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10. Are mountain and plains zebra hybridising in 
north-west Namibia?

ǂKibagu Heinrich Kenneth |Uiseb

Abstract

This chapter focuses on interactions between two animal species critical to the ecosystems of “Etosha-
﻿Kunene”, namely ﻿mountain zebra (Equus zebra, specifically the subspecies E. z. hartmannae) and ﻿plains 
zebra (E. quagga, specifically the subspecies E. q. burchellii). Large herbivore species are increasingly 
restricted to fenced protected areas with artificial waterpoints, a situation that limits their opportunities 
for dispersal and access to natural water sources. This restricted movement may lead to ﻿genetic 
consequences including disruption of ﻿gene flow, inflation of “inbreeding”, and the loss of rare alleles 
supporting local adaptation and ﻿genetic fitness. In Namibia’s large protected area of ﻿Etosha National 
Park, ﻿mountain zebra are restricted to the dolomite ridges in the far western section of the park, while 
﻿plains zebra occur throughout the park. Historically, the overlap in range of the two zebra species was 
limited, as ﻿plains zebra confined their movements to the southern and eastern edges of the ﻿Etosha Pan 
during the dry season, and to the open plains west of the Pan during the rainy season. Due to fencing and 
new waterpoint creation, the current overlap of these two previously geographically separated species 
creates a potential conservation problem in the form of ﻿hybridisation between the two species. This 
chapter reviews what is known about the ﻿hybridisation of these two species, and considers implications 
for conservation and for future research.

10.1 Introduction
This chapter reports on an ongoing study aiming to assess and understand the mechanisms 
and extent of ﻿hybridisation in naturally occurring populations of ﻿mountain zebra (Equus zebra 
hartmannae) and ﻿plains zebra (Equus quagga burchellii). Drawing on integrated ﻿genetics and 
ecological approaches, its focus is ﻿Etosha National Park (﻿ENP) and connected landscapes to its west. 
In this context, ﻿hybridisation may arise when these two populations of individuals taxonomically 
distinguished based on one or more heritable characters may overlap in space and temporarily 
cross to form viable, and at least partially fertile offspring.1 Concerns may arise in this situation in 
connection with a wider context of the rapid loss of ﻿biodiversity globally in part due to anthropogenic 
changes to the natural environment.2 

The impacts of human activities are observed at all levels of ﻿biodiversity, from the modification 
of ecosystems to the extinction of species and the loss of ﻿genetic diversity. Human alteration of the 
physical landscape and species distribution can additionally affect gene flow and introgression3 
by influencing the degree of contact between groups of individuals.4 Large herbivore species are 
increasingly restricted to fenced protected areas, a situation that limits their opportunities for 
dispersal and their access to natural water sources.5 This restricted movement may lead to genetic 

1� Eckenwalder (1998)
2� Vitousek et al. (1997)
3� The transfer of ﻿genetic information from one species to another as a result of ﻿hybridisation between them and 

repeated backcrossing.
4� Crispo et al. (2011)
5� Shannon et al. (2009)
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272� Etosha Pan to the Skeleton Coast

consequences, including disruption of ﻿gene flow, inflation of inbreeding, and loss of rare alleles 
supporting local adaptation and ﻿genetic fitness.6 

Many protected areas located in Africa use artificial water points to provide water for wildlife in 
the dry season.7 Availability of vital resources such as water may alter wildlife distribution as some 
herbivores no longer need to migrate and become localised. This localisation may cause a rapid 
population increase of water-dependent species such as zebra, increasing competition with more 
vulnerable low-density species,8 as well as interspecies interaction.9 

10.1.1 Study area

﻿Etosha National Park is a wildlife reserve located in northern Namibia between 18’80’ S-19’23 S 
and 15’70 E-16’5 E, with an average elevation of 1050 m10 (see Figure 10.1). The area that is now 
﻿ENP was once part of the large connected landscape of about 80,000 km2 named ﻿Game Reserve 
No. 2 at the time of its proclamation under the German colonial regime in 1907 (for details see 
Chapter 1). In 1947, the north-western part of ﻿Game Reserve No. 2 became simultaneously a “﻿native 
reserve” area home to ﻿otjiHerero-speaking peoples (see Chapters 2, 6 and 7), with ﻿Khoekhoegowab-
speaking peoples also present throughout southern ﻿Kunene to north of ﻿Puros and towards the coast 
(see Chapters 1, 12 and 13).11 In 1970 the size and boundaries of ENP as it currently exists were 
established, its extent now encompassing 22,000 km2 (for details see Chapter 2).12  

Fig. 10.1 Map showing the major vegetation communities characterising ﻿Etosha National Park (signalled by the inner 
black boundary) in connection with the ﻿Greater Etosha Landscape, together with the distribution of boreholes and 
natural springs. Saline pans are shown in white. Source: © Turner et al. (2022: Figure 2), reproduced with permission, 

CC BY-NC-ND 4.0.

