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Abstract

Generally, urbanisation affects biodiversity negatively; however, some species thrive in urban areas. One mammalian spe-
cies thriving in the urban forest mosaic landscape is the vervet monkey (Chlorocebus pygerythrus), particularly in Durban,
eThekwini Municipality, KwaZulu-Natal Province, South Africa. Vervet monkeys’ spatial use can provide important eco-
logical information to understand their behavioural plasticity in an urban forest mosaic landscape. We, therefore, captured
and collared vervet monkeys with Global Positioning System (GPS)-Ultra High Frequency (UHF) transmitters in two sites
of varying degrees of urban and natural land-use types within eThekwini. Three home range methods Minimum Convex
Polygon (MCP), Kernel Density Estimator (KDE), and Local Convex Hull (LoCoH) were used to determine individual
home range size and core area use. Home range (30.7 ha 95% KDE) and core area (6.5 ha 50% KDE) estimates were
relatively small for these vervet monkeys. Forest and thicket, and built-up habitat types were most used by vervet monkeys
across the urban forest mosaic landscape. Overall, individuals in this study showed that the vervet monkeys, regardless
of the environment, can successfully exist across the urban forest mosaic landscape. The spatial ecology of urban vervet
monkeys provides valuable information for future education and management interventions, especially where there are
negative human-monkey interactions amongst urban communities.
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Introduction

The expanding human population in municipalities is alter-
ing existing natural environments. Over half of the world’s
population lives in urban areas and could reach 2.5 bil-
lion by 2050 (UN DESA 2019). Space is a primary con-
cern as land is converted for anthropogenic infrastructure,
housing developments and agriculture (Brueckner 2000).
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Anthropogenic land-use change caused by urbanisation
threatens biodiversity and transforms wildlife habitats (Zip-
perer et al. 2000; McKinney 2006; Seto et al. 2013). Urban
areas are becoming highly modified, with complex land-
scapes and generally threatening wildlife as anthropogenic
activities increase (Bar-Massada et al. 2014; Soulsbury
and White 2016). The detrimental effects caused within an
anthropogenically transformed landscape have led to local
extinctions of endemic wildlife and an overall deteriora-
tion of ecosystem functioning (Fischer and Lindenmayer
2007; Lindenmayer et al. 2008; Magle and Fidino 2018).
Additionally, landscape modifications and disturbances
lead to fragmented populations of flora and fauna species,
causing direct or indirect changes in community structures
and or behavioural modifications (Berger-Tal and Saltz
2019). Studies reveal that the type and degree of responses
to anthropogenic disturbances are variable and species-
specific (Battin 2004; Villarreal-Barajas and Martorell
2009; Murphy and Romanuk 2012; Valiente-Banuet 2015;
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Downs et al. 2021). In urban areas, human-wildlife interac-
tions often occur between the interface of green spaces and
natural patches of habitats (Kretser et al. 2008; Soulsbury
and White 2016). As urbanisation gradually increases, the
relationship and complexity of human-wildlife interactions
increase as green spaces (primarily wildlife habitats) shrink
(McCleery et al. 2014). Therefore, it is beneficial to scien-
tists, conservation managers and policymakers to examine
the spatial ecology of wildlife species existing in urban
mosaic landscapes within green spaces (natural and man-
aged) (Skidmore et al. 2011; Magle et al. 2012; Downs et
al. 2021).

An animal’s available spatial area for its natural activi-
ties, such as foraging, reproductivity and parental care, is
defined as its home range and is important in understanding
animal ecology (Burt 1943; Borger et al. 2008). An indi-
vidual’s home range size is influenced by a range of factors,
including habitat availability, intrinsic factors (age and sex),
its internal state, feeding, biotic interactions (social inter-
actions, group dynamics, territorial behaviour) and other
external factors associated with its state and characteristics
(Borger et al. 2008; Giuggioli and Kenkre 2014). The direct
link between home range size and habitat use is movement
(Van Moorter et al. 2016). Habitat use affects home range
size and is facilitated by resource availability and distri-
bution, landscape features and climatic conditions (Van
Beest et al. 2011). Variation in home range sizes is species-
dependent and generally reflects the habitat quality where
resource-rich environments result in reduced home ranges
(McLoughlin and Ferguson 2000; Wiegand et al. 2005).
Home range and habitat use are important aspects of spe-
cies ecology to understand species’ behavioural modifica-
tions in changing urban mosaic landscapes. Radiotelemetry
has dramatically improved, facilitating the detailed study of
the behaviour and ecology of wild animals such as primates
(Cagnacci et al. 2010; Dore et al. 2020).

