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Abstract

Urbanisation is associated with the loss and fragmentation of natural land, the disruption of ecosystem functioning and services,
and the loss of biodiversity. Cape Town is situated in a global biodiversity hotspot, with high rates of endemism, but both
agricultural and housing demands are increasing pressure on remaining patches of natural land and consequently the biodiversity
they support. The aims of this study were to use a standardised camera trap survey to determine which native medium and large
mammal species still survive in 12 City of Cape Town (CCT) municipal reserves (range 32—-8400 ha), and to understand how
reserve size, area-perimeter ratio, connectivity, habitat heterogeneity and presence of permanent freshwater aquatic habitat might
influence medium and large mammal (>0.5 kg) community composition. Cameras were placed at 151 locations across all
reserves using a stratified placement protocol that resulted in 13,360 independent trigger events by targeted taxa. Nineteen native
species (11 carnivores, 7 herbivores, 1 omnivore) were recorded, which is 49% of the 39 species believed to have been present
historically. Species richness varied from 1 to 12 species (mean + SD =7+ 3.6) across reserves, and linear models showed that
higher species richness and the presence of large carnivores was best explained by improved connectivity to large amounts of
natural habitat. It is recommended that maintaining biodiversity in urban reserves will be best achieved by preserving and

establishing corridors of suitable habitat that allow for the movement of animals to and from other patches.

Keywords Urban mammals - Urban conservation - Camera trapping - Connectivity - Community composition

Introduction

Medium and large mammal species richness is an important
indicator of ecosystem functioning and health (Augustine and
McNaughton 1998; Kerley et al. 2003; Ordefiana et al. 2010).
With an increase in anthropogenic activity worldwide, many
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mammal species are being adversely affected contributing to
global declines in biodiversity (Ceballos et al. 2005; Pekin and
Pijanowski 2012; Ceballos and Ehrlich 2006; Visconti et al.
2011). In urban areas, natural environments tend to be reduced
to small and often isolated pockets which are broadly impact-
ed by a range of anthropogenic activity (Kerley et al. 2003;
McDonald et al. 2008; Ceballos et al. 2005; Pekin and
Pijanowski 2012; De Stefano and De Graaf 2003; Visconti
et al. 2011) including increases in pollution, human interac-
tions and disease exposure (Ceballos and Ehrlich 2006;
McDonald et al. 2008; Ordefiana et al. 2010; Visconti et al.
2011). To ensure healthy mammal species richness in
protected areas, it is important to understand which factors
influence species richness patterns (Ramesh et al. 2016;
Gongalves et al. 2018). This in turn demands effective moni-
toring of mammals, an understanding of their ecological role
and the subsequent prioritization of management and conser-
vation actions that seek to improve or maintain richness and
community composition (Ramesh et al. 2016).

At a global scale, climatic variables such as temperature
and evapotranspiration are considered the most important cor-
relates of mammal species richness (Torres-Romero and
Olalla-Tarraga 2015; Ramesh et al. 2016). Limits of
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temperature tolerance constrain the geographic range of most
mammal species (Ramesh et al. 2016), while evapotranspira-
tion influences primary productivity and bottom-up processes
(Torres-Romero and Olalla-Tarraga 2015). At both a regional
and a landscape scale, climate and geological features are the
most important drivers of species richness patterns (Torres-
Romero and Olalla-Tarraga 2015; Ramesh et al. 2016). On
smaller scales, anthropogenic activity has influenced species
richness patterns at all scales due to habitat loss and fragmen-
tation, pollution, alien species introduction, resource depletion
and human-wildlife conflict (Ceballos and Ehrlich 2006;
McDonald et al. 2008; Ordefiana et al. 2010; Visconti et al.
2011).

Most large cities are located in areas of high biodiversity
and endemism, and consequently urban land use has had a
disproportionate impact on mammal species richness
(McDonald et al. 2008; Pekin and Pijanowski 2012;
Visconti etal. 2011). Despite this many species persist in small
urban and peri-urban reserves with certain species thriving in
human-modified habitats (De Stefano and De Graaf 2003;
Garden et al. 2006; Baker and Harris 2007; Ordefana et al.
2010; Hoffman and O’Riain 2012a; Salek et al. 2015).
Urbanisation also tends to affect trophic level dynamics within
the urban environment and human activity often supplements
food sources (Pickett et al. 2011; Saito and Koike 2013). This
increases the abundance of certain species and can eliminate
others, changing trophic level structure and community com-
position (De Stefano and De Graaf 2003; Picket et al. 2011).

Understanding which species survive in urban reserves and
how they are impacted by varying levels of isolation and
neighbouring land use is important to ensure the survival of
the remaining species and sound ecosystem functioning where
they persist in the few natural spaces remaining (Fischer and
Lindenmayer 2007; Ramesh et al. 2016). In general the spe-
cies richness of small, isolated reserves is affected by reserve
size (De Stefano and De Graaf 2003; Kerley et al. 2003;
Ceballos et al. 2005; Visconti et al. 2011; Matthies et al.
2017; Gongalves et al. 2018; Zungu et al. 2019), reserve shape
(Diamond 1975; Zungu et al. 2019), habitat heterogeneity
within the reserve (Ramesh et al. 2016; Matthies et al.
2017), connectivity to additional suitable habitat (Diamond
1975; Stevens et al. 2006; Correa Ayram et al. 2016) and
surrounding land use (McDonald et al. 2008; Visconti et al.
2011; Pekin and Pijanowski 2012; Mann et al. 2015; Torres-
Romero and Olalla-Tarraga 2015; Gongalves et al. 2018).

Garden et al. (2006) reviewed demographic data on urban
mammal species, and found that population size at a landscape
level was significantly affected by patch size, vegetation and
habitat type, and connectivity. Patch size affects the number of
individuals and species it can support and the smaller the patch
the higher the likelihood of local extinction events as risk of
extinction is usually related to population size (Turgeon and
Kramer 2012). For this reason, one large patch is often
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considered preferable to many small patches over the land-
scape (Heegaard et al. 2007). Patch shape also plays an im-
portant role in species presence and therefore richness
(Ramesh et al. 2016; Matthies et al. 2017). The shape of an
area determines the amount of core habitat available and the
amount of exposed edge, with a longer edge in relation to core
area allowing for more exposure to anthropogenic effects in an
urban context (Herse et al. 2018). Some species respond pos-
itively to increased edge and the resulting variation in habitat
(Diamond 1975), but many species are sensitive to edge ef-
fects and so require a larger core area (Hardt and Forman
1989; Ramesh et al. 2016).

Connectivity refers either to the spatial relationship be-
tween patches in a landscape (structural connectivity) or the
ability of the landscape to facilitate the movement of species
between patches (functional connectivity), and is considered
important for species population persistence within
fragmented landscapes (Hurst et al. 2013; Correa Ayram
et al. 2016). When patch size is small, a species’ persistence
may rely solely on its ability to disperse, which depends large-
ly on the type of habitat adjacent to and between patches
(Brooker et al. 1999; Sondgerath and Schroder 2002;
Turgeon and Kramer 2012). Diamond (1975) and Turgeon
and Kramer (2012) suggest that the number of species a patch
can hold is a balance between rates of extinction and immi-
gration, such that if animals are able to move into and between
areas, local extinction may be reduced. Connectivity is also
affected by permeability of patch boundaries (Stevens et al.
2006). Physical barriers (e.g. walls, fences) are important for
reducing collisions with vehicles and unregulated access by
domestic animals and people but also prevent animal move-
ment between patches (Garden et al. 2006; Ordefiana et al.
2010). There are a number of methods available to quantify
both structural and functional connectivity between two po-
tentially habitable areas (Stevens et al. 2006). These methods
can be complex and depend largely on the arrangement of
patches in relation to the size, shape and quality of corridors
within a larger landscape matrix, as well as the size and dis-
persal behavioural of the species within reserves (Brooker
et al. 1999; Tischendorf and Fahrig 2000; Kindlmann and
Burel 2008; Crooks et al. 2011; Bateman and Fleming 2012;
Correa Ayram et al. 2016).

