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ABSTRACT

The burgeoning human population size and the consequent land development pressures to meet
its various needs has led to an unparalleled increase in the rates at which natural environments
are converted for anthropogenic purposes. Among the major drivers of landscape modification
by humans, urbanisation is arguably the most damaging, persistent and rapidly expanding
across the globe. With the expansion of urbanisation, an increasing proportion of global
biodiversity will be affected. The Ethekwini Municipality Area (EMA) is an urbanised
landscape with high levels of biodiversity in South Africa. However, this area has a relatively
large human population (~3.5 million), most of which is poor. Furthermore, it is located within
a region (KwaZulu-Natal) undergoing rapid landscape changes. High development pressures,
unauthorised development practices, conflicting governance systems and the preponderance of
development priorities over environmental concerns has subjected most of the EMA to human
activity. Considering these pressures, it is important to understand how wildlife adapt and
persist in this human dominated landscape in order to guide conservation action. The aim of
this study was to assess the impacts of anthropogenic disturbance on persistence patterns of
forest mammals (excluding bats) in an urban-forest mosaic in the EMA, Durban, South Africa.
The objectives were to: (1) determine factors affecting the occupancy of forest mammals; (2)
determine the effects of landscape context on mammalian richness; (3) determine the effects
of patch attributes and species’ ecological and life-history traits on nestedness patterns and (4)
determine the effects of anthropogenic disturbance and abiotic factors on activity patterns and
temporal niche overlap of mammals.

Between May-September 2016 and December 2016—April 2017, mammalian surveys
were conducted in forest patches within the study area using remote-triggered camera traps.
Furthermore, data on vegetation structure at each camera trap location was recorded in order
to better understand the habitat requirements of species. The results showed varying responses
of mammals to landscape and habitat structural variables. The blue duiker (Philantomba
monticola), bushbuck (Tragelaphus scriptus), bushpig (Potamochoerus larvatus), and Cape
porcupine (Hystrix africaeustralis) were negatively affected by the loss and degradation of
forest habitat and the increase in matrix development intensity whereas the large-spotted genet
(Genetta tigrina) and vervet monkey (Chlorocebus pygerythrus) were relatively unaffected by
such changes. Among habitat variables, an intact undergrowth and a high density of large trees
were found to be important for the occurrence of many species found in this area as they

provide sufficient breeding, roosting and browsing resources for specialist species that respond



negatively to urban development. The results also demonstrated the importance of habitat area
and its spatial configuration to the occurrence and persistence of mammals in this area. Patches
that supported a high diversity of mammals were significantly larger, closer together, more
contiguous and less separated by roads and urban development than patches that supported
fewer species. The mammalian assemblage in the EMA was found to be significantly nested,
with nestedness patterns related to patch size and isolation. This suggested that both the ability
of species to persist on patches of various sizes and the ability to move to patches with different
degrees of isolation affects the distribution and abundance of mammals in this area. Ecological
specialists were found to be under more severe threat from further loss of forest habitat, which
will likely threaten the long-term ecosystem functioning of forest habitat. When the activity
patterns of species in the EMA were compared with activity patterns of the same species
occurring in a less-disturbed landscape (Isimangaliso Wetland Park), no significant shifts in
activity patterns were observed for most species except for common duiker (Sylvicapra
grimmia), vervet monkey and Cape porcupine. Furthermore, there was only partial support for
higher temporal overlap in activity patterns of ecologically similar species in the highly-
disturbed EMA.