Among the class Mammalia, various primate spe-
cies persist in human-modified environments because of
their behavioural flexibility (McKinney 2015; McLennan
Spagnoletti and Hockings 2017). Their behavioural diver-
sity is enhanced by their use of bipedalism, brachiation
or quadrupedalism, depending on habitat type (Blanchard
and Crompton 2011). The vervet monkey (Chlorocebus
pygerythrus) (F. Cuvier 1821) is a medium-sized, highly
flexible, semi-terrestrial primate that persists despite anthro-
pogenic pressures in urban mosaic landscapes with natural
and managed green spaces in South Africa (Patterson et al.
2017; Thatcher et al. 2019a, b; Zungu et al. 2020). They
are classified as “Least Concern” in the Red List of Mam-
mals of South Africa, Swaziland, and Lesotho (Turner et al.
2016a, b) and the International Union for Conservation of
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Nature (IUCN) Red List of Threatened Species (Butynski
and de Jong 2019).

Vervet monkey habitat is broad with woodland, riverine
woodland, savanna, coastal scrub forest, and fragmented
habitats, including cultivated areas and rural and urban
environments but generally absent from deserts (Smith-
ers 2012; Turner et al. 2016a, b). These arboreal and ter-
restrial omnivorous foragers are water-dependent, feeding
on various vegetables, fruits, flowers, small insects, some
invertebrates, chicks, and eggs (Smithers 2012; Turner et al.
2016a, b; Butynski and de Jong 2019). Vervet monkeys live
in a social hierarchy of multi-male and multi-female troops,
consisting of about 30-70 individuals, having territories
with well-defined boundaries and home ranges varying
from 5 to 103 ha (Struhsaker 1967; Smithers 2012; Turner
et al. 2016a, b). Some urban areas have relatively few natu-
ral predatory threats to vervet monkeys. In the wild, they
are preyed upon by crowned (Stephanoaetus coronatus)
and martial (Polemaetus bellicosus) eagles, African leop-
ards (Panthera pardus pardus), and African rock pythons
(Python sebae) (Seyfarth and Cheney 1990; Smithers 2012;
McPherson et al. 2016; Grey et al. 2017; Naude et al. 2019).

Despite its widespread nature, the vervet monkey popu-
lation in KwaZulu-Natal Province, South Africa, has been
affected by numerous anthropogenic activities creating
human-wildlife interactions, typically human-monkey con-
flict (Seoraj-Pillai and Pillay 2017; Thatcher et al. 2019a).
They are often persecuted for crop-raiding by farmers (Sil-
lero-Zubiri and Switzer 2001; Siljander et al. 2020; Findlay
and Hill 2021) or as pests in urban, industrial, and residen-
tial gardens where there are direct interactions between
humans and monkeys (Healy and Nijman 2014; Patterson et
al. 2017; Thatcher et al. 2019a; pers. obs.). Anthropogenic
food items and supplemental feeding of vervet monkeys in
urban gardens can affect this further (Thatcher et al. 2019b,
2020). Vervet monkeys experience unnatural injuries and
deaths initiated by these anthropogenic influences and
consequential negative human-wildlife interactions (Wim-
berger et al. 2010).

Understanding how this common generalist primate spe-
cies navigates a heterogeneous, human-dominated land-
scape and uses the urban-natural mosaic landscape to its
advantage is fundamental. We investigated vervet monkey’s
spatial ecology to provide sound scientific knowledge that
can be integrated into decision-making, and conservation
targets and offer management best practice solutions to
reduce human-vervet monkey conflict, particularly in urban
areas. Our study used geospatial data and analysis tools to
understand spatial-ecological factors of vervets to address
human-wildlife interactions that influence the species across
the urban forest mosaic landscape. Our study documented
the home range and habitat use of vervet monkeys using
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Global Positioning System (GPS)-Ultra High Frequency
(UHF) telemetry transmitters (Dore et al. 2020) in areas
with varying degrees of human disturbance across the urban
forest mosaic landscape. We also compared the habitat use
of vervet monkey troops occurring in the north and south
of the eThekwini Municipality. Our study provides baseline
data for a rehabilitated landfill site (natural) and a residen-
tial area (urban) to supplement previous vervet monkey
studies in the municipality (Patterson et al. 2019; Thatcher
et al. 2019a). Additionally, limited spatial ecological stud-
ies have focused on vervet monkeys in urban-residential,
rehabilitated or natural areas; our study aimed to address
these gaps. Due to the nature and behavioural plasticity, we
predicted that the home ranges of vervet monkeys would
be larger in the Buffelsdraai rehabilitation site, which has
more natural habitat available than the intensely fragmented
urban forest mosaic of the Bluff. Additionally, we predicted
that vervet monkeys from both troops’ habitat use would
be concentrated in the fragmented forest and thicket habitat
types within their respective sites. Therefore, we expected
their habitat use to show an uneven distribution across habi-
tat types in their respective home ranges.

