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Abstract
Generalist wildlife species often thrive in urban environments because of increased anthropogenic resources. However, human-
wildlife interactions, especially if negative, raise concerns for urban wildlife management. An enhanced understanding of wildlife
behavioural flexibility has been suggested to be a key tool to provide educated and effective management strategies.We therefore
investigated how availability of semi-naturally occurring food affected behavioural foraging patterns of urban vervet monkeys
(Chlorocebus pygerythrus), a generalist primate commonly found in urban areas of KwaZulu-Natal, South Africa. Over one year,
we conducted 20 min. focal animal observations recording foraging behaviour and food consumption.We used a combination of
a generalised linear model and descriptive statistics to examine the relationship between anthropogenic food consumption and
semi-natural food availability. Our analyses showed that anthropogenic food consumption decreased as semi-natural food
availability increased. We also showed that increased aggression from humans towards vervet monkeys decreased time spent
foraging on anthropogenic food. Our study highlights how vervet monkeys have adapted to their urban landscape, showing
foraging flexibility in response to available food resources and the frequency of human interactions. We suggest how our results
can be applied for management recommendations, particularly controlling anthropogenic food availability and decreasing
negative human-wildlife interactions.

Keywords Ethnoprimatology .Wildlifemanagement . Human-wildlife interactions . Urban landscape

Introduction

Due to increasing human populations, almost all wildlife to-
day live in habitats that are altered to some degree by anthro-
pogenic activities (Tilman et al. 2017). Generalist wildlife

species often exploit urban environments because of increased
anthropogenic resources (Lowry et al. 2013). Consequently
the urban landscape is of particular concern for wildlife man-
agement because of increased wildlife abundance and human-
wildlife interactions (McKinney 2002; Baker and Harris
2007). Understanding how an animal persists in an anthropo-
genically disturbed environment is imperative to provide
guidance for human-wildlife cohabitation and reduce negative
interactions (Dickman 2010; Nowak and Lee 2013; Hockings
et al. 2015; Patterson et al. 2019).

An increase in wildlife inhabiting the anthropogenic dom-
inated landscape is creating a complex scale of interactions for
both humans and wildlife (Nyhus, 2016). Urban areas often
provide concentrated high value resources to wildlife that gen-
eralist species can exploit (Widdows and Downs 2016).
However, human-wildlife cohabitation can have potential
costs for wildlife such as increased aggression from humans
(Nyhus 2016), that may impose time constraints or elicit a
stress response (Kaburu et al. 2019a). The multiple facets of
human-wildlife interactions need to be considered to under-
stand wildlife behavioural flexibility for the benefit of human-
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wildlife coexistence (Thatcher et al. 2019a, b). Behavioural
ecology has been highlighted as a key tool to understand an
animal’s response to anthropogenic pressures (Jokimäki et al.
2011). An enhanced understanding of wildlife behavioural
responses to the human-wildlife interface can facilitate more
informed management strategies at an environmental level
(Sol et al. 2002; McLennan et al. 2017) and benefit ecosystem
health (Bradley and Altizer 2007; Becker and Hall 2014).

Foraging flexibility is commonly acknowledged as a key
attribute for the survival and success of urban species (Lowry
et al. 2013; Widdows and Downs 2018). Various studies have
highlighted that anthropogenic food is a key driver behind the
nature of human-wildlife cohabitation e.g. large spotted
genets, Genetta tigrina (Widdows and Downs 2015) and
woolly-necked storks, Ciconia microscelis (Thabethe and
Downs 2018). Anthropogenic food resources provide a more
reliable foraging option for urban wildlife as they are less
likely to be affected by seasonal fluctuations (Bateman and
Fleming 2012; Lowry et al. 2013). A better understanding of
wildlife’s dependence on anthropogenic food sources and po-
tential to sustain on available vegetation in the urban matrix is
necessary (Stofberg et al. 2019).

Currently, studies distinguish between natural foods, that
are wild food items grown naturally without human interven-
tion, and anthropogenic food resources, such as dumps, bird
feeders and crops that are produced or grown by people
(Freitas et al. 2008; Hockings et al. 2009; Oro et al. 2013;
Cancelliere et al. 2018; Kaburu et al. 2019b; Marty et al.
2019a, b). In comparison, the urban landscape is a complex
matrix providing a variety of food sources from human pro-
visioned food and waste, to productive and well-maintained
gardens and open spaces (McKinney 2002). Considering the
variation in anthropogenic pressures and resources, current
terminology used for wildlife living in the anthropogenic land-
scape is not transferable to urban wildlife populations. The
term anthropogenic food resources implies that the resource
is a food item for humans which has implications in terms of
human-wildlife conflict. Crops are likely to be a much more
valuable and controlled resource than for example, leisure
areas of planted habitat that have little worth as human food.
Thus, here we consider horticultural plants as “semi-natural
food”, developing on other urban literature that considers the
value of a maintained ecosystem (Pautasso et al. 2011;
Trueman 2017).