Mammal community composition should also be con-
sidered when trying to understand mammal persistence
in urban environments as certain species may be more
vulnerable to, or alternatively more adaptable to the ef-
fects of urbanization (Bateman and Fleming 2012). This
means that naturally-occurring species community com-
position might be disrupted, influencing how species
interact with each other and the environment (Lowry
et al. 2013). Large predatory mammals tend to have
large home ranges which are invariably reduced and
fragmented by urban development (Kerley et al. 2003;
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Ordefiana et al. 2010). The removal of large predators
reduces both competition and predation for smaller
predators and prey species, which may then enable
mesopredators to persist at higher numbers (Fischer
et al. 2012; Bateman and Fleming 2012; Lowry et al.
2013). Species which typically thrive in human trans-
formed areas, such as red fox (Vulpes vulpes), rabbit
(Leporidae spp.), deer (Cervidae spp.), chacma baboon
(Papio ursinus), vervet monkey (Chlorocebus
pygerythrus) and caracal (Caracal caracal) (De
Stefano and De Graaf 2003; Hoffman and O’Riain
2012b; Patterson et al. 2018; Leighton et al. 2020), tend
to be those which are able to generalize in terms of
food sources and habitat preference, and further benefit
from the absence of competition and predation (Garden
et al. 2006; Ordefiana et al. 2010; Salek et al. 2015).
Certain non-native species (mostly domestic species) al-
so respond positively (Kerley et al. 2003; Ordefiana
et al. 2010; Nattrass et al. 2020), indicating that another
implication of urbanization is an increase in alien inva-
sive fauna with subsequent effects on local mammal
populations (Bernardo and De Melo 2013).

Mammal conservation in large urban areas is extremely
challenging and the City of Cape Town (CCT) is no exception
(Hoffman and O’Riain 2012¢; Holmes et al. 2012; Serieys
etal. 2019). Many of the large carnivore and herbivore species
such as lion (Panthera leo), black rhinoceros (Diceros
bicornis bicornis) and common eland (Tragelephus oryx)
were hunted to local extinction within the first 50 years of
colonization (Rebelo 1992; Anderson and O’Farrell 2012),
but while smaller mammal species have been able to persist
in the area, rapid urbanization has become an increasing
threat. Flat, fertile soils in proximity to freshwater were rapid-
ly developed firstly for farming and subsequently for housing
(Anderson and O’Farrell 2012). Most wildlife populations
were thus restricted to marginal habitats including wetlands
and mountain habitat where development costs were high
(Anderson and O’Farrell 2012). Consequently, only small,
fragmented patches were set aside as nature reserves within
the lowland areas of Cape Town (Rebelo et al. 2011). Despite
this fragmentation and low proportion of protected habitat
(approximately 10% excluding the mountainous
Table Mountain National Park), the Cape Town area still
maintains an extraordinary wealth of biodiversity as highlight-
ed in April 2019 when citizen science aided in the recording of
4157 individual fauna, flora and fungal species to win the
iNaturalist City Nature Challenge (iNaturalist Network 2019).

To best conserve the medium and large mammal species
still remaining within the CCT boundary and more specifical-
ly the reserves of the CCT municipality, a clear understanding
of current species richness patterns and the potential drivers
thereof is necessary. The aim of this study was to use camera
traps to determine which medium and large mammal species

assemblages still remain within the respective CCT reserves
larger than 30 ha and to identify the potential drivers respon-
sible for the expected differences in mammal community
composition. It was hypothesised that species richness would
be affected by reserve size, levels of connectivity with other
natural land, area-perimeter ratio of the reserve, habitat het\-
erogeneity and the presence of permanent freshwater aquatic
habitat. In accordance with the literature reviewed it was pre-
dicted that larger, more connected reserves with a greater area-
perimeter ratio and high habitat heterogeneity will individual-
ly and collectively have a positive effect on species richness. It
was also predicted that the presence of permanent freshwater
aquatic habitat in reserves will further elevate richness esti-
mates by attracting water associated mammals such as Cape
clawless otter - Aonyx capensis (Okes and O’Riain 2017).

Methods
Study sites

This study was conducted within 12 of the CCT municipal
nature reserves. The CCT municipality covers an area of
2461 km?® and surrounds the Table Mountain National Park
(Fig. 1). The CCT area forms part of the Cape Floristic
Region and more specifically the Fynbos Biome (Rebelo et al.
2006). The area experiences a Mediterranean climate
characterised by cool, wet winters and warm, dry and windy
summers (Cowling et al. 1996; Rebelo et al. 2006). Mean an-
nual rainfall varies with terrain and latitude from a low of
400 mm in the southern peninsula to 500-600 mm on the
lower-lying central areas and 1300-2000 mm on the upper
slopes of the northern peninsula inside the Table Mountain
National Park (Cowling et al. 1996; Harris et al. 2010).
Rebelo et al. (2006) and SANBI (2016) recognise three major
vegetation complexes within the boundaries of the CCT, namely
fynbos, renosterveld and strandveld, and also classify certain
parts as azonal vegetation. Typical fynbos is characterised by
shrubland consisting of at least 5% Restionaceae species, with
the presence of Ericaceae and Proteaceae shrubs in varying pro-
portions and a low grass component (Rebelo et al. 2006).
Fynbos systems are fire-prone and occur mainly in sandy,
nutrient-poor soil. Renosterveld structure can vary between
shrubland and grassland, consisting of small-leaved, evergreen
Asteraceae shrubs, grasses and a large proportion of geophytes.
Renosterveld typically excludes Erica and Protea species, and
occurs on shale- and granite-derived clay soils. It is also fire prone.
Strandveld vegetation occurs along coastal areas but out of direct
ocean spray (Rebelo et al. 2006). This vegetation has a medium to
dense structure formed by sclerophyllous shrubs, and while Restio
species may be present, no Protea and little to no Erica species
occur. Strandveld relies on calcium-rich soils and has a low fire
frequency (Rebelo et al. 2006). The vegetation types making up
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Legend

[ Municipal Boundary
I Table Mountain National Park

Study Sites

Il 1. Vitkamp Wetland (32 ha)
I 2. Bracken (36 ha)
I 3. Kenilworth Race Course (52 ha)
I 4. Zandvlei Estuary (200 ha)

5. Wolfgat (262 ha)

6. Tygerberg (388 ha)

7. Helderberg (402 ha)
[ 8. False Bay (632 ha)
I 9. Table Bay (880 ha)
I 10. Blaauwberg (1 445 ha)
I 11. Witzands Aquifer (1 700 ha)
I 12. Steenbras (8 400 ha)
Undeveloped Land

Agricultural Land-Use
Open space
I Protected Area

Fig. 1 City of Cape Town (CCT) nature reserve study sites and undevel-
oped (i.e. not built up) areas within the CCT municipal area.
Table Mountain National Park is also indicated but does not fall under
the CCT municipality. “Protected areas” refers to formally protected con-
servation areas. “Open space” refers to the remainder of undeveloped

these vegetation complexes can be grouped biogeographically,
and within the CCT area these are known as Southwest Fynbos,
West Coast Renosterveld and West Strandveld (SANBI 2016).
The azonal areas are defined as specialised, water-associated veg-
etation (Rebelo et al. 2006) such as wetland, coastal and riverine
vegetation.