Gauteng

Mpumalanga

Free State

KwaZulu-Natal

Eastern Cape

Legend

Study Sites
"1 eThekwini Municipality
n KwaZulu-Natal
Il Neighbouring Countries

[ Provincial Boundaries (South Africa)

Methods
Study area

Our study was conducted in Durban, eThekwini Municipal-
ity, South Africa, at two study sites: Buffelsdraai Regional
Landfill Site and Treasure Beach, the Bluff (Fig. 1). These
areas represent the urban forest mosaic landscape that
occurs in the region.

The Buffelsdraai Regional Landfill Site (BRLS)
(-29.6306, 30.9835) is owned and managed by the eThe-
kwini Municipality. The area of importance in this study is
the conservancy area (Conservancy Registration Number
C2016/006) of the 2 km buffer zone (787 ha) around the
active landfill (116.2 ha). Historically the buffer zone was
predominantly used for sugar cane (Saccharum officina-
rum) plantations (Douwes et al. 2015). In 2008, reforesta-
tion activities of the buffer zone began with the planting of
sixty-one indigenous tree species at a density of approxi-
mately 1300 trees/ha (Roy 2016). Phase two of the forest
restoration program took place in 2016 to include existing
woodlands, forests, grasslands, wetlands, and riparian areas
(Roy 2016). Presently, there are remanent patches of undis-
turbed indigenous forest interspersed with alien invasive

Fig. 1 The study area in Durban, eThekwini Municipality, KwaZulu-Natal Province, South Africa, showing the location of the two study sites
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species and old agricultural patches (Roy 2016). The for-
est type of the site is described as Coastal Scarp and Dry
Valley Thicket (MacFarlane et al. 2011), and the vegetation
is broadly described as belonging to the KwaZulu-Natal
Coastal Belt (Mucina and Rutherford 2006). The summer
months (December-February) have the highest precipita-
tion, with an annual rainfall of approximately 766 mm. The
daily average temperatures range from 27.4 °C in summer
and 22.2 °C in winter (Roy 2016). Although people are pres-
ent in small numbers all year round, most activities occur
in the landfill, the workers’ quarters, the plant nursery, and
offices.

Treasure Beach, Bluff (-29.9466, 30.9949) to the south
of Durban is a suburban, residential area bordering the
second-largest crude oil refinery in South Africa. The Bluff
is interspersed with coastal lowland forest patches with
the Indian Ocean on its periphery. Precipitation is highest
in the summer, with an annual mean rainfall of 975 mm.
The mean annual minimum and maximum temperatures
are 16.8 and 24.5 °C, respectively (https://en.climate-data.
org/africa/south-africa/kwazulu-natal/durban-511/).  The
approximate population of residents in Treasure Beach are
30 854 (StatSA 2011).

Vervet monkey trapping, collaring and
monitoring procedures

We trapped, immobilised, and fitted vervet monkeys with
telemetry collars from July 2016 to July 2018 (Table 1).
We targeted two individuals from each troop, typically
a sub-adult male and an adult female, based on tagging
from a previous study (Patterson et al. 2019) to reflect the
troop’s spatial ecology. The University of KwaZulu-Natal
(no. 020/15/animal) provided animal ethics clearance.
Each monkey was captured using a steel walk-in cage trap
(70x60% 120 cm) with a pressure pad mechanism that trig-
gered the removable door when a monkey stepped onto it.
At dawn, cage traps were baited with commercial fruits
(bananas and oranges), peanuts, and raisins placed along
a known path that the monkeys frequented (pers. obs.). It
was unnecessary to camouflage cage traps as traps were pre-
baited seven days before a known trapping event by remov-
ing the door - this period allowed the monkeys to become
habituated to the traps by providing food. Traps were moni-
tored hourly until sunset or until a monkey was captured and
positively identified as suitable for collaring. All captured
monkeys were physically assessed and anaesthetised with
an intramuscular injection by a veterinarian using a combi-
nation of 0.2 ml/2kg Ketamine® and Domitor® (medeto-
midine hydrochloride). The effects of the anaesthetic were
reversed using Antisedan® (atipamezole hydrochloride).
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Each captured monkey was aged, sexed, weighed, and its
body condition was recorded before a transmitter collar was
fitted. Additionally, we took photographs for identification,
morphological measurements, and faecal, hair and blood
samples for DNA. The latter was for a corollary study. We
visually identified adult female monkeys (large nipples and
canine size), and subadult males were identified by ageing
their canines and smaller body size compared with adult
males. Monkeys captured that were either too young or
physically too small were released. We calculated the body
mass index (BMI) for each vervet monkey from the body
mass (in kg) divided by length (in meters) squared (Kava-
nagh et al. 2011).