Almost all ﻿ENP may be described as an arid to semi-arid savanna with 250-500 mm average annual 
rainfall and a highly variable and erratic rainfall pattern.13 The vegetation is classified as arid 
savanna including open grasslands and groves of woody species.14 Much of the park is covered by 

6� Dalui et al. (2020)
7� Geenen (2019)
8� Harrington et al. (1999)
9� Gosling (2014)
10� Zidon et al. (2017)
11� Sullivan (1999), Sullivan & Ganuses (2020, 2021, 2022)
12� Berry (1997)
13� Plessis (1997)
14� Zidon et al. (2017)
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﻿mopane (Colophospermum ﻿mopane) shrubveld and treeveld, alongside large salt pans with open 
grasslands along the pans. Seven basic vegetation types are described: bare ground, grassland, 
steppe, grass savanna, shrub savanna, low tree savanna and high tree savanna.15 These seven 
vegetation types are further grouped into the following basic ﻿habitat types: bare areas (salt pans), 
open plains (grassland, grass savanna and steppe), shrublands (shrub savanna) and woodlands 
(high tree and low tree savanna) (Figure 10.1). Common grass species are ﻿Cynodon dactylon, 
﻿Eragrostis micrantha, ﻿E. rotifer, ﻿Diplachne fusca and ﻿Chloris virgata. Mopane is the dominant tree 
species.16 Etosha National Park has three characteristic seasons: the wet (rainy) season (January-
April), the cool-dry season (May-August) and the hot-semi-dry season (September-December). 
The mean monthly temperatures range from 25°C to 6°C minimum in June and July, to highs of 
34-35°C in October-December, and lows of around 18°C in November-February.17 Etosha National 
Park supports a high density of ﻿mammal populations with many herbivores of which zebra and 
﻿springbok (Antidorcas marsupialis) are the most abundant plains ungulates.18 African wild dog 
(Lycaon pictus) and ﻿Cape buffalo (Syncerus caffer caffer) were known historically in the park area 
but no longer occur here.19 

In ﻿ENP, perennial water is found only in fountains and drinking troughs supplied by boreholes. 
Rivers and water-courses are dependent upon rainfall and as such are not important sources of water 
for wildlife during the dry season.20 Park boundary fences covering over 850 km were erected in 
the 1970s,21 blocking wildlife dispersal beyond the park’s boundary, thereby preventing migrations 
to external water sources in the dry season (see Chapter 2). A consequence of this situation is that 
several artificial waterholes were established from the 1950s onwards to improve the wildlife 
viewing experience for tourists and provide water for wildlife within the park.22 Some waterpoints, 
especially those on the 19th latitude (corresponding roughly with the southern boundary of ﻿Etosha 
Pan), were established to attract elephants (Loxodonta africana) back into the park as a measure to 
reduce ﻿human-﻿elephant ﻿conflict in commercial ﻿farms close to the protected area (see Chapter 11). 
There are now over 100 perennial watering points in the Park, including artesian springs, contact 
seeps and 55 boreholes23 (see Figure 10.1). On the broader implications of changing the hydrology 
of landscapes in north-west Namibia through the drilling of boreholes also see Chapter 7. 

10.1.2 The study species

The large protected area of ﻿ENP in north-central Namibia is home to two zebra species, ﻿Hartmann’s 
﻿mountain zebra (E. z. hartmannae) and ﻿Burchell’s ﻿plains zebra (E. q. burchellii). Mountain zebra 
are restricted to the dolomite ridges in the far western section of the park while ﻿plains zebra occur 
throughout the park. In this section, I outline the taxonomic relationships between these two zebra 
species concerning equids in Africa and beyond. 

There are seven species of wild equids of which four occur in Africa and three in Asia.24 All equid 
species are similar in size and body shape, have a polygynous mating strategy, inhabit open grass 
or shrub-dominated habitats, and are predominantly grazers.25 Equids are highly efficient hind-gut 
fermenters, adapted to compensate for low-quality food by consuming large quantities.26 African 
wild ass (﻿Equus africanus), ﻿Grevy’s zebra (Equus grevyi), ﻿mountain zebra (E. z. hartmannae and E. 

15� Huang et al. (2021)
16� Roux et al. (1988)
17� Turner & Getz (2010)
18� Turnbull et al. (1998)
19� Wassermann et al. (2015)
20� du Preez & Grobler (1977)
21� Ibid.
22� Turner & Getz (2010: 3), Wassermann et al. (2015)
23� Hoffman (1989)
24� Moehlman (2002)
25� Rubenstein (1989), Bauer et al. (1994), Moehlman (2002)
26� Janis (1976)
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z. zebra) and ﻿plains zebra (Equus quagga) are the four equids occurring in Africa. Mountain zebra 
and ﻿plains zebra are the focal species for this study. 