Approximately 60% of the CCT area has been transformed
by urban, agricultural and industrial developments, and only
small remnants of natural vegetation persist (Rebelo et al.
2011). At the start of this study, seventeen nature reserves
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land, some of which may be managed as conservation areas but which
are not protected by any formal legislation, and may include private
property. Blank areas indicate urban land use zones within the municipal
boundary. Reserve numbers in the legend correspond to the reserve num-
bers of Table 1 (adapted from CCT 2019a, 2019b)

had been proclaimed and are managed by CCT in an effort
to conserve some of the remaining natural land and the floral
and faunal biodiversity. Thirteen of these reserves are larger
than 30 ha and 12 were considered sufficiently secure from a
safety and theft perspective to enable a camera trap survey and
form the focal areas of this study (Fig. 1).

The 12 reserves vary substantially in size and vegetation
cover and for the purpose of this study the vegetation was
divided into five broad habitat types. Areas covered by the
Southwest Fynbos, West Coast Renosterveld and West
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Strandveld vegetation are further referred to as fynbos,
renosterveld and strandveld respectively. The azonal vegeta-
tion associated with the wetland, coastal and riverine vegeta-
tion are together classified as ‘water-associated habitat’ and
anthropogenically altered areas such as lawns, plantation and
developed areas are grouped under ‘transformed habitat’.
Table 1 provides a summary of the size and habitat types
within each reserve. A more detailed description of each re-
serve can be found in the electronic supplementary informa-
tion (ESM 1).

Camera trap survey

Ninety un-baited Bushnell® Trophy Cam infrared remote
sensing cameras (number X model =64 x 119437, 5 x
119678, 12 x 119736, 1 x 119774, 1 x 119837 and 7 %
119876) were used to record the presence of medium to large
mammal species in each reserve. Sampling took place over
21 months from June 2017 to Feb 2019, and multiple reserves
were sampled simultaneously when possible. Infrared cam-
eras were chosen due to high human activity and risk of theft
in most of the reserves.

Camera placement

Decisions on camera trap placement were made based on the
reserve size, habitat heterogeneity, camera theft risk, accessi-
bility and obstructions posed by infrastructure (e.g. parking
lots, building clusters) with the aim to exhaustively trap each
reserve until all medium and large mammal species present
were detected at least once. Maps for each reserve were cre-
ated in QGIS v2.18.23 (QGIS Development Team 2019) to
indicate the five major habitat types. The fynbos, renosterveld
and strandveld areas were demarcated using the bioregion
maps of Rebelo et al. (2006) and SANBI (2016), and the

water-associated areas followed the azonal demarcations of
the same map series. Vegetation type delineations were refined
using aerial imagery (CCT 2019¢) and ground-truthing when
walking the reserves on foot. A 1 x 1 km grid layer was
projected over each reserve area within QGIS and adjusted
to ensure best fit (i.e. grid alignment was adjusted to ensure
each reserve area was covered with the fewest grid squares
possible) and a camera placement point identified as close to
the centre of each 1 % 1 km block that fitted entirely within a
reserve. If this protocol under-represented one of the four ma-
jor natural habitat types (i.e. fynbos, strandveld, renosterveld,
water-associated) an additional camera was placed in that hab-
itat type to ensure that potential habitat specialists were sam-
pled (O’Brien 2008). Areas with high risk of camera theft
were avoided. A minimum of five cameras were placed in
each reserve, ensuring that a minimum of 1000 camera days
could be achieved within a maximum period of 200 survey
days. In Steenbras Nature Reserve (8400 ha), the number of
cameras available was insufficient to cover the whole reserve
in one sampling event. Consequently, the total area was sub-
sampled ensuring that representation of all habitat types was
included. The cameras were placed within the different habi-
tats at similar densities (i.e. minimum one camera per 1 x 1 km
block) to the other smaller reserves to ensure spacing was
similar.

Camera placement was optimised to detect mammals fol-
lowing the methods of Colyn et al. (2017). This involved
searching for sign of mammal presence (e.g. scat, spoor, and
foraging signs) within a 120 m radius of the grid point. If no
signs were found within 120 m of the grid centre then cameras
were placed as close to the grid point as possible without
compromising camera safety. Each camera was fixed to a
wooden pole with the camera lens at 30 cm above ground
level (Tobler et al. 2008) and made to face either north or south
so as to prevent false triggers and/or over-exposure from

Table 1 Reserve size and

proportional cover (%) of each of ~ #  Nature Reserve Size Fynbos  Renosterveld — Strandveld  Water- Transformed
the five habitat types identified (ha) associated
within each of the surveyed City ]
of Cape Town nature reserves. Ultkamp Wetland 32 23.38 - — 76.62 —
Some proportions do not add up 2 Bracken 36 - 73.88 — - 26.12
to 100% due to the presence of 3 Kenilworth 52 6621 - - 2048 11.08
pem:)aner;: open watefi eslerve ; Racecourse
number (#) corresponds to legend 4 7 4uei Esuary 200 - - 17.76 27.20 3.74
of the location map (Fig. 1)
5 Wolfgat 262 - - 100 - -
6 Tygerberg 388 - 76.54 - 243 21.03
7 Helderberg 402 92.35 1.79 - 191 2.16
8 False Bay 632 15.19 - 22.01 7.23 7.71
9 Table Bay 880 1.86 - - 70.13 11.54
10  Blaauwberg 1445 36.50 8.00 55.50 - -
11 Witzands Aquifer 1700 - - 97.19 2.8 -
12 Steenbras 8400 80.38 - - 1.08 13.20
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direct sunlight. Cameras were set to take a burst of three photos
when triggered, with a delay of 30 s between trigger events
(Colyn et al. 2017). Due to prevailing wind activity and the
need to adequately hide each camera to prevent theft, sensitivity
was set to medium and vegetation within a one metre arc of the
camera lens was cut to reduce vegetation movement triggering
the camera. Cameras were serviced every 20-30 days, where
SD cards were changed and any potential problems with cam-
eras addressed.

Survey effort

Each reserve was surveyed for a minimum 1000 camera days
before cameras were removed/moved to another reserve. This
was to enable capture of most species (Si et al. 2014; Colyn
et al. 2017). If a species accumulation curve for a specific
reserve did not reach an asymptote after a 1000 days, the
survey period for that reserve was extended to attempt to reach
the number of days required for adequate detection of all spe-
cies, as time and resources allowed. EstimateS v9.1.0 software
(Colwell 2013) was used to generate sample-based species
accumulation curves for the recorded native species of each
reserve and to determine whether the survey effort in each
reserve was sufficient (Si et al. 2014; Colyn et al. 2017). The
generated curves show the cumulative number of species re-
corded over sampling effort and were generated using 1000
randomized runs, with number of samples represented by the
number of survey days (Olwell et al. 2004; Mann et al. 2015).
Non-parametric species richness estimators (incidence cover-
age estimator (ICE), Chao 2, Jack 1 and Jack 2) were used to
estimate how many species may have been missed during
sampling. Accumulation and estimator curves for each reserve
were compared to determine whether sampling effort for this
study was sufficient and to estimate what can be considered as
sufficient survey effort for the future monitoring of each area
(Chao and Chiu 2016).