Overall, the results presented in this thesis have provided insights into the persistence
abilities of mammal species found in the EMA. The results have also provided basic ecological
information on poorly known taxa, which will advance our understanding of their ecology
locally and regionally. To ensure the continued persistence of mammals in the EMA,
conservation efforts should prioritise the prevention of further loss of habitat, particularly large
tracts of contiguous habitat. Furthermore, measures aimed at improving matrix permeability
(e.g. stepping stones or corridors) should be promoted. This will help in reducing the negative
effects of roads, which will ultimately increase landscape connectivity. Nevertheless, this is a
metropolitan area with high development pressures, which are expected to increase even further
in the future given the rapid population growth rate and the need to provide basic services to
the people. Therefore, town planners, land owners, ecologists, and other decision makers need
to consider the whole landscape, including the matrix, in the planning phase of future
development projects in this area in order to minimise potentially negative effects on

biodiversity.



ISIZULU ABSTRACT - NGOKUFINGQIWE

Ukwanda kwabantu emhlabeni, kanye nokwenyuka kwesidingo sokuhlinzeka abantu
ngezidingo sekudale ukuthi linyuke izinga lokuguqulwa kwezindawo zasendle ukuze
zisetshenzisselwe ukuhlinzeka izidingo zabantu. Kwizinhlobonhlobo zezizathu ezidala lokhu,
ukwakhiwa kwamadolobha kunomthelela omkhulu kunazo zonke ezinye izizathu emhlabeni
wonke jikelele. Njengoba ukwakhiwa kwezindawo zasemadolobheni kughubeka, iningi
lezilwane zasendle zizithola sezihlala ezindaweni ezisondelene namadolobha. Indawo
engaphansi kukaMasipala waseThekwini (EMA) ingezinye zezindawo ezinothe kakhulu
ngemvelo eNingizimu Afrika. Kepha, le ndawo inabantu abaningi kakhulu (izigidi eziyi-3
nengxenye), futhi iphinde itholakale esifundeni (KwaZulu-Natal) lapho kwenzeka khona
ngamandla ukuguqulwa kwezindawo zasendle ukuze zisetshenziselwe izidingo zabantu.
Ngaphezu kwalokho, lendawo ingaphansi kwengcindezi  yokuthi iguqulwelwe
ukusetshenziswa ngabantu, kunabantu abakha ngokungemthetho futhi abaphethe bacabangela
kakhulu izidingo zentuthuko kunesidingo sokongiwa kwemvelo. Esimeni esinjengalesi,
kubaluleke kakhulu ukucwaninga ukuze kubonakale ukuthi izilwane ezitholakala kule ndawo
zenza kanjani ukumelana noguquko olwenzekayo ukuze zikwazi ukongiwa, zingashabalali.
Inhloso yalolu cwaningo bekuwukuthola ukuthi izilwane ezitholakala emahlathini akulendawo
(lezi ezinoboya, ngaphandle kwamalulwane) zimelana kanjani noguquko olungaka
olwenzakalayo. Izinjongo zalolu cwaningo bezimi kanje: (1) ukuthola izinto ezinomthelela
ekutheni izilwane zitholakala kuphi kule ndawo; (2) ukuthola ukuthi ubunjalo bendawo
bunomthelela yini ekuthezi zingaki izilwane ezitholakalayo; (3) ukuthola ukuthi izilwaze
ngabe zinephethini ethile yini ekuhlaleni emahlathini ahlukene kanye (4) nokuthola ukuthi
ngabe izilwane ziyazishintsha yini izikhathi ezizisebenzisela ukufuna ukudla kanje nokunelisa
ezinye izidingo ngenxa yokushintsha kwendawo.

Kusukela kuNhlaba kuya kuMandulo wezi-2016 kanye noZibandlela kuya kuNdasa
wezi-2017 kube nocwaningo ukuthola ukuthi vyiziphi izilwane ezikhona kule ndawo
kusetshenziswa amakhamera. Kwaphinde futhi kwagogwa ulwazi mayelana nesimo
nezihlahla/izitshalo ezikulendawo ukubona ukuthi yisiphi isimo sezihlahla esithandwa
yizilwane. Imiphumela ikhombisile ukuthi izilwane zikwazi ngokungafani ukumelana
noguquko. Iphithi (Philantomba monticola), unkonka (Tragelaphus scriptus), ingulube
yasehlathini (Potamochoerus sylvaticus) kanye nengungumbane (Hystrix africaeustrais) bona
baluzwela kakhulu ushintsho kanti inkawu (Chlorocebus pygerythrus) kanye nensimba