Plains zebra range from southern Sudan and southern ﻿Ethiopia, east of the Nile River, to ﻿southern 
﻿Angola, northern Namibia and northern South Africa.27 Six morphologically defined subspecies of plains 
zebra are recognised based on morphological and genetic cline from north to south across its range.28 
The total population of ﻿plains zebra across its range is estimated at over 500,000 animals. However, a 
reduction in numbers of 24% has been observed since the last assessment in 2002, and ﻿plains zebra is 
now listed by the International Union for Conservation of Nature (IUCN) as Near Threatened.29 

Historically, ﻿mountain zebra occurred from the southern parts of South Africa through Namibia 
and into ﻿south-western ﻿Angola. Two subspecies of ﻿mountain zebra are recognised: Cape ﻿mountain 
zebra were widely distributed along the mountain ranges forming the southern and western edge of 
the central plateau of Eastern Cape and Western Cape provinces of South Africa, from the Amatola 
Mountains in the Cathcart District westward and northward to the ﻿Kamiesberg in ﻿Northern Cape; 
﻿Hartmann’s ﻿mountain zebra––named after Georg Hartmann, the surveyor for the German colony 
discussed in Chapters 1 and 12––occurs in the mountainous transition zone between the ﻿Namib 
Desert and the central plateau in Namibia, with a marginal extension into south-western Angola.30 
Although the ﻿Hartmann’s ﻿mountain zebra population has increased overall in recent years, the 
subspecies remain at threat from droughts that may lead to mortalities across their range. A high 
proportion (>50%) of ﻿mountain zebra occurs on private land where during times of ﻿drought they 
may not be prioritised as they compete with ﻿livestock for grazing and water: farmers tend to 
prefer to protect their ﻿cattle by increasing the harvest of zebra, putting the population at risk if dry 
periods are frequent and prolonged. In ﻿Kunene’s ﻿communal land areas, a marked decline in the 
number of ﻿mountain zebra has occurred as a result of prolonged ﻿drought in combination with high 
offtake levels into this recent ﻿drought period (see Chapter 3, Table 3.2 and Figures 3.4 and 3.5). This 
subspecies is listed as Vulnerable to extinction by ﻿IUCN.31

Both ﻿mountain zebra and ﻿plains zebra occur in Namibia where their natural distribution range 
overlap in northern Namibia. Figure 10.2 shows the historical, current and introduced range of 
﻿mountain zebra and ﻿plains zebra.

Fig. 10.2 Maps showing the historical, current and introduced range of ﻿plains zebra (Equus quagga) (left), and of 
﻿mountain zebra (Equus zebra) in southern western Africa (right). Source: http://www.equids.org/images/L_PZebra.gif 

(L) and http://www.equids.org/images/L_MZebra.gif (R) (public domain images), CC BY-NC-ND 4.0.

27� Hack et al. (2002), Pedersen et al. (2018)
28� Groves & Bell (2004), King & Moehlman (2016)
29� Ibid.
30� Moodley & Harley (2005), Winker et al. (2016)
31� Gosling et al. (2019)

http://www.equids.org/images/L_PZebra.gif
http://www.equids.org/images/L_MZebra.gif
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Historically, the overlap in the range of the two zebra species in the area of ﻿ENP was limited. Plains 
zebra confined their movements to the southern and eastern edges of ﻿Etosha Pan during the dry 
season, and to the open plains west of the Pan during the rainy season.32 Mountain zebra in the 
park are restricted to the rocky and mountainous western section of the park, and west of the 
park into the escarpment. With the artificial provision of perennial water sources throughout the 
park, however, ﻿plains zebra expanded their range and now overlap extensively with the ﻿mountain 
zebra range in the west.33 This extended overlap in the range of the two previously geographically 
separated species in Etosha creates a potential conservation problem in the form of ﻿hybridisation 
between the two species—as discussed in detail in Section 10.2.2. The movement of ﻿mountain zebra 
to the west is restricted by the park boundary fence, while the two species interact at waterholes, 
and sometimes are observed grazing together.34 Plains zebra occur at a higher density throughout 
the park compared to ﻿mountain zebra.35

Plains zebra mares with foals depicting an intermediate phenotype of plains and ﻿mountain zebra 
were observed in western Etosha in the 1980s during zebra translocation operations,36 as well as 
along the southern boundary fence near Ombika.37 Hybridisation is thought to be more prevalent in 
western Etosha where the range of the two species overlap.38 Apart from observations based on the 
phenotypical evidence of foals with intermediary striping patterns, no in-depth research has been 
undertaken to understand the circumstances surrounding the phenomenon of zebra ﻿hybridisation 
in ﻿ENP. However, a pilot research project was initiated to test for ﻿hybridisation between the two 
zebra species using molecular studies.39 At the same time, there is currently no scientific basis for 
extrapolating the extent of ﻿hybridisation to determine whether or not it is a priority conservation 
concern for one or both zebra species. There is thus a need to identify and understand the ecological 
and ﻿genetic characteristics and causal mechanisms for ﻿hybridisation to inform possible remedial 
measures to reduce or eliminate associated conservation risks. 