A robust estimate of sampling effort required to adequately
survey a reserve was considered to be the point where the
richness estimates of all four estimators reach an asymptote
and where the variance between the four estimators richness
values was at its lowest. In this way no particular estimator
was favoured over another and it reduced any particular esti-
mator’s chance of biasing interpretation.

Species richness and community composition

Camera trap data was managed using Camera Base v1.7 soft-
ware (Tobler 2015). Only photographs of non-burrowing
mammals exceeding 0.5 kg in weight were used for analysis.
Mole-rat species (i.e. Cape dune mole-rat - Bathyergus suillus
and Cape mole-rat - Georychus capensis) were thus excluded.
Non-native and reintroduced medium and large mammal spe-
cies were noted but also excluded from richness analyses.
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Species richness predictor variables

Aerial photography (CCT 2019c), vegetation shapefiles
(SANBI 2016) and official City of Cape Town mapped
boundaries (CCT 2019b) together with ground-truthing and
reserve manager liaison were used to extract information on
variables hypothesised to influence species richness patterns
in small urban reserves. Variables included reserve size
(Diamond 1975; Matthies et al. 2017), area-perimeter ratio
(Lagro 1991; Helzer and Jelinski 1999; Ewers and Didham
2007; Herse et al. 2018), habitat heterogeneity (Ramesh et al.
2016; Matthies et al. 2017), connectivity (Stevens et al. 2006;
Turgeon and Kramer 2012; Correa Ayram et al. 2016), and the
presence of permanent freshwater aquatic habitat (Okes and
O’Riain 2017).

Reserve size and area-perimeter ratio

The perimeter (km) and area (km?) of each reserve were cal-
culated using QGIS v2.18.23 software (QGIS Development
Team 2019). An area-perimeter ratio was then determined for
each reserve by dividing the area of the reserve by the perim-
eter length. This proportion is considered to be indicative of
the ratio of core habitat relative to edge (Helzer and Jelinski
1999) with high ratio values indicating a greater proportion of
interior habitat relative to edge habitat.

Habitat heterogeneity

The area (ha) of each of the five habitat types within each
reserve was calculated using GIS vegetation shapefiles
(SANBI 2016) and aerial photography (CCT 2019c) for trans-
formed areas. These absolute values were then used to calcu-
late a Shannon-Wiener diversity index for each reserve to
appraise large-scale habitat heterogeneity (Matthies et al.
2017) using the formula:

H =- .le’i Inp;
=

where H = habitat diversity index, s = number of habitat types
present, and p; = proportion of the total area (ha) of the reserve
(Shannon 1948). The higher the index value, the more diverse
or heterogeneous the reserve is believed to be from a habitat
type perspective.

Permanent freshwater aquatic habitat

Ifareserve possessed at least one permanent wetland such as a
perennial river/stream and/or large water body (dam, vlei, etc.)
it was considered as having suitable habitat for a water-
associated medium to large mammal species. Results were
classified as binary indicator variables, with presence of
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permanent freshwater habitat indicated by a score of 1 and
absence by a score of 0.

Connectivity

Connectivity is comprised of both a structural and functional
component which is nearly impossible to integrate into a single
continuous numerical variable that will be relevant and accurate
to all mammal species (Taylor et al. 2006). This is especially true
where the connectivity of multiple reserves with different mam-
mal communities are considered. For the purpose of this study a
subjective categorical grouping approach was used to classify
reserves. Linear features of the landscape such as the size and
shape of corridors and the size of the land to which a corridor
connects were integrated with knowledge on the quality of both
the corridor habitat and the land to which a corridor connects.
Disturbed or transformed areas covered by non-native vegetation
were considered as functional habitat if perceived to mimic the
structure of native vegetation that can potentially provide a form
of cover to facilitate movement (e.g. stands of invasive alien
plants) or habitation.

Analyses

Only native species believed to have persisted in the reserves
despite anthropogenic pressure were included in analyses, i.e.
re-introduced or alien species were not included. Pairwise plots
and correlation coefficients were used to determine which covar-
iates may be correlated with species richness, as well as to identify
potential covariate collinearity in R v3.5.3 (R Core Team 2019).
Collinearity between covariates was tested for in the car package
(Fox and Weisberg 2019) using variance inflation factors (VIF)
with species richness as the response variable. Any covariates
with VIF scores of >5 and correlation coefficients of >0.7 were

considered to have collinearity and were modelled separately
(Dormann et al. 2013).

Because covariates contained no random effects and only
one value per site, simple linear regression models were used
to assess drivers of species richness. Linear regression models
were run using various combinations of covariates and due to
small sample size (n = 11) only two covariates were included
in each model. Models were ranked according to second-order
Akaike information criterion (AICc) calculated using the
AlCcmodavg package (Mazerolle 2019). The models with
the lowest AAICc scores (difference between the model and
lowest AICc score) were considered likely to predict species
richness (Burnham et al. 2004). P values and F-statistics were
also compared to verify which model was most parsimonious
in predicting species richness.

Non-metric multidimensional scaling (NMDS) ordination
was conducted using the vegan package (Oksanen et al. 2019)
in R v3.5.3 (R Core Team 2019) to provide a visual representa-
tion of similarities between reserves based on medium and large
mammal community structure (using Jaccard index for species
presence/absence) and non-correlated species richness predictor
variables.

Results

Sampling took place between June 2017 and February 2019
and cameras were placed at 151 different locations across the
12 reserves that cover a total area of 14,429 ha. Survey effort
culminated in 14,876 camera days (Table 2). Five cameras
were stolen from five different reserves within the sampling
period, and in these cases either a new camera was placed in
another location within the reserve for the required survey
days or the remaining cameras were left in situ for longer to

Table 2 Camera numbers, survey

days, viable camera days and the # Nature Reserve Reserve size ~ Cameras Survey days  Viable camera Months of

months a survey took place in for (ha) () () days (n) survey

each of the 12 reserves surveyed.

Reserve number (#) corresponds 1 Ultkamp Wetland 32 5 200 1000 Jul - Feb

tolegend of thelocationmap (Fig. 2 Bracken 36 5 200 1000 Jul - Feb

D 3 Kenilworth 52 5 200 1000 May — Dec

Racecourse

4 Zandvlei Estuary 200 10 100 1000 Oct — Feb
5 Wolfgat 262 10 100 1000 May — Oct
6 Tygerberg 388 9 112 1008 Jul — Dec
7 Helderberg 402 15 133 2000 Nov — Mar
8 False Bay 632 15 67 1005 Jun — Sep
9 Table Bay 880 12 84 1008 Dec — May
10 Blaauwberg 1445 15 67 1005 Sep — Dec
11 Witzands Aquifer 1700 20 100 1840 Jul - Jan
12 Steenbras 8400 30 67 2010 Mar - Aug
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make up for the lost camera days. A total of 13,360 trigger
events by medium and large mammals was recorded.