The GPS-UHF telemeter collar (WW1500AS-TERRES-
TRIAL, Animal Trackem, Pietermaritzburg, and Wireless
Wildlife, Potchefstroom, South Africa) used on each vervet
monkey weighed ~ 60 g, < 2% of the body mass of individual
monkeys as recommended by Kenward (2001a, b) for ani-
mal tracking. We placed a single-finger space gap between
the collar and neck of the individual to provide for growth
or discomfort if experienced and secured with clear plas-
tic cable ties (100 mm x 2.5 mm), which break away with
time. The GPS-UHF telemetry collars were programmed to
record a GPS fix (accuracy 5-30 m) at 05h00, 10h00, 15h00
and 20h00, reducing autocorrelation effects (Streicher et al.
2020). Vervet monkeys are diurnal in nature; therefore, the
telemeters were switched to ‘sleep mode’ at night to pre-
serve battery life (Baldellou 1998). We downloaded the
GPS fixes stored on telemeters using a solar-powered GPS/
UHF receiver base station placed at a vantage point (> 6 m)
on each study site. Location data were only downloaded
when an individual was within range of the base station
(5-10 km radius). These data were then uploaded onto a
remotely accessed platform, Wireless Wildlife (http://wire-
less-wildlife.co.za/). Telemeters continued to record GPS
fixes until their battery failed. The manufacturer stated that
transmitters would function for a minimum of 12 months.
However, in our study, all transmitters failed to collect data
for a twelve-month cycle, reducing the duration of the track-
ing to seven months. We downloaded data onto a desktop
for statistical analyses.

Home range and core area estimation

We imported GPS data into ArcGIS 10.6 (ESRI, Redlands,
CA, USA) and projected these in Universal Transverse
Mercator (UTM) (WGS 1984 UTM Zone 36 S). We cleaned
the data, removing all outliers or odd GPS fixes manually
and tested for site fidelity before analyses (Laver and Kelly
2008). The home range and core area size were estimated
using three home range estimates: Maximum Convex Poly-
gon (MCP), Kernel Density Estimator (KDE), and Local
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Convex Hull (LoCoH) used at the 95% and 50% levels
(Worton 1989; Getz et al. 2007; Laver and Kelly 2008).
We calculated multiple home range estimates using the
reproducible home range (RHR) GUI package in statistical
software, R Studio (1.2.909) (R Studio 2015; Signer and
Balkenhol 2015), with hplug-in bandwidth as an appro-
priate smoothing parameter used for studying species in a
highly fragmented landscape like the urban mosaic (Laver
and Kelly 2008; Walter et al. 2011). The 95% MCPs and
95% KDEs were computed onto layers for the two study
sites and exported as maps for visual comparisons display-
ing the overlap of home ranges of individual vervet mon-
keys of the same troop.

Statistical analyses

The home range and core area estimate at 95% and 50%
levels were reported respectively for individual vervet mon-
keys collared using the three home range measures. The
overall home range estimates, overall sexes and locations
were also reported. Due to the relatively low sample size of
vervet monkeys collared, we could not do any further sta-
tistical analysis concerning home range and core area use.
Additionally, no seasonal comparisons were possible as ver-
vet monkeys were collared at random times in the year, with
collars failing to obtain complete seasonal data. The body
mass, total body length, and BMI of individual vervet mon-
keys caught during trapping were analysed and compared
according to sex and location, respectively, using an inde-
pendent sample t-test. A one-way ANOVA was applied to
determine the difference between vervet monkeys’ location
and troop size. For all statistical analyses, the means (+ SE)
were reported and computed as graphs for visual representa-
tion using STATISTICA 7.0 (Statsoft Inc. Tulsa USA).