10.2 Conceptualising home range, habitats and hybridisation:  
A review of literature 

As mentioned, provision of artificial water for wildlife, and fencing off of the ﻿ENP protected area, 
is suspected to have facilitated extended overlap between historically separated wildlife species, 
leading to potential conservation challenges such as ﻿hybridisation. In this section, I review literature 
on an array of ecological and biological factors that may play a part in causing ﻿hybridisation 
between plains and ﻿mountain zebra in the area of ﻿ENP, to assess ﻿hybridisation likelihood and 
potential conservation consequences. 

10.2.1 Home range and habitat use 

Understanding wildlife movements and ﻿habitat use is critical for species conservation and 
management.40 Animal space use is a central topic in ecology that has been addressed from two 
complementary viewpoints, namely geographic and environmental space. Typically, studies rooted 
in geographic space focus on ﻿home range size and spatial distribution, whereas studies focusing 

32� Stander et al. (1990)
33� Gosling (2014)
34� Ibid.
35� Kilian (2015)
36� Louis Geldenhuys, pers. comm., 2015.
37� W. Versfeld, pers. comm., 2015.
38� Gosling (2014)
39� Kamath (2011)
40� Roug et al. (2020)
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on environmental space aim to identify factors determining resource use and selection.41 The most 
commonly used definition for an animal’s ﻿home range is the area traversed by the individual in its 
normal activities of food gathering, mating and caring for young.42 In this view, occasional ventures 
outside an area, perhaps exploratory, should not be considered as part of the home range.43 Home 
ranges differ among animals of different species, among individuals within species, and even in 
individuals over time. 

Home range behaviour is a common pattern of space use although there is also variation in animal 
﻿home range size. Identifying factors that underlie this variation is fundamental to understanding 
the distribution and abundance of animals, and ultimately their population regulation, ﻿habitat 
selection and community structure—all relevant for management choices for the conservation of 
ecosystems.44 Furthermore, home range behaviour is thought to be an expression of an animal’s 
decision-making process, shaped by natural selection, to access spatially dispersed resources in a 
manner that increases fitness.45 

Biologists track animals to estimate the size and shapes of home ranges, movement patterns 
within home ranges, ﻿home range overlap among individuals, and how ﻿home range boundaries 
vary over time.46 Home range size is influenced by several factors. Generally, home range size has 
been shown to decrease with decreasing body size, increased forage availability, and intraspecific 
competition, while interspecies competition leads to increasing home ranges.47 Large mammals 
have larger home ranges than small ﻿mammals because they require more energy and therefore 
need a greater area in which to find this energy.48 Other factors such as resource heterogeneity, 
abundance of predators, number of offspring, and anthropogenic disturbance also influence 
the size of the home range of a species49 (see Chapters 17 and 19 for how these issues manifest 
concerning ﻿lion (Panthera leo)).

Habitat is a theoretical construct used to describe the living space of an organism. It includes 
the suite of interacting abiotic (e.g. weather, soils, topography, hydrology) and biotic (e.g. vegetation 
structure and composition, inter- and intra-specific competition, prevalence of diseases) elements 
influencing whether or not an organism uses a particular location.50 Habitat selection is defined 
as the disproportionately preferential use of habitat types relative to their availability,51 and is 
an outcome of individual characteristics, the landscape animals inhabit and relationships among 
these.52 In their simplest form, habitat studies describe the general distribution of animals, i.e. 
where they occur in relation to characteristics of their environment.53 

Landscape use and the distribution of large mammalian herbivores are primarily driven by the 
availability of resources and the presence of constraints. Resources are usually related to forage 
characteristics, while constraints can limit the use of otherwise favourable environments.54 Grass 
quality and distribution are important characteristics defining the availability of forage resources 
for herbivores.55

In equids, as with other ﻿mammals, resources determine space use and movements. Home ranges 
of ﻿plains zebra, for example, differ across the continent, and across group composition. In East 

41� van Moorter et al. (2015)
42� Burt (1943)
43� Kie et al. (2010)
44� Loveridge et al. (2009)
45� Knüsel et al. (2019)
46� Spencer (2012)
47� Bevanda et al. (2015)
48� Penzhorn (1982a)
49� Richard et al. (2014)
50� Montgomery & Roloff (2013)
51� Johnson (1980)
52� Rivrud et al. (2009)
53� Marshal et al. (2009)
54� Mariotti et al. (2020)
55� Ibid.
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Africa home ranges in ﻿Ngorongoro were 80-250 km2, while they were larger in ﻿Serengeti where 
they were influenced by the migratory nature of the zebras; 3-400 km2 in the wet season and 4-600 
km2 in the dry season.56 In Kruger National Park (KNP), South Africa, the plains zebra home ranges 
ranged from 49-566 km2.57 In another study conducted in KNP, the annual home ranges of plains 
zebra covered 150-250 km2 whereas the seasonal home ranges varied between 30-90 km2.58 