Survey effort

For Kenilworth Racecourse Conservation Area only one na-
tive species, the Cape grysbok (Raphicerus melanotis), was
recorded in 1000 camera days so no species richness curve
could be generated, nor species richness results further
analysed. Eight of the remaining 11 reserves’ species richness
estimators converged and reached asymptotes before a survey
effort of 1000 camera days were reached (Fig. 2). Steenbras
nature reserve needed 1560 days to reach an asymptote, while
the accumulations curves of Helderberg and Witzands did not

converge, nor reached an asymptote despite more than 1800
camera days of effort. Species richness estimates for these two
reserves were consequently calculated at 13 for Helderberg
and 15 for Witzands respectively by averaging richness
estimators.

Species richness and community composition

Cape hare (Lepus capensis) and scrub hare (Lepus saxatilis)
could not be reliably differentiated from infrared photographs,
so for the purposes of this study, Cape hare and scrub hare
were thus grouped as “Lepus spp.”. A total of 27 medium and
large mammals were recorded across the 12 reserves. Of these,
five were non-native species (domestic cat - Felis sylvestris
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Fig. 2 Sample-based species accumulation curves [S(est)] and non-parametric species richness estimations for each study site. The vertical dotted line
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catus, domestic dog - Canus lupus familiaris, domestic rabbit
- Oryctolagus cuniculus, domestic horse - Equus ferus
caballus, and eastern grey squirrel - Sciurus carolinensis)
and three were reintroduced native species (common eland -
Tragelephus oryx, red hartebeest - Alcelaphus buselaphus
caama and hippopotamus - Hippopotamus amphibious).
Nineteen native medium to large mammal species that are
believed to have persisted in the areas despite anthropomor-
phic pressure were recorded across the 12 nature reserves and
were used for further analysis. In the case of Kenilworth
Racecourse Conservation Area, the only recorded species,
the Cape grysbok, has been reintroduced after becoming lo-
cally extinct (CCT 2019d) and the site is consequently exclud-
ed from further discussion and analysis. Species richness of
the 19 focal species varied across the 11 remaining study sites
ranging from three (Uitkamp Wetland) to 15 species
(Witzands Aquifer) (Table 3).

More carnivore species (n=11) than herbivores (n=7)
were recorded, and only one omnivore, the chacma baboon
(Papio ursinus) was detected. Mean and median estimated
species richness across the reserves is eight species, with the
mode at five species. Cape porcupine (Hystrix
africaeaustralis) was present in all 11 reserves, with Cape
grysbok and small grey mongoose (Galerella pulverulenta)
being recorded in 10 and nine of the reserves respectively.
Klipspringer (Oreotragus oreotragus) and Hewitt’s red rock
hare (Pronolagus saundersiae) were only recorded in
Steenbras and Cape fox (Vulpes chama) only in Witzands.

Calculated species richness predictor variables

Reserve sizes ranged from 0.32 to 84 km® (mean=13.07 +
23.03) (Table 4). Area to perimeter proportions varied from
0.05 for Uitkamp to 1.69 for Steenbras (mean = 0.46 £ 0.48),
with values for the largest reserves (Witzands and Steenbras)
showing the largest area in proportion to reserve edge (>1).
Blaauwberg, Witzands and Steenbras are the only three re-
serves with an area-perimeter ratio of more than 0.6.

Habitat heterogeneity scores varied from 1.28 in Table Bay
to 0 for Wolfgat which had only one habitat type present
(strandveld). The mean habitat heterogeneity score was 0.56
+0.35. Permanent freshwater aquatic habitat was present at
seven of the 11 reserves.

Application of the connectivity criteria to the 11 reserves re-
sulted in reserves being placed in five categories of connectivity
(Table 5). Steenbras and Helderberg were exceptionally well con-
nected to additional natural habitat, forming part of the same
much larger unfragmented conserved landscape. Four reserves
had very little to no connectivity due to potential corridors being
narrow and surrounded by urban structures. The remaining five
reserves had connectivity to agricultural land exposed to different
levels of isolation, utilization and transformation that resulted in
them being divided into three separate classes.

Modelling of predictor variables and non-metric mul-
tidimensional scaling (NMDS)

Strong correlations are evident between reserve size and area-
perimeter ratio (correlation coefficients of 0.911), and also
between connectivity and area-perimeter ratio (0.742)
(Table 6). This is confirmed by the VIF scores for reserve size
and area-perimeter ratio which produce values >10, indicative
of strong collinearity (Dormann et al. 2013). Reserve size,
area-perimeter ratio and connectivity were thus modelled sep-
arately from each other. The correlation matrix also indicates a
significant positive correlation between species richness and
connectivity (0.88), as well as between species richness and
area-perimeter ratio (0.68).

Ten different linear regression models were run using indi-
vidual variables first in order to rank model fit and thus discard
the least significant collinear models, then additional models
were run using combinations of the remaining covariates
(Table 7).

The most parsimonious model explaining species richness
was connectivity (p = 0.0003). It also yielded the highest model
weight (0.860), highest F-statistic (31.34) and lowest standard
error (1.957). It was a stronger fit than the collinear covariates
of area-perimeter ratio (AAICc=9.801, model weight=
0.0.006) and reserve size (AAICc=14.172). The next best
fitting model was the combination of connectivity and perma-
nent freshwater aquatic habitat (AAICc = 5.216), but is similar
in predictive power to a combination of connectivity ratio and
habitat heterogeneity (AAICc =5.230). Both of these models
are different from the minimum AIC score by >4, thus there is
not much support for either model (Burnham et al. 2004).
Water and heterogeneity considered separately were not found
to be significant predictors of species richness (AAICc >15),
and even less so when combined (AAICc=21.061). When
richness is plotted as a function of connectivity (Fig. 3), seven
of the observed values fall within the 95% confidence intervals
of the model. The R* value 0f0.7521 and p = 0.0003 indicates a
strong and significantly positive linear relationship between
species richness and the connectivity scores.

The NMDS ordinance indicates connectivity as the stron-
gest driver of species richness (Fig. 4), and as expected asso-
ciates strongest with Steenbras and Helderberg which holds
the highest connectivity scores. These two reserves have nine
species in common, of which six (klipspringer, Hewitt’s red
rock hare, leopard - Panthera pardus, chacma baboon, honey
badger - Mellivora capensis, common duiker - Sylvicapra
grimmia) have a strong relationship with connectivity.