Due to their intelligence and sociality, primates pose a
complex challenge to execute effective management plans
(Woodroffe et al. 2005; Strum 2010). Research on primates
living in anthropogenically modified habitats has shown a
degree of preference for anthropogenic features, particularly
a behavioural preference for increased anthropogenic food
resources (Saj et al. 1999; Hoffman and O’Riain 2012; Sha
and Hanya 2013; Bryson-Morrison et al. 2016; Bryson-
Morrison et al. 2017; Thatcher et al. 2019b). The association

between crop availability and natural resources has been con-
sidered in primates, which show a preference for high calorie
resources (Hockings et al. 2009; Sha and Hanya 2013; Chaves
and Bicca-Marques 2016; McLennan and Ganzhorn 2017;
Cancelliere et al. 2018). However, the relationship in the ur-
ban landscape between available natural resources and anthro-
pogenic food resources for primates has not been explored.

Cercopithecoids are the most successful extant primates to
adap t to human -cohab i t a t i on (Lambe r t 2005 ) .
Cercopithecines are unique in that they possess cheek
pouches, likely an adaptive feature that is highly beneficial
in the urban landscape (Lambert 2005; Humle and Hill
2016). Vervet monkeys (Chlorocebus pygerythrus) are a
cercopithecoid commonly found throughout the urban matrix
of KwaZulu-Natal (Thatcher et al. 2018) and have been
shown to have a complex relationship with humans, raising
concerns for wildlife management (Patterson et al. 2017).
Furthermore, previous research has suggested that urban ver-
vet monkeys display foraging flexibility in the urban land-
scape (Thatcher et al. 2019b). Vervet monkeys therefore pres-
ent a suitable species to increase our knowledge of foraging
flexibility for the benefit of human wildlife management.

Understanding species dietary selection and foraging flex-
ibility is important for human wildlife cohabitation (Litvaitis
2000). Therefore, the primary objective of this study was to
increase our understanding of how semi-natural food avail-
ability influenced vervet monkey’s consumption of human-
derived food and how this may have implications for
human-wildlife management plans. We predicted that con-
sumption of human food would increase when semi-natural
food availability was low; however, we still expected there to
be a high dependency on anthropogenic food because of its
generally high calorific value (Cancelliere et al. 2018). Based
on recent studies that highlight the importance of considering
multiple dimensions of human-wildlife cohabitation
(Thatcher et al. 2019a, b), we predicted that human-monkey
aggression would impose time constraints and decrease forag-
ing (Kaburu et al. 2019a, b; Marty et al. 2019a; Thatcher et al.
2019b).

Methods

Study population

We conducted our study at Simbithi eco-estate, a 4.7 km2

private gated housing development in Durban north coast,
KwaZulu-Natal, South Africa (29.5140° S, 31.2197° E). The
estate is comprised of a variety of accommodation options
including apartment blocks, retirement complexes and general
housing within an urban mosaic. The estate has other anthro-
pogenic leisure developments including restaurants and lei-
sure facilities. The estate encourages wildlife research to help
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biodiversity management plans (Thatcher et al. 2018, 2019a,
b; Patterson et al. 2019). Residents had mixed responses to
vervet monkey presence ranging from actively encouraging
vervet proximity to humans (intentional feeding by humans)
to actively deterring vervet monkeys from human property
(human aggression).

The estate had seven known groups of vervet monkeys
(Simbithi eco-estate, 2017, pers. comm.), although this study
focused on the five groups that regularly stayed within the
borders of the estate. Group size varied from 14 to 42 individ-
uals (Ballito (14): 3 males, 6 females, 5 juveniles; Farmyard
(23): 4 males, 10 females, 9 juveniles; Savannah (25): 4 males,
10 female, 11 juveniles; Goodies (29): 5 males, 10 females, 14
juveniles; Herron (42): 5 males, 14 females, 23 juveniles)
(Thatcher 2019). Vervet monkeys were well habituated to
humans because of their regular proximity to human resi-
dences and infrastructure. All adult vervet monkeys were
identifiable via distinguishable markings; therefore, all 71
adult vervet monkeys were observed for this study.

Data collection

We collected data from March 2016 - February 2017, cover-
ing the four calendar seasons (summer: November-March,
autumn: April-June, winter: July-August, spring: September-
October) (SANBI 2017).

We used focal animal sampling techniques to observe each
individual for 20 min (Altmann 1974), noting all events when
a monkey was seen foraging (including moving objects/
searching for food before feeding) and feeding (manipulat-
ing/picking and actually eating items) (Ménard et al. 2013).
We recorded food category as either “semi-natural food” or
“anthropogenic food”. Semi-natural food was any naturally
occurring and/or managed vegetation, with food types in this
category recorded as: “fruit”, “grass”, “leaves”, “flowers” and
“other natural food” (vegetation that could not be identified or
did not fit in the aforementioned categories) as well as “inver-
tebrates”. We categorised human-derived resources as anthro-
pogenic food, with food types including: “provisioned food”
(food directly fed to monkeys from humans), “opportunistic
feeding” (anthropogenic food obtained opportunistically from
leisure facilities or waste) and “other anthropogenic-derived
food” (any occasion when a monkey was seen consuming
anthropogenic food, yet the researcher had not observed them
obtain the food so the origin was unknown, although it should
be acknowledged this could have happened prior to the be-
havioural observation).