﻿Hartmann’s ﻿mountain zebra distribution is associated with rainfall patterns, so it has a marked 
seasonal variation. Their home ranges in Namibia’s winter grazing areas were 6-10 km2 in the 
fenced area of Daan ﻿Viljoen Game Reserve, and 10-20 km2 in the Otjovazandu area of ﻿ENP, with 
much smaller summer grazing areas in both areas.59 The home ranges of Cape Mountain Zebra 
breeding herds in Cape Mountain Zebra National Park, South Africa, ranged between 3-16 km2.60 The 
size and shape of the ﻿mountain zebra ﻿home range are determined by the availability of sufficient 
grazing, at least one permanent drinking place, mineral licks and sufficient shelter.61 A recent study 
in Namibia, however, reported much larger home ranges for ﻿mountain zebra averaging between 
681 and 256 km2  in wet and dry seasons respectively in an unprotected area.62

A suitable ﻿habitat is an important factor affecting the distribution and abundance of wild 
animals.63 Several factors such as variation in structure, abundance and spatial distribution of 
plant resources,64 local density of herbivores,65 and sex and stage of life resulting in demographic 
differences,66 may influence habitat selection in herbivores. Preference for a given habitat type 
is largely determined by the available vegetation within an area which provides herbivores 
with food, water, minerals, shelter from climatic extremes and cover from predators.67 Of these 
vegetation features, food is considered the most important factor influencing ﻿habitat use among 
large herbivores.68 

Wild and feral equids inhabit diverse grasslands, shrubland and woodland environments 
around the world and frequently display seasonal changes in ﻿home range dimensions or use in 
response to shifts in water and vegetation availability.69 Plains zebra prefer both open grasslands 
and woodlands.70 Spatio-temporal variation in habitat selection between open grasslands and 
woodlands by plains zebra exists as a response to predator avoidance and resource availability.71 
A study in ﻿ENP established that ﻿plains zebra prefer open ﻿habitats in wet seasons and wetter years 
but shifted their selection preferences to woodlands in dry seasons and droughts.72 Mountain zebra 
are not territorial and could therefore be expected to range freely, selecting those areas that best 
suit their requirements.73 Mountain zebra were also found to prefer grasslands compared to other 
﻿habitat types in a study conducted in Mountain Zebra National Park in South Africa.74 Not much 
more is known about the ﻿habitat preferences of ﻿Hartmann’s ﻿mountain zebra other than their 
recorded preferences for the mountain escarpment in Namibia.75

56� King & Moehlman (2016)
57� Smuts (1975)
58� Owen-Smith et al. (2015)
59� Penzhorn (1982b)
60� Ransom & Kaczensky (2016)
61� Penzhorn (1982a)
62� Muntifering et al. (2019)
63� Chabwela et al. (2017)
64� Spalinger & Hobbs (1992)
65� Maier et al. (2005)
66� Nikula et al. (2004)
67� Jarman & Sinclair (2021)
68� McNaughton (1987)
69� Bartlam Brooks et al. (2013), Muntifering et al. (2019)
70� Courbin et al. (2016), Fischhoff et al. (2007)
71� Ibid., Zidon et al. (2017)
72� Huang et al. (2021)
73� Penzhorn (1979)
74� Winkler & Owen-Smith (1995)
75� Joubert (1972), Muntifering et al. (2019)
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10.2.2 Hybridisation and landscape genetics

Hybridisation is a situation in which two populations of individuals distinguishable based on one 
or more heritable characters overlap in space and temporarily cross to form viable, and at least 
partially fertile offspring.76 Species boundaries are frequently challenged by lineage divergence 
and ﻿hybridisation. Diverged lineages are maintained by barriers to ﻿gene flow that vary in strength 
over time, space, or the genome.77 For closely related species, the barriers may be permeable, 
and changes in ecology, behaviour, population dynamics and distribution of species may result 
in increased levels of spatial and temporal sympatry,78 leading to an increased frequency of 
﻿hybridisation events.79 Anthropogenic activities such as habitat degradation, domestication and 
translocation of animal species have recently increased the rate of ﻿hybridisation events worldwide 
as humans have facilitated contact between previously allopatric80 populations.81 

Hybridisation between genetically differentiated populations, subspecies or even species often 
occurs in nature as a consequence of secondary contact: such ﻿hybridisation may remain constrained 
to narrow hybrid zones, or may cause widespread introgression with a variety of novel potentially 
adaptive genotypes.82 While the evolutionary consequences of natural hybridisation are usually 
positive, anthropogenic hybridisation can be problematic.83 Hybridisation can occur due to poor 
﻿habitat, ﻿habitat modification, human-mediated introductions, small populations, skewed sex ratios 
and low mate availability.84 Determining whether hybridisation is “natural” or “anthropogenic” is 
crucial for conservation, with ﻿hybridisation especially problematic for rare species that come into 
contact with other more abundant species.85  