(Genetta tigrina) bona bayakazi ukumelana noshintsho. Imiphumela ikhombise ukuthi



ukucinana kwzihlahla ezisahluma kanye nokuba khona kwezihlahla ezinkulu kubaluleke
kakhulu ekutheni zonke izilwane zibe khona kule ndawo. Ukuba khona kwalokhu okubalwe
ngenhla kwenza izilwane zibe nezindawo ezanele zokucasha, zokulala kanye nokudla.
Kuphinde kwabonakala ukuthi ukuba khona kwamabhlathi kanye nokuthi atholakale esondelene
kunomthelela omuhle ekutheni izilwane zitholakale kuwo. Mayelana nokutholakala
kwezilwane emahlathini, kwatholakala ukuthi ubukhulu behlathi kanye nokuthi likude
kangakanani kwamanye kunomthelela. Lokhu kukhombisa ukuthi kudingeka amahlathi
amakhulu ukuze izilwane zikwazi ukuphila kuwo futhi kudingeka asondelane ukuze zikwazi
ukuwasebenzisa wonke. Kutholakale ukuthi izilwane ezidinga ukuthi amahlathi abe sesimeni
esithile kuphela yiwona asemathubeni okushabalala kule ndawo ngikughubeka koshintsho
olwenzekayo. Uma kughathaniswa izikhathi lapho izilwane zinyakaza khona kutholakale
ukuthi akunamehluko otheni phakathi kwalendawo kanye nenye indawo engakaguqulwa
kakhulu (Isimangaliso Wetland Park), ngaphandle kwempunzi (Sylvicapra grimmia), inkawu
kanye nengungumbane. Futhi ezilwaneni ezinezidingo ezifanayo, akutholakalanga ukuthi
zinyakaza kakhulu ngesikhathi esifanayo kule ndawo.

Jikelele, imiphumela eyethulwa kulo mqulu ikhombisa ukuthi izilwane zikwazi kanjani
ukumelana noguguko olwenzekayo ezindaweni ezihlala kuzo. Luphinde futhi lwasinika
nolwazi olunzulu mayelana nezidingo zalezilwane endle. Ukuginisekisa ukuthi izilwane
ezitholakale kule ndawo azishabalali, kumele kuginisekiswe ukuthi amahlathi ayavikelwa,
ikakhulu lawo amakhulu futhi atholakala eduzane kwamanye. Okunye futhi, kumele
kuginisekiswe ukuthi izihlahla ziyatshalwa ezindaweni eziphakathi nendawo kwamahlathi
ukuze kusizwe izilwane ekutheni zifinyelele kalula emahlathini ahlukene. Lokhu kuzosiza
ekutheni izilwane zikuthole kulula ukuhamba ngokukhululeka kule ndawo uma ziya
kwamanye amahlathi. Kodwa ngenxa yokuthi le ndawo ingaphansi kukaMasipala,
kuyabonakala ukuthi isidingo sokuthi amahlathi ashintshelwe ukwenziwa izindawo
zokusetshenziswa ngabantu kusazoghubeka ngenxa yokukhula kwesibalo sabantu
esilindelekile. Kunxenxwa bonke labo abathintelene nokwenza izinqumo mayelana
nokusetshenziswa komhlaba ukuthi uma benza izinqumo bacabangele ukunjalo bendawo jikele
ukuze intuthuko ezokwenziwa ingabi nomthelela omubi kakhulu ezilwaneni nakwimvelo