Habitat use

Vervet monkey habitat use was determined using GPS data
obtained and habitat types documented in the two study
sites. A land-use map with a 20 m resolution from Ezemvelo
KZN Wildlife (EKZNW) was used (Wildlife and GeoTer-
ralmage, 2018). Habitat types and land use features were
reclassified into five broad land-use types: built-up, rehabil-
itated, forest and thicket, grassland and landfill and quarry
using the South African National Land Cover map (2017).
The available habitat type proportions in the respective ver-
vet monkey individual home ranges were determined using
ArcGIS 10.6. We added the GPS points from the 95% MCP
home range estimates to the reclassified land-use map to
determine habitat types for the observed locations (Streicher
et al. 2020). We assessed individual vervet monkey habitat
use as the observed proportion of locations in the respective

land-use types (Gehrt et al. 2009). We compared the habitat
use of vervet monkeys with habitat availability in the study
sites and determined the preference or avoidance of a habi-
tat type. We calculated the selection of habitat types using
the null model of the differences between the observed
and the expected based on habitat availability (Byers et al.
1984). To determine whether habitat use occurred in pro-
portion to available habitat, we used the Chi-square good-
ness-of-fit analysis, with differences at the 95-percentage
probability level, taken as indicating a significant difference
between use and availability. We considered the frequency
of the GPS fixes of each vervet monkey in the respective
habitats to represent the actual use of these habitat types.
We compared the proportion of habitat use with the propor-
tion of habitat availability with the Bonferroni confidence
interval (CI) (Bonferroni Z-statistic) to determine any sig-
nificant differences for each habitat type (Byers et al. 1984).
A significance level of P<0.05 was used to determine sig-
nificance. Lastly, we quantified each habitat type’s percent-
age use and percentage availability for the vervet monkey
population in this study.

Results
Body mass and condition

Vervet monkeys were captured in an equal sex ratio (n=10)
(Table 1). The mean body mass of captured vervet mon-
keys (n=10) was 3.9+0.39 kg. Male vervet monkeys
(4.4+0.91 kg) were, on average, heavier than female vervet
monkeys (3.4+0.80 kg); however, the difference was not
significant (t (8)=1.77, P=0.11; Fig. 2a). The mean total
body length for male vervet monkeys were significantly
larger to females (t (8)=2.43, P=<0.05; Fig. 2b). Also,
the mean BMI did not differ significantly between male and
female vervet monkeys (t (8)=3.17, P=0.41; Fig. 2c). The
mean body mass for vervet monkeys located on the Bluff
was 4.5+1.07 kg and for Buffelsdraai was 3.5+0.71 kg
(Fig. 2a). The mean total body length for vervet mon-
keys captured on the Bluff was 113.9+4.19 cm, while for
Buffelsdraai, 113.9+7.00 cm. The mean BMI for captured
vervet monkeys on the Bluff was 3.4+0.71 cm, while at
Buffelsdraai, 2.7+0.42 kg/m* There were no significant
differences between study sites for captured vervet mon-
key body mass (t (8)=1.72, P=0.12), total body length (t
(8)=0.01, P=0.99) and BMI (t (8)=2.06, P=0.07).

The overall mean troop size of vervet monkeys from
which individuals were captured in the eThekwini Munici-
pality was 29.8+4.35 (Table 1). The troop size of vervet
monkeys (n=10) was dependent on the study site (Table 1).
There was a significant difference in troop size according to
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Table 1 Details of individual vervet monkeys (n=10) captured at two study sites (Buffelsdraai and the Bluff) within the urban forest mosaic land-
scape of eThekwini Municipality, South Africa. (Ind =individual identity; Buffels = Buffelsdraai; BMI=body mass index)

Ind. Sex Age class Study site Troop name Troop size  Body mass Total body  BMI
(kg) length (cm)  (kg/m?)
VM 1 Male Adult Bluff WESSA 18 5.2 114.5 3.97
VM 2 Female Adult Bluff WESSA 18 4.7 111.5 3.78
VM3 Male Adult Buffels BD_Resident 45 4.0 123.6 2.62
VM 4 Female Adult Buffels BD_Mad 30 3.4 113.0 2.66
VM 5 Male Adult Bluff Engen 15 5.1 119.5 3.57
VM 6 Female Sub-adult Bluff Engen 15 2.9 110.0 2.40
VM 13 Female Adult Buffels BD Resident 45 3.5 105.0 3.17
VM 14 Female Adult Buffels BD_Nursery 22 2.6 112.0 2.07
VM 0 Male Sub-adult Buffels BD_ Resident 45 4.6 120.5 3.17
VM 00 Male Adult Buffels BD_Resident 45 3.0 109.0 2.53
Fig. 2 Overall mean (+ SE) of
(a) body mass and (b) total body a. 37 b 25 7 c. 347
length and (c¢) body mass index
(BMI) of captured vervet mon-
_ : H 4.5 4 —~~
keys (n=10) according to sex in g 120 4 32 4
the present study —_ 2
on ~
- = S
2 4 & £
s R | & 3]
g = 115 E’, 3
535 4 S =
3 < m
= E
3 | S 110 4 2.8 1
2.5 105 2.6
Female Male Female Male Female Male
Sex Sex Sex

the study site (F ; 3)=18.06, P=<0.05). Post-hoc Tukey
HSD indicated that the mean troop size for vervet monkeys
on the Bluff (16.5+4.04) was significantly smaller than
those at Buffelsdraai (38.7 +3.30).