While ﻿hybridisation is recognised as an important evolutionary force sometimes leading 
to the formation of new species, increasing rates of ﻿hybridisation in the last 20 years, due to 
anthropogenically induced ﻿habitat decline and the introduction of exotic species, is of concern from 
a conservation perspective.86 Whether viewed as a threat or opportunity, hybridisation presents 
challenges for conservation.87 In particular, a high frequency of hybridisation events followed 
by backcrossing may lead to the formation of a “﻿hybrid swarm”,88 and in the most extreme cases 
may result in species replacement.89 Hybridisation and introgression may have harmful effects 
on the fitness of animal populations in the wild, causing loss of ﻿genetic diversity due to ﻿genetic 
homogenisation and/or outbreeding depression in local populations.90 It is thus important to strike 
a balance between these potentially detrimental and beneficial consequences when devising 
effective conservation strategies.91

Landscape ﻿genetics aims to provide information about the interaction between landscape features 
and micro-evolutionary processes such as ﻿gene flow, ﻿genetic drift and selection. Viewed as a hybrid 
between population ﻿genetics and landscape ecology, ﻿landscape ﻿genetics uses spatial ﻿genetic patterns 

76� Eckenwalder (1998)
77� Harrison & Larson (2014)
78� Sympatry is the term used to describe populations, varieties or species that occur in the same place at the same time.
79� Levänen et al. (2018)
80� Allopatry describes a population or species that is physically isolated from other similar groups by an extrinsic 

barrier to dispersal.
81� Iacolina et al. (2018)
82� Wyk et al. (2013). Genotype refers to the ﻿genetic makeup of an organism.
83� Ibid.
84� Dalton et al. (2017)
85� Allendorf et al. (2001)
86� Cordingley et al. (2009), Ottenburghs (2021)
87� Levänen et al. (2018)
88� Defined as a population of hybrids that has survived beyond the initial hybrid generation, with interbreeding 

between hybrid individuals and backcrossing—i.e. a crossing of a hybrid with one of its parents or an individual 
genetically similar to its parent, to achieve offspring with a ﻿genetic identity closer to that of the parent.

89� Hailer & Leonard (2008)
90� Galov et al. (2015)
91� Ottenburghs (2021)
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as the focus for analysis.92 Landscape genetics treats genetic patterns as multivariate spatial data 
and seeks to infer ecological understandings by evaluating these patterns either in isolation, or in 
conjunction with other spatial data.93 This integrated approach allows an assessment of the impacts 
of landscape composition, configuration and ﻿habitat matrix quality on the spatial distribution of 
neutral and adaptive ﻿genetic variation and associated micro-evolutionary processes across natural 
populations.94 Landscape genetics investigates processes at a fine-spatial scale, generally around 
the dispersal scale of the organisms—such as the effect of barriers or fine-scale ﻿genetic structures 
with regards to landscape features—and is especially concerned with contemporary and recent 
processes.95 Issues of landscape effects on population structure, gene flow and identification of 
barriers, and fragmentation, connectivity and corridors, are some of the questions that can be 
answered by the study of conservation ﻿genetics.96 

In the genus Equus, hybridisation has been well documented in captivity, as well as in the wild,97 
and has also occurred where equid species have been introduced outside their natural range or 
where feral equids have interbred with wild equids.98 Cordingley and others99 reported for the first 
time the evidence of ﻿hybridisation between two equid species, ﻿plains zebra (E. quagga) and ﻿Grevy’s 
zebra (E. grevyi) in ﻿Kenya. Although there are differences in the chromosome numbers of ﻿Grevy’s 
zebra and plains zebra, meaning that fertile hybrid offspring are not expected,100 the hybridisation 
event in Kenya led to the production of viable hybrid offspring able to raise their young.101 In the 
Kenyan example, the directionality of ﻿gene flow was from ﻿Grevy’s zebra to ﻿plains zebra, as all 
known hybrid offspring were sired by male Grevy’s zebra. Dalton and others102 also found evidence 
of ﻿hybridisation between Cape Mountain zebra and ﻿plains zebra in South Africa, despite differences 
in their chromosomal numbers. In the South African example, the direction of ﻿gene flow was from 
﻿plains zebra towards Cape mountain zebra, and the study only detected F1 hybrids103 which may 
indicate that the hybrids are infertile.104

Studies with a focus on population ﻿genetics and ﻿hybridisation between equids have clearly 
been conducted.105 At the same time, these studies lack the aspects of spatial ecology of the studied 
animals, and how this dimension influences their distribution and ﻿gene flow, and therefore the 
population ﻿genetic structuring of the studied populations. 