jikelele.
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CHAPTER 1

Introduction

1. 1 Biodiversity loss

Human-driven activities, as a result of the increase in land development activities to meet the
needs of a growing human population, pose the greatest threat to the Earth’s biological diversity
(Foley et al., 2005; Bradshaw et al., 2009; Gibson et al., 2011). The impacts of anthropogenic
disturbance on biodiversity are particularly high in tropical regions where both species
diversity and human pressures on the environment are high (Bradshaw et al., 2009; Gibson et
al., 2011; Dirzo et al., 2014; Pimm et al., 2014). In the past 500 years, extinctions triggered by
humans rival the rate and magnitude of those experienced during the past five mass extinction
events, causing some authors to refer to the current wave of extinctions as the sixth mass
extinction (Pimm et al., 1995; Pimm and Raven 2000; Dirzo and Raven 2003; Pimm et al.,
2014; Ceballos et al., 2015). In the past four decades, almost all indicators of the state of
biodiversity showed declines whereas pressures on the environment increased (Butchart et al.,
2010). Despite some local successes (such as prevention of extinction, decreased pressures on
natural resources and increase in the coverage of protected areas), the rates of biodiversity loss
do not appear to be slowing down (Jenkins and Joppa 2009; Butchart et al., 2010; Pereira et
al., 2012). The rural poor face the most serious and immediate risks from biodiversity loss as
they directly depend on it (e.g. for food, building material, fuel, etc.) (Diaz et al., 2006;
Cardinale et al., 2012). With the global human population size expected to increase even further
in the coming decades (United Nations 2014), human-driven threats to global biodiversity are

likely to equally increase, leading to further loss.

1.2 Major drivers of biodiversity loss

A diverse array of natural and anthropogenic pressures are impacting global ecosystems (Brook
et al., 2008; Laurance and Useche 2009). The major drivers of global change include climate
change (Thomas et al., 2006), illegal trade of wildlife (Rosen and Smith 2010), land-use
changes (Foley et al., 2005), biological invasions (Bradley et al., 2010) and pollution (Dukes
and Mooney 1999). The effects of these different drivers have often been studied in isolation
but there is strong evidence that the impacts of one driver can strongly depend on the effects
of other drivers acting in concert (Didham et al., 2007; Brook et al., 2008; Bradley et al., 2010).
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Of particular concern, however, are the synergies among drivers (where their combined impact
is greater than the sum of individual effects) as these may exacerbate the rate of biodiversity
loss, with synergisms among drivers being reported with increasing frequency in literature
(Brook et al., 2008; Laurance and Useche 2009; Fox et al., 2014). Therefore, although species
may be directly affected by one or a few drivers, their fate is sealed by the synergistic effects
that may be detached from the initial cause of decline (Brook et al., 2008). The consideration
of these synergies is likely to lead to a better understanding of underlying causes of native
biodiversity loss which will be important for formulating sound conservation principles (Brook
et al., 2008).

1.3 Forest habitat loss

Forests are the most species rich ecosystems on Earth (Bradshaw et al., 2009). Despite covering
a small portion of the global land surface, they contain over half of species all worldwide
(Pimm and Sugden 1994; Laurance 1999; Bradshaw et al., 2009). Nevertheless, forests are
beleaguered by a myriad of human-associated disturbances, threatening their existence
(Laurance 1999; DeFries et al., 2010; Laurance et al., 2014). Between 2000 and 2012, 2.29
million km? of forest habitat was lost worldwide (Hansen et al., 2013). By 2012, at least 70%
of the world’s forests were within 1 km of forest edge with about 20% of forest habitat within
100 m of an edge (Haddad et al., 2015; Riitters et al., 2016). The loss of forest habitat does not
only cause biodiversity loss, but its effects permeate through the whole ecosystem at all levels
of biological organisation, affecting important ecological functions and processes (Haddad et
al., 2015). Nevertheless, these rates of forest loss underestimate the level of threat facing forests
as more subtle human activities causing biodiversity loss (e.g. hunting, logging, etc.) are hard
to pick up from satellite imagery (Achard et al., 2002; Asner et al., 2009). Despite these loses,
however, 0.8 million km? of forest gain occurred during the same period (Hansen et al., 2013).
However, most of this gain is likely to be due to secondary regrowth on abandoned lands and
establishment of commercial forest plantations (Achard et al., 2002; Asner et al., 2009).
Secondary forests and commercial forest plantations are very different from primary forest
cover in terms of their biodiversity value and thus cannot sufficiently offset the loss of primary
forests (Achard et al., 2002; Barlow et al., 2007; Gibson et al., 2011). Furthermore, forest loss
opens frontier forested areas to colonisation and exploitation by hunters, miners and slash-and-
burn- farmers, leading to a multitude of environmental problems (Laurance et al., 2009; Suarez
et al., 2009).



