleotide polymorphisms). 
The latter nuclear markers would provide indications of 
admixture in populations and possibly local adaptations.
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