10.2.3 Habitat suitability and landscape connectivity 

Habitat suitability is defined as the probability that a species uses a particular ﻿habitat. In recent years, 
predictive modelling of species distribution has become an increasingly important tool to address 
various issues in ecology, biogeography, evolution, and also in conservation biology and ﻿climate 
change research.106 Habitat suitability models are based on the environmental characteristics of 
locations used or not used (presence, presence-absence, abundance) by the species in question.107 

92� Manel et al. (2003)
93� McKelvey et al. (2010)
94� Sommer et al. (2013)
95� Montgelard et al. (2014)
96� Ibid.
97� Cordingley et al. (2009)
98� Brown & Jenkins (1987)
99� (2009)
100� Ryder et al. (1978)
101� Cordingley et al. (2009)
102� (2017)
103� An F1 hybrid is the first filial generation of offspring of distinctly different parental types.
104� Dalton et al. (2017)
105� Cordingley et al. (2009), Moodley & Harley (2005), Odhiambo (2017), Pedersen et al. (2018)
106� Guisan & Thuiller (2005)
107� Zecherle et al. (2020)
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They can help select reserve networks,108 and evaluate connectivity,109 as these models predict the 
distribution of suitable ﻿habitats or resource patches in a landscape.

Maintaining functional connectivity in ecosystems—i.e. through an area or “corridor” which 
functions to allow wildlife dispersal without disturbance or hindrance (see Chapters 2, 3, 13 and 19)— 
is considered critical for conserving large herbivores; especially those that track dynamic 
spatiotemporal gradients in resource availability, while minimising predation risk and human 
interference.110 Landscape connectivity is important for animal dispersal and gene flow in fragmented 
landscapes, as it allows for the rescuing of declining populations, the (re)colonisation of ﻿habitat 
patches, and prevents inbreeding effects in small populations.111 It is also a critical property in the 
persistence of spatially structured populations.112 Gene flow is usually restricted by distance, with 
individuals being genetically more related at shorter than longer geographical distances. Dispersal 
distance increases greatly when the dispersal route meanders through a fragmented landscape.113 
Therefore land use and ﻿habitat fragmentation affect landscape connectivity and potentially reduce 
﻿gene flow.114 Landscape genetic studies have thus incorporated complex landscape measures rather 
than straight-line distances to give a more realistic estimate of the effective distance between 
populations.115 Connectivity—the degree to which the landscape facilitates or impedes movement 
among resource patches—is often species and process-specific, such that a corridor for one species 
does not necessarily support the movement of other species,116 requiring the use of multi-species 
connectivity analysis. Such approaches to connectivity analysis can be valuable for prioritising 
functional conservation strategies that permit herbivore communities to follow changing vegetation 
productivity through annual cycles.117 

Habitat-based and landscape ﻿genetic approaches are different but complementary. When 
combined they can identify important ﻿habitats for different life history requirements of a 
species. Furthermore, the integrated ﻿habitat and ﻿landscape ﻿genetics model also provides valuable 
information for resource managers to promote connectivity between critical ﻿habitats, through 
designing corridors and conservation areas118 (see Chapter 3). Various studies assessing the habitat 
suitability and landscape connectivity for equids have been conducted.119 For example, recent 
work on the population ﻿genetics of equids in southern Africa investigated the population ﻿genetic 
structuring of mountain zebra across its range in Namibia,120 and plains zebra across its range 
in eastern and southern Africa.121 However, all these studies concentrated on habitat suitability, 
landscape connectivity, and population ﻿genetics in isolation, without integrating these dimensions 
to understand the processes and patterns at the ﻿landscape ﻿genetics level for the two species. 
Additionally, most of the studies assessed the ﻿habitat suitability and landscape connectivity for 
single species only. The population ﻿genetic studies also focused on single species except in the 
case of a few studies that investigated ﻿hybridisation. Equally, the studies on ﻿habitat suitability and 
connectivity were also focused on single species. 

As such, there is an opportunity here to study ﻿habitat suitability and landscape connectivity, as 
well as the population ﻿genetics of two co-occurring species of zebra, to understand the spatial and 

108� Zielinski et al. (2006)
109� Binzenhöfer et al. (2005)
110� Frank et al. (1998), Harris et al. (2009), Hobbs et al. (2008), Owen-Smith (2004)
111� Stevens et al. (2006)
112� Metzger & Decamps (1997)
113� Wright (1943)
114� Berry et al. (2005)
115� Holderegger & Wagner (2006)
116� Crego et al. (2021)
117� Fynn & Bonyongo (2011)
118� Chetkiewicz & Boyce (2009)
119 Sharma et al. (2004), Kebede et al. (2012), Kigen et al. (2013), Mwangi et al. (2018), Olivier (2019)
120� Moodley & Harley (2005)
121� Pedersen et al. (2018)
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﻿genetic outcomes of their interactions. As highlighted in Chapter 2 historical circumstances have led 
to the fragmentation and transformation of the wider landscape from ﻿Etosha Pan to the ﻿Skeleton 
Coast, giving rise to the permanent overlap in the range of historically separated but closely related 
species which may then hybridise with conservation consequences. 