Uitkamp Wetland Nature Reserve, which falls into the lowest
connectivity category and has an intermediate heterogeneity
score, does not associate closely with any other reserves.
However, both freshwater habitat and the presence of large grey
mongoose (Herpestes ichneumon) make it most similar to
Table Bay and False Bay nature reserves. False Bay, Zandvlei
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Table 4  Species richness predictor variable values for the respective
reserves. Area-perimeter ratio (“A-P Ratio”) was calculated using reserve
size (km?) relative to boundary length (km), habitat heterogeneity of the
respective reserves as calculated from the proportional representation of

five different habitat types present in each reserve and expressed as a
Shannon-Wiener diversity index value, the presence-1 or absence-0 of
permanent freshwater aquatic habitat for aquatic or semi-aquatic mam-
mals are indicated under freshwater habitat (see text for more detail)

Nature Reserve Size (km?) A-P Ratio Heterogeneity Freshwater habitat
Uitkamp 0.32 0.05 0.54 1
Bracken 0.36 0.14 0.57 0
Zandvlei 2.00 0.11 0.89 1
Wolfgat 2.62 0.29 0.00 0
Tygerberg 3.88 0.22 0.62 1
Helderberg 4.02 0.36 0.29 1
False Bay 6.32 0.28 1.28 1
Table Bay 8.80 0.24 0.51 1
Blaauwberg 14.45 0.61 0.90 0
Witzands 17.00 1.09 0.13 0
Steenbras 84.00 1.69 0.47 1
Mean 13.07 0.46 0.56 -
SD 23.03 0.48 0.35 -

and Wolfgat cluster at the bottom of the plot and all three reserves
comprise of large proportions of strandveld vegetation and have
four mammal species (Cape porcupine, grysbok, small grey mon-
goose and large-spotted genet - Genetta tigrina) in common.
Witzands and Blaauwberg group together with both having no
water-associated habitat and the same high connectivity score.
Bracken, Witzands and Blaauwberg reserves have no permanent
freshwater aquatic habitat and share the rarer steenbok
(Raphicerus campestris) and striped polecat (Ictonyx striatus).

Unsurprisingly the NMDS plot shows a strong association be-
tween Cape clawless otter and reserves with permanent freshwa-
ter aquatic habitat.

Discussion

The greatest threat to biodiversity in the Cape Floristic
Region, a recognized global biodiversity hotspot, is

Table 5 Reserve connectivity

categories, category descriptions Category  Description

Nature reserves

and the reserves allocated to each
of the categories

Corridors that might allow connectivity less than 0.1 km wide at
places. Corridors flanked by urban structures. Connection leads to

Bracken, Zandvlei Estuary,
Uitkamp Wetland, Table Bay

agricultural or conserved land. Movement considered to be highly
restricted, if not impossible for most medium and large mammals.

2 Connectivity through corridors of natural vegetation 0.1 to 1 km

Wolfgat, False Bay

wide. Corridors provide connectivity between reserves and
isolated agricultural land (32 km? of predominantly vegetable
patches, but also some natural pastures). Movement within this
landscape matrix of reserves, agricultural land and even the False
bay beach front likely, but connectivity to other natural habitat

very limited.

3 Connectivity through corridor wider than 1 km. Connection leads to

Tygerberg

large tracts of agricultural land (dominated by wheat fields) within
which small patches of functional habitat exist. Movement of most
species into a vast mosaic of agricultural and, further afield, natural

land possible.

4 Direct connectivity to agricultural pasture land across shared

Witzands Aquifer, Blaauwberg

boundaries of >5 km. Agricultural pasture land comprises of large
tracks of natural habitat that can facilitate movement to extensive
proclaimed conservation areas.

5 Direct connectivity (> 5 km shared boundary) with an extensive

Steenbras, Helderberg

biosphere reserve complex exceeding 80,000 ha.
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Table6 Correlation coefficients between the response variable (species
richness) and predictor variable data ranges, namely reserve size, area-
perimeter ratio (“A-P ratio”), heterogeneity, permanent freshwater aquatic

habitat (“Freshwater habitat”), and connectivity (see Tables 4 and 5 for
values). Variance inflation factors (VIF) for each predictor variable indi-
cate covariate collinearity if greater than 5

Species Richness Reserve Size (Ha) A-P Ratio Hetero- Freshwater habitat Connectivity
geneity
Species Richness 1 - - — _
Reserve Size 0.437 1 - - -
Heterogeneity 0.675 0.911 - - -
Water —0.237 —0.097 —0.254 1 - -
A-P Ratio —0.028 0.146 —0.114 0.355 1 -
Connectivity 0.885 0.595 0.742 -0.277 —0.012 1
VIF score N/A 11.960 16.792 1.249 1.877 2.745

agricultural and urban expansion (Rebelo et al. 2011). Both of
these human activities result in the loss and fragmentation of
natural habitat, with fragments becoming increasing isolated
as anthropogenic land use expands and densifies (McKinney
2002; De Stefano and De Graaf 2003; Rebelo et al. 2011;
Pickett et al. 2011; Ramesh et al. 2016). In this study the
influence of patch and landscape level variables on the species
richness of mammals in nature reserves in the City of
Cape Town was assessed. Connectivity was found to be the
most important factor explaining mammal species richness in
the 11 city nature reserves sampled. The metric for connectiv-
ity included both structural and functional components, viz.
corridor size, matrix composition and the amount of suitable
land adjacent to the reserves surveyed. Higher values of con-
nectivity thus include larger corridors comprised of habitat
more suitable for dispersal and linkages to larger amounts of
preferred habitat (Table 5). Reserves with the highest connec-
tivity scores, characterized by long permeable boundaries
(>5 km) to mixed use landscapes or direct connections to
extensive areas of suitable natural habitat had the highest ob-
served and predicted levels of mammal species richness.

This finding supports previous research showing that the
amount of suitable habitat adjacent to a patch is important for
maintaining biodiversity (Crooks 2002; Hurst et al. 2013;

Correa Ayram et al. 2016; Fahrig et al. 2019). Access to large
amounts of suitable habitat improves both survival and repro-
duction (Jewitt et al. 2015) while large corridors allow for ease
of dispersal and the re-colonisation of small reserves that are
vulnerable to stochastic local extinction events (Tischendorf
and Fahrig 2000; Boscolo and Metzger 2011; Fahrig et al.
2019). The NMDS plot (Fig. 3) revealed the close association
between the two reserves which are well connected with large
amounts of suitable habitat (i.e. Steenbras and Helderberg)
and they have the only large carnivore remaining in
Cape Town reserves, namely the leopard present. Leopards
in particular have large home ranges (up to 900 km?) within
the Western Cape mountain habitat (Martins and Harris 2013),
and could not persist in small isolated reserves, but may pass
through them provided they are connected to larger areas with
suitable habitat. Both reserves are unusual amongst those sur-
veyed in having rugged mountain habitat which is unsuitable
for both urban and rural land uses and has been left function-
ally intact. Unsurprisingly therefore these were also the only
reserves which between them still have rocky habitat special-
ists such as klipspringer and Hewitt’s rock rabbit (Matthee
et al. 2016; Druce et al. 2009) and the more generalist chacma
baboon which shows a preference for steep slopes as a refuge
from predators (Hoffman and O’Riain 2012b).