Home range and core area estimation

A total of ten vervet monkeys were captured and fitted with
GPS-UHF tracking collars; however, only six had suffi-
cient data to be analysed. Consequently, we determined
home range estimates for six collared vervet monkeys (four
females and two males) from the two locations in the urban
forest mosaic landscape in eThekwini Municipality between
November 2016 and March 2018 (Table 2). These included
four females (VM2, VM4, VM13, VM14) and two males
(VM3, VMS5). The number of GPS fixes from collared vervet
monkeys ranged from 59 to 446, varying individually. Over
time the GPS-UHF tracking collars began to lose power and
eventually stopped obtaining GPS fixes (Table 2). A total of
1491 GPS fixes were recorded during the duration of this
study for the collared vervet monkeys. The mean number of
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days for reporting GPS fixes from collared vervet monkeys
was 127.3 +16.86 days (Table 2).

The three home range estimates for vervet monkeys
showed individual variations in home range and core area
size (Fig. 3a-b). The overall mean of the 95% home range
(= SE) for vervet monkeys (n=6) were 47.3+16.04 ha
(MCP), 30.7+8.10 ha (KDE), and 23.0+ 7.00 ha (LoCoH).
The overall core areas at the mean of 50% core range for
vervet monkeys using the three methods were 17.4 +£5.51 ha
(MCP), 6.5+1.44 ha (KDE) and 3.6+1.08 ha (LoCoH)
(Fig. 3¢). On average, male vervet monkeys had a slightly
more extensive home range than female vervet monkeys for
all three home range estimates (Supplementary Fig. Sla),
whereas the 50% core area for vervet monkeys showed mar-
ginally larger sizes for female than male vervet monkeys
(Supplementary Fig. S1b). Overall, the means of the 95%
home range (Supplementary Fig. Slc) and 50% core area
(Supplementary Fig. S1d) for vervet monkeys were larger
at Buffelsdraai than the Bluff (Supplementary Fig. S2).
The troops that had two individuals tracked revealed data
with similar spatial patterns, supporting that the individual
reflected the troop’s movements.
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Fig. 3 Home range of vervet 40
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landscape of varying degrees of anthropogenic activities
in the eThekwini Municipality. Harvey and Clutton-Brock
(1981) suggest Cercopithecus species have unusually small
home ranges based on their metabolic needs. In the pres-
ent study, mean home range and core sizes were small
when compared with previous vervet monkey studies in

@ Springer

South Africa (De Moor and Steffens 1972; Barrett 2004;
2009b; Willems 2007; Pasternak et al. 2013; Patterson et
al. 2019). Individual home ranges of vervet monkeys col-
lared in our study illustrated varying sizes but were similar
in the size of troops collared in the same region (Patterson
et al. 2019). Vervet monkey movements in these contrasting



Urban Ecosystems (2023) 26:1769-1782

1777

Table 3 Available and used habitat types of vervet monkey individuals in the urban forest landscape mosaic in eThekwini Municipality, South

Africa
Bluff Buffelsdraai
Monkey ID VM VM VM VM VM VM
2 5 3 4 13 14
Built-up NIL + + + + +
Rehabilitated NIL NIL + - + +
Forest and thicket NIL - + + + +
Grassland NIL - + + + +
Landfill and quarry NIL NIL - NIL - NIL

Note: “NIL” denotes no effect on used or available habitat, a plus sign “+” indicates that the ratio of used habitat was greater than the available

[T3R2]

habitat, a minus sign
habitat was in proportion (according to Chi-square test, P <0.05)

Fig.4 Overall mean percentage

(+SE) of available and used 80 1
land-use types of vervet monkeys
in the urban forest mosaic land- 70 -

scape in the present study

Percentage
N i [N
S S )

(O8]
(=]
1

10 A

indicates the ratio of used habitat was less than the available habitat, and the sign “+” indicates the used and available