10.3 To conclude: New research objectives and hypotheses  
for assessing zebra genetic integrity for conservation  

management in ENP
As a response to the literature review and conceptual dimensions explored in Section 10.2, I 
now outline the development of a research project exploring the spatial ecology, ﻿hybridisation 
possibilities and conservation implications for mountain and ﻿plains zebra in ﻿ENP. Data collection 
is at a preliminary stage, but the research design itself illuminates issues of conservation concern 
and their management, and further highlights the potentially harmful unintended outcomes that 
past conservation (and other) policies leading to landscape transformation and fragmentation may 
have on certain wildlife species in the landscape. This ongoing research is pursuing the following 
objectives, via a series of hypotheses, as outlined below.

10.3.1 Objective 1: Home ranges and habitat selection

The first objective is to assess home ranges and ﻿habitat selection of ﻿mountain zebra and ﻿plains zebra 
in ﻿Etosha National Park to determine population and species connectivity, isolation or overlap. 
Here the research is structured by three hypotheses, namely:

1.	 ﻿plains zebra have overall larger ﻿home range sizes compared to ﻿mountain zebra, and these 
differences in ﻿home range sizes remain the same throughout different seasons;

1.	 owing to their similar ecology and physiology, no differentiation in ﻿habitat selection is 
expected for ﻿mountain zebra and ﻿plains zebra as both zebras will select for the same 
resources;

1.	 overlap in the home ranges of the two zebra is expected throughout the seasons, and such 
overlap in home ranges is more profound around wildlife water points.

10.3.2 Objective 2: Hybridisation and genetic connectivity

Based on the literature review shared in Section 10.2, further research will assess ﻿hybridisation and 
﻿genetic connectivity in tandem, by pursuing the following two objectives:

1.	 to assess the extent of ﻿hybridisation in ﻿mountain zebra and ﻿plains zebra populations in 
the ﻿ENP landscape;

1.	 to study ﻿genetic connectivity across the landscape to identify potential barriers for ﻿gene 
flow in mountain and ﻿plains zebra populations.

It is hypothesised that:

1.	 ﻿hybridisation occurs between ﻿mountain zebra and ﻿plains zebra in the study area, and 
﻿hybridisation events are restricted to a narrow hybrid zone in the area of overlap between 
the two species;

1.	 low levels of ﻿genetic diversity are expected for ﻿mountain zebra in Etosha due to smaller 
population size and restricted ﻿gene flow between ﻿mountain zebra populations as a result 
of movement restrictions by fences;
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1.	 ﻿plains zebra are expected to have higher levels of ﻿﻿genetic diversity owing to their larger 
and connected population size.

10.3.3 Objective 3: Multi-species habitat suitability and landscape connectivity 
modelling

The third objective for future research is to conduct multi-species ﻿habitat suitability and landscape 
connectivity modelling to correlate ﻿gene flow with landscape connectivity for ﻿mountain zebra and 
﻿plains zebra, and to determine spatial probability for ﻿hybridisation. This objective is shaped by the 
following hypotheses:

1.	 ﻿ENP offers limited suitable ﻿habitat for ﻿mountain zebra and connectivity to available 
suitable ﻿habitat is impaired by anthropogenic factors;

1.	 ﻿ENP has suitable ﻿habitat for ﻿plains zebra whereas connectivity to available suitable ﻿habitat 
outside the park is impaired by anthropogenic factors.

10.3.4 Objective 4: Management recommendations for conserving zebra genetic 
integrity

The fourth and final objective is to draw on the research outlined above to make management 
recommendations for the conservation of ﻿genetic integrity for ﻿mountain zebra and ﻿plains zebra, 
potentially through spatial separation mechanisms. This objective is structured by the following 
hypotheses:

1.	 it is expected that this study will show that ﻿habitat fragmentation restricts the movements 
of wildlife species and connectivity with suitable ﻿habitats elsewhere; 

1.	 it is further expected that ﻿habitat transformation which facilitates prolonged co-existence 
between previously allopatric but closely related species has implications for their 
population and ﻿landscape ﻿genetics. 

To conclude, with this study I hope to shed more light on the home ranges, ﻿home range overlap 
and ﻿habitat selection of the two zebra species in the anthropogenically transformed landscape of 
﻿ENP that has resulted from colonial and ﻿post-Independence conservation policies (see Chapters 
1, 2 and 3), and how these have impacted on the population ﻿genetics of the two zebra species. I 
further wish to explore and understand the recent and past population ﻿genetic structuring of the 
two species as a result of ﻿habitat transformation, while investigating the existence of any ﻿gene 
flow across the landscape. The suitability of areas outside ﻿ENP will also be assessed to recommend 
viable conservation planning for these species that also involves local communities.  
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