Table 7 Models ranked
according to AICc scores and
other selection criteria (model

weight, p value, F-statistic and
residual standard error), with spe-
cies richness as the response var-
iable and area to perimeter ratio
(A-P ratio), connectivity, reserve
size, presence of permanent
freshwater aquatic habitat
(“Freshwater”) and heterogeneity
as covariates (see Tables 4 and 5
for values)

Model formula AlCc AAICc  Model P F-Stat SE
weight value

SR =B + ;Connectivity 53.213  0.000 0.860 0.0003 31.34 1.957
SR =B + ;Connectivity + 3,Freshwater 58.429 5216 0.063 0.002 13.96 2.074
SR =3 + 3;Connectivity + 3,Heterogeneity ~ 58.443  5.230 0.063 0.002 13.94 2.075
SR =, + ;A-P Ratio 63.015 9.801 0.006 0.023 7.547 3.056
SR =B + ;Connectivity + 3,Freshwater 65.739  12.526  0.002 0.011 8.168 2215
+ Bs;Heterogeneity

SR =, + |Reserve Size 67.385 14.172  0.001 0.179 2.122 3.728
SR =3¢ + 3;Heterogeneity 69.079  15.866  0.000 0.483 0.5344  4.026
SR =3¢ + 3,Freshwater 69.705  16.492  0.000 0.936 0.007 4.142
SR =3¢ + 3;Heterogeneity + (3,Freshwater 74.275  21.061  0.000 0.782 0.254 4.262
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Fig. 3 Linear model (solid line) 16
fit where species richness is a
function of connectivity (R* =
0.7521 and p =0.0003). Shaded
area indicates 95% confidence n
intervals and points indicate a 12
observed species richness values c
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Taylor et al. (1993) defined landscape connectivity as the
degree to which the landscape facilitates or impedes move-
ment among resource patches. Reserves in Cape Town that are
surrounded by dense networks of roads and residential sub-
urbs with either small corridors or corridors that required an-
imals to traverse transformed habitat (e.g. agriculture and ur-
ban land use) had lower species richness. This trend was ap-
parent for both medium sized reserves like Zandvlei and small

| |
2 3 4 5

Connectivity score

reserves like Bracken, highlighting the importance of connect-
edness relative to reserve size. It is further important to note
that Helderberg is a medium sized reserve relative to those
included in this study, but has the second highest levels of
observed and expected species richness. This is attributed to
its high functional connectivity with physical parameters (i.c.
corridor size) driving high structural connectivity and biotic
elements (i.e. natural vegetation in corridors) promoting
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Fig.4 Non-metric dimensional scaling (NMDS) plot of reserve similarity
using species presence and uncorrelated species richness predictor covar-
iates. Reserves are indicated by capital letters (red): UK (Uitkamp
Wetland), TB (Table Bay), FB (False Bay), TY (Tygerberg), ZV
(Zandvlei Estuary), WG (Wolfgat), ST (Steenbras), HB (Helderberg),
BR (Bracken), WZ (Witzands Aquifer) and BB (Blaauwberg). Blue lines
indicate the strength of predictor variables: Heterogeneity (habitat hetero-
geneity), Freshwater (presence of permanent freshwater aquatic habitat),

and Connectivity. Species are indicated in green text with abbreviations:
WDMg (water mongoose), LMg (large grey mongoose), SMg (small grey
mongoose), LSG (large-spotted genet), SSG (small-spotted genet), otter
(Cape clawless otter), porc (Cape porcupine), grysbok (Cape grysbok),
fox (Cape fox), polecat (striped polecat), hare (Cape/scrub hare), HRR
(Hewitt’s red rock hare), baboon (chacma baboon), badger (honey bad-
ger) and duiker (common duiker). A “+” indicates that species overlap,
i.e. have the same centre point
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animal movement into and out of the reserve (Taylor et al.
1993; Tischendorf and Fahrig 2000). It is important to note
that while most reserves in this study had fences demarcating
their borders, none of these were designed to prevent the
movement of any of the detected species presented in
Table 3. Rather, fences served primarily to indicate to people
that they were entering a protected area. The only exception to
this was Kenilworth Racecourse which, as a horse racing ven-
ue, must prevent access to people and domestic animals. High
walls surround the reserve separating it from the surrounding
matrix of dense urban development and roads. This effectively
makes this the most isolated of all reserves in Cape Town. It is
thus illuminating that only one species of mammal, the com-
mon grysbok, manages to survive in this urban reserve and
that is only after reintroduction (CCT 2019d).

It was predicted that both an increase in reserve size and
area-perimeter ratio would result in higher levels of species
richness. Higher species richness values for larger patches and
patches with shape characteristics that maximize suitable hab-
itat relative to edges is well supported by theory and substan-
tiated by empirical proof for a number of taxa (Diamond 1975;
Helzer and Jelinski 1999; Orrock et al. 2003; Ewers and
Didham 2007; Nams 2011; Herse et al. 2018). While both
variables were positively correlated with species richness
(Table 6) they were also collinear to connectivity which had
the strongest univariate predictive power, followed by area
perimeter ratio and then reserve size (Table 6). Models which
included these factors did not perform as well as that which
included connectivity and hence both were excluded from the
NMDS plot. Neither habitat heterogeneity nor permanent
freshwater aquatic habitat were strong predictors of species
richness in the study area.

Habitat heterogeneity showed a weak negative correlation
(—0.24) with species richness (Table 6). This contradicts a body
of literature suggesting that increased habitat heterogeneity pos-
itively influences species richness in an area (Ramesh et al.
2016; Matthies et al. 2017). While the fynbos, strandveld and
renosterveld vegetation classifications used here differ in floral
species composition and soil nutrient status, they may provide
similar structural cover (low shrubland) for species (Rebelo
et al. 2006). Separating vegetation types as fynbos, strandveld
and renosterveld in this context might thus only be relevant to
large obligate grazer species such as Cape mountain zebra that
seeks high quality grass fodder mostly associated with the more
nutrient rich renosterveld areas (Radloff et al. 2010; Watson and
Chadwick 2007). Secondary consumers such as mesopredators
and small bodied herbivores that selectively browse from only
the most nutritious parts of shrubs and forbs (e.g. Cape grysbok,
steenbok and duiker, Skinner and Chimimba 2005) might not
differentiate between the three vegetation complexes in terms of
functional habitat. Inclusion of additional parameters to define
habitat such as vegetation structure or terrain ruggedness may
therefore be more relevant when exploring species richness

@ Springer

patterns and is something that future studies should consider
including. It is also possible that in the case of mesopredators,
release from larger predators (Brassine and Parker 2012) in
addition to access to domestic and synanthropic food sources,
are such important drivers of species richness in small reserves
that the effects of vegetation type are largely negated. This
combination of factors may explain why Tygerberg, with no
apex predators and large edges with farmland that support
abundant synanthropic, domestic and exotic prey species
(Serieys et al. 2019) had the most carnivore species (n = 8).
Seasonal differences in survey time between reserves
(Table 1) could have influenced richness estimates if certain
species are only present in specific seasons, but it is consid-
ered unlikely. None of the detected herbivore species are
known to migrate on a seasonal basis and all three detected
antelope species (Cape grysbok, steenbok and duiker) hold
small permanent territories (Skinner and Chimimba 2005).
Porcupine might be drawn to reserves at times when geo-
phytes sprout (Bragg et al. 2005), but this species was found
in every single reserve except Kenilworth Racecourse which
was surveyed from May until December and thus included the
flowering spring season. The absence of easily accessible sur-
face water for drinking during the dry season (Nov — March,
Rebelo et al. 2006) might also affect some species, but the
three reserves (Helderberg, Table bay and Zandvlei) predom-
inantly surveyed during the dry period have permanent fresh-
water bodies present. Species reliant on the presence of fresh-
water aquatic habitat were accounted for in the analysis and
explains the selective presence of two water specialists viz.
Cape clawless otter and water mongoose. Curiously, large
grey mongoose clusters close to otters in the NMDS plot
(Fig. 4) but is not known to associate closely with permanent
freshwater aquatic habitat (Palomares and Delibes 1990).