1.4 Habitat fragmentation

Destruction and fragmentation of natural habitat poses a threat to global biodiversity (Fischer
and Lindenmayer 2007; Fahrig 2013; Haddad et al., 2015; 2017). Habitat fragmentation is a
process whereby a large area of continuous habitat is transformed into smaller units of smaller
total area, isolated from each other by a matrix of habitat unlike the original (Wilcove et al.,
1986; Fahrig 2003; 2013). The conceptual development of the habitat fragmentation literature
was rooted in the equilibrium theory of island biogeography (MacArthur and Wilson 1967;
Laurance 2008). According to the theory, the number of species in an undisturbed insular
environment (e.g. an island) is determined by its distance from a source of colonists (e.g.
mainland) and its size (MacArthur and Wilson 1967). Most studies from experimentally-
fragmented landscapes showed that indeed species richness in small fragments was lower than
in large habitat fragments (Debinski and Holt 2000; Ewers and Didham 2006; Didham 2010;
Haddad et al., 2015). However, due to restrictive conceptual paradigms and imprecise and
inconsistent use of terminology, the results failed to provide process-based insights about
species distributions in fragmented landscapes (Haila 2002; McGarigal and Cushman 2002;
Lindenmayer and Fischer 2007; Laurance 2008). Fragmentation research framed based on the
island biogeographic theory assumed that fragments resembled “islands” in a “sea” of
disturbance, an assumption that is clearly not the case for most human-dominated landscapes
(Laurance 2008; Fahrig 2013). Presently, fragments are viewed as parts of a heterogeneous
landscape, with studies documenting the influence of the whole mosaic of landscape elements
surrounding habitat fragments on biota (Lindenmayer et al., 1999; Haila 2002; Bennett et al.,
2006; Didham 2010; Brudvig et al., 2016). The incorporation of the broader landscape is
important for biodiversity conservation as the survival of many species necessitates
simultaneous management of various landscape elements (Daily et al., 2001; Bennett et al.,
2006).