@ Available
OUsed

|

Built-up  Rehabilitated  Forest &

Landfill &
quarry

Grassland
thicket

Land-use type

environments indicated different environmental structures
and human-induced activities affect these, suggesting that
the urban forest mosaic landscape impacted vervet mon-
keys’ spatial ecology. It is possible that vervet monkey
movements are based on their use of cognitive heuristics on
available resources (Teichroeb 2015). Additionally, vervet
monkey movement data displayed a distinctive home range
pattern according to location (Supplementary Fig. S1b).
Our study also showed that vervet monkeys are territorial
animals and that troops’ daily movements ranged exclusively
in specific areas. The home range for male vervet monkeys
presented slightly larger home ranges than females. Male
vervet monkeys generally explore their ranges because of
dispersal into new troops, which can occur multiple times
during their lifespan and throughout the year (Young et al.
2019). However, female vervet monkeys showed a slightly

larger range for core area use than their male counterparts.
A larger core area use can be explained by female ver-
vets exhibiting tight bonds and philopatry (Seyfarth 1980;
Cheney and Seyfarth 1990). In addition, females exhibit
familiarity with an area, frequently nursing babies, and
demonstrating to juveniles how to forage and protect young,
leading to more extensive and longer time spent in core
areas (Isbell 2004). Male vervet monkeys typically warn the
troop by being vigilant for predators, making alarm calls,
or defending territories from neighbouring troops (Henzi
1982; Baldellou and Henzi 1992; Ducheminsky et al. 2014;
Snowdon 2020). Although we did not account for the rank
of individuals collared in this study, this could have influ-
enced the observed home ranges, and future studies need
to investigate such dominance hierarchies. Vervet mon-
keys had more extensive home range and core area sizes
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in Buffelsdraai than in the Bluff study site. It was observed
in other studies that the primary factor determining vervet
monkeys’ spatial use was food resource availability linked
to anthropogenic disturbances and infrastructure (Willems
et al. 2009; Patterson et al. 2018). The Bluff is a suburban
residential area with fragments of natural space, so anthro-
pogenic infrastructure (roads, fences, telephone lines, and
residential homes) affected vervet monkeys’ movement.
Furthermore, we observed that vervet monkeys on the Bluff
were prone to dog attacks, shooting by people, and vehi-
cle collisions (Authors’ unpublished data). In contrast, at
Buffelsdraai, large forest corridors, rehabilitated old sugar
cane plots, and grasslands with reduced human presence
allowed for greater mobility by vervet monkeys (pers. obs.).

Although we did not examine food resources across
the urban forest mosaic landscape, the concentration of
anthropogenic resources in urban areas also likely con-
tributed to the decrease in home range size, as our result
suggests vervet monkeys did need to travel extensively for
food. Based on optimal foraging theory, as described by
Barrett et al. (2016), vervet monkeys are energy maximis-
ers, selecting resource items in proportion to their energy
content irrespective of the variety of resources available in
their environment. Regardless of the level of anthropogenic
disturbance in both study sites, vervet monkeys showed
considerable behavioural flexibility in the present study.
Our study suggests that vervet monkey adjusted their use
of food resources and intensively used specific areas within
their home range where the most nutrient-rich available
resources were present and predictably available, as found
in other urban primate studies (Riley 2008; Hoffman and
O’Riain 2012; McLennan et al. 2017; Thatcher et al. 2020).

In this study, we found that the troop size of vervet mon-
keys depended on location in urban-residential and the
degree of transformed natural areas. The troop sizes on the
Bluff were smaller and had smaller home ranges, whereas
the Buffelsdraai troops had larger troop sizes and more
extensive home ranges. Generally, larger troops require
large space to obtain food since intergroup competition
forces individuals to travel further and forage over a greater
area (Mikula et al. 2018; Teichroeb et al. 2015). This could
indicate food and cover resources for vervet monkeys hav-
ing larger home ranges in areas where woody plant species
and larger canopies occur, similarly observed in the vervet
monkeys at Buffelsdraai (Barrett et al. 2016). In addition,
vervet monkeys live in hierarchical social groups interact-
ing gregariously with various age classes within the troop
and communicating about predators and high-quality food
resources (Swedell 2012). However, urban vervet monkey
troops are at risk of unnatural causes and are exposed to
numerous negative human-wildlife interactions, resulting in

@ Springer

smaller troop sizes, as seen on the Bluff (Saj 1998; Wim-
berger and Downs 2010; Pasternak et al. 2013).

Our study highlighted the habitat use of vervet monkeys
across an urban forest mosaic landscape. As predicted, there
were differences in the habitat use of vervet monkeys liv-
ing in this landscape. The forest and thicket, and built-up
habitat types were used more frequently than other land-use
types in the landscape. Furthermore, habitat use of vervet
monkeys in Buffelsdraai showed extensive use of forest and
thicket habitat types than rehabilitated, landfill and quarry
areas. Buffelsdraai vervet monkeys also used built-up and
grassland habitat types in proportion to availability, possibly
maximising foraging efforts and supplementing their diets
with anthropogenic food. Habitat type for vervet monkeys
on the Bluff had minimal effect on habitat use, apart from
forest and thicket and grassland being used less than avail-
able and built-up used in proportion. The flexibility in habi-
tat use suggests that these vervet monkeys can exploit and
potentially persist in urban environments without relying
on natural habitats, as they can use managed green spaces
like gardens and parks (Patterson et al. 2017, 2018). These
results further showed vervet monkey behavioural flexibil-
ity in habitat use in an urban mosaic landscape.