Wildlife winners and losers in the development of
Cape Town

Historical accounts suggest that 40 medium and large mam-
mal species (39 if scrub and Cape hare are pooled) were pres-
ent in the general area at the time of European settlement in
1652 (Boshoff and Kerley 2001; Skead 2011). Of these, only
19 (49%) seem to have survived urbanization and managed to
persist in the City of Cape Town reserves to this day. Larger
species such as African elephant (Loxodonta afiicana), black
rhinoceros, Cape mountain and plains zebras (Equus zebra
zebra and E. quagga), lion, brown hyena (Hyena brunnea),
spotted hyena (Crocuta crocuta) and wild dog (Lycaon pictus)
were not expected to be recorded, as it is known that they were
hunted to local extinction in the 1700s (Rebelo 1992). The
absence of large mammals is also to be expected as mammals
with large body sizes tend to require large home ranges and
are thus more sensitive to habitat loss and fragmentation
linked to urban and rural development (McCleery 2010).
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This trend is particularly true for large carnivores which re-
quire extensive connected ranges to complete their life history
(Hansen et al. 2011). Hippopotamus, common eland and red
hartebeest, while reintroduced to two reserves (hippopotamus
and eland into False Bay Nature Reserve, eland and red harte-
beest into Blaauwberg Nature Reserve) (CCT 2019d) were
also not expected to have persisted unaided in local reserves
given their large space requirements.

Small grey mongoose, Cape porcupine and Cape grysbok
were recorded in the majority of reserves. Globally, species
which are able to generalize in terms of food sources and
habitat preference seem to thrive in urban areas due to varied
combinations of increased food availability and absence of
competition and predation pressure from species which are
more sensitive to reduce home ranges and disturbance (De
Stefano and De Graaf 2003; Baker and Harris 2007;
Ordenana et al. 2010; Newsome et al. 2010; Hoffman and
O’Riain 2012b; Salek et al. 2015). Cape porcupine, which
readily raid domestic gardens, and small grey mongoose,
which are able to predate on a variety of food sources includ-
ing small mammals and insects which are readily available in
transformed habitats (Cavallini and Nel 1990), probably fit the
profile of generalists. However, Cape grysbok is endemic to
the fynbos biome and is a highly selective browser (Kigozi
et al. 2008) and they may be present mainly due to the avail-
ability of fynbos-specific habitat requirements rather than be-
ing adaptable generalists. Their common occurrence across
reserves suggests that they can survive and even thrive within
small areas with some protection against anthropogenic pres-
sure. Their success may also be from reduced predation pres-
sure in small urban reserves, however caracal (Caracal
caracal), which are also present in many reserves, are known
to predate on them (Leighton et al. 2020). Additionally, if only
a lack of predators were to explain grysbok’s wide occurrence,
similar results would be expected for steenbok and duiker,
which are far less common.

Eight species that were presumed to still be present at the
start of the study based on anecdotal reports and CCT species
inventories (2012-2017) were not recorded and include grey
rhebuck (Pelea capreolus), black-backed jackal (Canis
mesomelas), bat-eared fox (Otocyon megalotis), yellow mon-
goose (Cynictis penicillata), striped weasel (Poecilogale
albinucha), aardwolf (Proteles cristata), aardvark
(Orycteropus afer) and African wild cat (Felis sylvestris
cafra). African wild cat was not expected in this study, as it
is assumed that any surviving cats within the CCT area would
have interbred with domestic cats and potentially be locally
extinct. Yellow mongoose has been anecdotally sighted at
both Tygerberg and Uitkamp Wetland nature reserves, but
has not been included in any database since 2011 and was
not recorded in the study. Aardwolf have never been recorded
on the CCT Biodiversity Database (CCT 2019d) and aardvark
have not been recorded since 2004. It may be that large-scale

development in urban areas reduce substrate for termite colo-
nies and thus deprive them of sufficient food.

Grey rhebuck had previously been reintroduced to both the
Tygerberg and Helderberg Nature Reserves to bolster popula-
tion numbers (CCT 2019d). Despite this the species was not
recorded in this study. The last anecdotal sighting in at
Tygerberg Nature Reserve was in 2017, but a local extinction
event was thought to have occurred shortly after a carcass was
found and no further observations of the species have been
made since. The current presumed presence of bat-eared fox
and black-backed jackal within the study sites is largely un-
certain as no official records have been logged in any reserve
since 2012 and 2013 respectively. Striped weasel was last
recorded on the Biodiversity Database at Helderberg Nature
Reserve in 2013 and has been recorded elsewhere in the CCT
area previously (Child et al. 2016), but it is thought that the
study sites may have been at the edge of its range as the
majority of sightings tend to occur toward the eastern bound-
ary of the CCT municipal area. It thus appears that at least
seven species that were still recorded in the past decade might
now be extinct from the surveyed nature reserves.

Conclusions

Globally the recent trend has been for smaller patches
(<100 ha) of natural habitat to be preserved as urban nature
reserves (Volenec and Dobson 2020). Species in small re-
serves are more vulnerable to both edge effects and stochastic
events which may over time reduce species richness if the
surrounding matrix is unsuitable for animal movement to or
from other patches of suitable habitat (Guirado et al. 2006;
Zungu et al. 2019). This study’s findings support a large body
of literature suggesting that maintaining species richness with-
in these small patches is best done by ensuring good connec-
tivity to suitable habitat. This suggests that natural and even
low intensity agricultural areas (e.g. vineyards) that are toler-
ant of wildlife should be prioritised for retention in the land
use matrix rather than creating narrow corridors of trans-
formed land. While acquisition of new land for expansion of
conservation areas may be difficult in an urban context, the
development of stewardship agreements with neighbouring
landowners may assist in securing existing corridors and suit-
able habitat to maintain species richness.

Small reserves and fragments tend not to support
charismatic mammalian megafauna (typically area-
sensitive and low-density species), which explains why
most species in sampled CCT reserves were small and
medium sized. Only reserves directly connected to ex-
tensive tracts of natural land (Steenbras and Helderberg)
had retained an apex predator with the result that most
urban reserves would have experienced the release of
both mesopredators and prey species with the associated
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trophic cascades (Turner and Corlett 1996; Terborgh
et al. 2001). As predicted, small sized generalists (e.g.
Cape porcupine and grey mongoose) were the most
common species and carnivores were better represented
(n =11) than herbivores (n =7), although this ratio
(1.6:1) is not dissimilar to that of species believed to
have historically occurred in the area (1.5:1)
(Rookmaaker 1989; Boshoff and Kerley 2001; Skead
2011). Habitat specialists including klipspringer and
Hewitt’s red rock hare, and Cape clawless otter and
water mongoose were only present in those reserves that
provided rocky outcrops and permanent freshwater
aquatic habitat respectively. Surprisingly a habitat spe-
cialist, the Cape grysbok, was found to be widely dis-
tributed, and seems capable of persisting in even small
fragments of natural habitat.

The study shows that while a number of historically-
occurring medium and large mammal species have already
been lost in the CCT area, close to half of these have persisted
despite urbanisation. Mammal species richness recorded in
this study varied widely within the 12 CCT nature reserves
surveyed but collectively they currently provide a refuge for
19 surviving medium and large mammal species. As natural
habitat is lost from the landscape, small reserves, in addition to
enhancing connectivity, can increase matrix quality through
the retention of natural habitat in the landscape, which benefits
species richness and abundance in reserves and fragments
(Hurst et al. 2013; Correa Ayram et al. 2016).
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