1.4.1 Effects on biodiversity

Due to the pervasiveness of fragmentation of natural habitats worldwide, habitat fragmentation
has become a central theme in conservation biology (Debinski and Holt 2000; Fahrig 2003;
Ewers and Didham 2006). Generally, fragmentation leads to the loss of biodiversity by
reducing the size of habitat patches which limits resource availability, reduces colonisation
rates and alter reproductive success, leading to a small population size (Turner 1996; Fahrig
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2003; Ewers and Didham 2006; Haddad et al 2015; 2017). This exposes the population to
environmental and demographic stochasticity, natural catastrophes and reduced genetic
diversity (Turner 1996; Debinski and Holt 2000; Didham 2010). Nevertheless, there are huge
discrepancies in the results from fragmentation experiments especially regarding the
relationship between species richness and abundance and fragment size (Debinski and Holt
2000; Fahrig 2003; Ewers and Didham 2006). The differing responses are due to the influence
of edge effects, competitive release and the differences in spatial scales between studies
(Debinski and Holt 2000; Fahrig 2003; Ewers and Didham 2006; Smith et al., 2011). This has
led to debates about the influence of different mechanisms associated with fragmentation and
even about the utility of the term itself (Fahrig 2003; Lindenmayer and Fischer 2007; Didham
2010; Didham et al., 2012). Fahrig (2003) suggested that the effects of habitat loss and isolation
(fragmentation per se; the breaking apart of habitat while controlling for habitat amount) should
be separated as they have different ecological effects. Indeed, studies that separated the effects
of the two mechanisms found that the effects of habitat loss were universally huge and resulted
in the loss of biodiversity whereas the effects of isolation were less strong and likely to be as
negative as positive (Fahrig 2003; Watling and Donnelly 2006; Smith et al., 2011; Fahrig 2017,
but see Fletcher et al., 2018). However, the range in area represented in studies was more than
an order of magnitude greater than the range in isolation, precluding the detection of isolation
effects simply because there was not enough variation in isolation values to cause a response
in species richness (Watling and Donnelly 2006; Bailey et al., 2010). Furthermore, the
analytical procedures used in many studies were conservative with regards to isolation effects,
leading to area effects including a significant portion of isolation effects (e.g. Villard et al.,
1999; Koper et al., 2007; Smith et al., 2009). Lastly, matrix type and species’ dispersal abilities
may strongly confound the effects of isolation (Ewers and Didham 2006; Lee and Peres 2009;
Didham 2010). Thus, a more holistic view of the landscape, together with proper
methodological and analytical procedures are required if we are to fully understand the

ecological effects of habitat fragmentation on biodiversity.

1.4.2 Effects of habitat edges

As a result of habitat fragmentation, the amount of edge habitat in the landscape increases
dramatically, exposing the biota within fragments to ecological changes associated with edge
effects (Laurance and Yensen 1991; Ries et al., 2004; Ewers and Banks-Leite 2013; Haddad et
al., 2015). Edge effects lead to several changes in the functioning and composition of habitat

fragments and these include microclimatic changes, increased wind shear and turbulence,
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increased liana abundance, changes in litter fall, nutrient cycling and a variety of other effects
(Kapos 1989; Laurance et al., 2002; 2007). These effects result in elevated tree mortality near
edges, driving the fragments towards an early-successional state with a homogenised
vegetation (Tabarelli et al., 2008). This lowers species diversity at both the patch and landscape
scale, leading to impoverishment in terms of species composition, functional diversity and life
history traits (Tabarelli et al., 2008). In animals, edge effects may lead to local extinction of
edge-avoiding species, increase in the abundance of edge dwelling species and invasion of
remnant fragments by species common in the matrix, leading to an overall increase in species
diversity at the expense of species of conservation concern (Lidicker 1999; Pardini 2004; Reino
et al., 2009; Pfeifer et al., 2018).

1.4.3 Effects on community dynamics and composition

Understanding the effects of habitat fragmentation on community composition and dynamics
is important as changes may have functional effects for fragments (Andresen 2003).
Fragmentation leads to significant alterations in community composition in taxa as diverse as
dung beetles (Didham et al., 1998), birds (Boulinier et al., 2001), butterflies (Steffan-Dewenter
and Tscharntke 2000), mammals (Laurance 1994; Ahumada et al., 2011), bees (Brosi et al.,
2008) and plants (Laurance et al., 1998a; 2006). In particular, fragmentation, through the edge
effects it creates, leads to increased temporal variability in the number of area-sensitive species
in edges, leading to high species turnover (Didham et al., 1998; Laurance et al., 2002). This
makes species more susceptible to local extinction, causing them to be lost at
disproportionately higher rates at a landscape level (Kemper et al., 1999; Laurance et al., 2006).
As aresult, the guild composition of fragments becomes indistinguishable from the edge. Over
time, these changes may result in small fragments converging in composition, containing only
a biased subset of the original community (Tabarelli et al., 1999; Laurance et al., 2007).
Fragmentation may also intensify competitive interactions among ecologically similar species,
causing the less competitive species to be lost from small fra