South African law requires a buffer zone around an active
landfill to obscure the view and shield any odours associ-
ated with landfill operations protecting any adjacent com-
munity. Rehabilitating transformed areas at Buffelsdraai
Regional Landfill Site has been a conservation success by
increasing indigenous species richness (flora and fauna)
(Roy 2016). MacFarlane et al. (2011) reported substantially
less biodiversity in transformed areas when compared with
remnant patches of untransformed land. Although a consid-
erable proportion of the land has been converted to reha-
bilitated land, vervet monkeys still preferred forested and
thicket habitats, possibly because of a lack of competitors
and accessibility to energy-rich food resources (Isabell et
al. 1990; Saj et al. 1999). The vervet monkey collared in
the nursery troop had the smallest home range yet spent
the most time in the natural forest. With large canopy trees
and dense bush, forest productivity is important to primates
because it provides food and cover protection from preda-
tion (Horwich et al. 1993; Cheyne 2009). The habitat types
of forest, thicket, and grassland used by vervet monkeys at
Buffelsdraai exhibited the importance of the buffer zone.
Although natural food was available, this did not deter the
monkeys from foraging in built-up areas, raiding bins and
the staff kitchen, as we observed from the two troops that
shared the area at separate times and days (pers. obs.).

Two troops at Buffelsdraai (BD_Resident and BD_Mad)
displayed considerable overlap in home ranges, likely driven
by the availability of anthropogenic food resources present
at the offices on the edge of the Buffelsdraai rehabilitation
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site (Supplementary information Fig. S2). However, at no
identical time did these troops overlap (pers. obs.). Vervet
monkeys are known to demonstrate absentee ownership
of territories. Isbell et al. (2021) defined this as “territories
which are nonexclusive but may still be perceived by each
troop as sole-owned, as neighbours may only intrude when
territory owners are absent from that area”, as was evident
in our study. The rehabilitation of the landfill in Buffels-
draai appeared not directly beneficial for the vervet mon-
keys; however, it provided increased connectivity between
habitats in the adjoining landscape, facilitating dispersal
and the movement of individuals. Furthermore, increased
habitat and food available in the existing forest habitats
may increase carrying capacity and troop size. The relative
lack of human activity allows these populations to mimic
wild troop numbers (Isbell et al. 1990; Barrett et al. 2016).
However, with highly modified landscapes, vervet monkeys
will exploit and use the environment to fulfil their intuitive
nature and behaviour.

In our study, the technical limitations arising from the
GPS-UHF tracking collars yielded limited data as none of
the collars lasted the proposed twelve months. In addition,
the low success of working collars considers it necessary
to increase the sample size to understand vervet monkeys’
spatial movements comprehensively. Therefore, we recom-
mend future studies on increasing the number of remote-
tracking collars to identify fine-resolution spatial patterns
regarding seasonal variation and individual overlapping of
this primate species.

Conclusions and recommendations

The home range and habitat use of vervet monkeys liv-
ing in the urban forest interface alongside humans showed
individual variation and differences in movement patterns.
These semiarboreal primates use urban and forest habitats
while successfully navigating the anthropogenic mosaic
landscape. However, vervet monkeys in urban areas need
management intervention to reduce negative human-wild-
life interactions (Seoraj-Pillai and Pillay 2017; Thatcher
et al. 2019a; pers. obs). Possible management methods are
suggested to protect the species’ status and limit human-
monkey interaction. Including and enforcing national leg-
islation and provincial by-laws to protect the species from
human threats is crucial for regulating keeping primates as
pets, animal welfare and feeding. Implementing a complete
ban on anthropogenic food provision for primates is para-
mount to avoid unnecessary pain and suffering for vervet
monkeys caused by inevitable conflicts (pet attacks, poison-
ing or shooting). Management practices are also required
to conceal waste and human food to avoid possible raiding
events. The future of urban planning in tackling negative

human-wildlife interactions is justified through environ-
mental education of the above management practices. A
requirement of the public involves active engagement and
education on the importance and value of co-existing with
wildlife, especially with an indigenous primate such as the
vervet monkey.
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