We conducted observations from dawn until dusk (up to
8 h in winter and 16 h in summer) for a minimum of three
weeks per month. Where possible we conducted a minimum
of one observation per monkey per month, spread throughout
the day. In total 3774 focal animal observations were conduct-
ed across all groups.

As well as anthropogenic food consumption, we used all
occurrence sampling to record all negative interactions be-
tween humans and vervet monkeys during dawn to dusk daily
follows. Negative human incidents included any form of ag-
gression from humans towards vervet monkeys. We consid-
ered a negative event to be over once all parties had retreated
out of visual contact of each other and we recorded a new
event when there had been no incident in the preceding 20
min.We calculated a rate (frequency/hour) of negative human
incidents per group each month.

We calculated an estimate of natural food availability, fol-
lowing practiced phenology protocol. We conducted five ran-
domly placed walking transects within each groups’ home
range noting all specimens ≥ 10 cm diameter at breast height
(Chapman et al. 2005; Marshall and Wich 2013). We retro-
spectively identified windows of fruit and flower availability
using horticultural records for the region (Boon 2010). As in
some previous studies (Blake 1990;Wirminghaus et al. 2001),
we ranked species according to stage of development using
these same records (0 = no fruit, 1 = setting, 2 = unripe, 3 =
ripe, 4 = moribund). We added the development value of all
plants per transect, combining the five transects per group to
create a monthly semi-natural food estimate per group per
month.

Data analyses

We used descriptive statistics to show an overview of vervet
monkey diets, considering both specific food type and food
category. We calculated diet composition as a percentage fre-
quency by taking the number of times food (type/category)
was consumed during focal observations divided by the total
number of focal behavioural observations, multiplied by 100.

For behavioural data we converted the duration of foraging
per focal observation to percentage of time spent foraging per
focal observation and combined focal observation percentages
to create a monthly average per group. We conducted all anal-
yses using R statistical software version 3.3.2 (R Project 2013)
with the significance level set at P < 0.05. Behavioural data
were found to be not normally distributed by inspecting Q-Q
plots and using the Shapiro-Wilk’s test (p ≤ 0.001) (Ghasemi
and Zahediasl 2012). As data were non-normal we ran a gen-
eralised linear mixed model with a Gamma distribution using
the lme4 package (Bates 2010). We set percentage of time
foraging on anthropogenic food (per group, per month) as
the dependent variable (N = 60). We created an a priori max-
imum model that included monthly semi-natural food avail-
ability, mean monthly negative human incidents (per hour),
mean monthly group size and season as fixed effects. We
included group identity as a random effect. We calculated
the variation inflation index of each predictor for inclusion
in our model using the car package (Fox et al. 2007), setting
the inclusion level at < 3 (Zuur et al. 2010). We further
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bootstrapped our confidence intervals to test if each factor in
our model was significant; if the upper and lower confidence
intervals straddled 0 then we did not consider the variable
significant (Wood 2005). To check the assumptions of our
model were not violated we assessed the fit of each model
by graphically checking residuals for normality and using
the ‘acf’ function to test for correlation in the residuals.

Ethical note

This study was purely observational. We adhered to the legal
requirements of South Africa for the ethical treatment of pri-
mates under Liverpool John Moores University ethical permit
number NK_HT/2017-6.

Results

When considering specific food types, ‘fruit’ (30.2 ± 33.49%)
and ‘other anthropogenic-derived food’ (23.3 ± 23.21%) were
the two most commonly consumed food types (Table 1). The
greatest percentage of time was spent consuming ‘other
anthropogenic-derived food’ (44.9 ± 16.15), followed by the
other two anthropogenic food types, ‘provisioned’ (43.8 ±
13.53) and ‘opportunistic feeding’ (42.6 ± 16.30) (Table 1).

On average vervet monkeys spent a greater percentage of
time per focal observation foraging on anthropogenic food
(44.1 ± 15.93%) and less time per focal observation foraging
on semi-natural food (15.6 ± 15.71%) (Table 2). However,
vervet monkey’s consumed more natural food (61.1 ± 8.94)
in their diet than anthropogenic food (38.6 ± 8.66) (Table 2.)
Although these results seem contradictory, this is due to the
difference in measurements. Time spent foraging is measured
as the percentage of focal observation foraging (% duration),

whereas diet composition was measured as the number of
times a food was consumed per focal observation (% frequen-
cy). Therefore these results suggest that vervet monkeys spend
more time foraging on anthropogenic food, but anthropogenic
food is consumed less frequently. Additionally, our descrip-
tive data showed that the consumption of anthropogenic food
decreased as semi-natural food availability increased in the
spring and summer (Fig. 1).

We found that the percentage of time spent foraging was
significantly decreased by increasing semi-natural food avail-
ability (Table 3; Fig. 2a) and negative human incidents
(Table 3; Fig. 2b).

Additionally, our results also showed a seasonal effect,
significantly less time was spent foraging on anthropogenic
food in the summer than winter and autumn (Table 3).

Discussion

Overall our findings showed a relationship between food re-
sources (anthropogenic and semi-natural) and the foraging
behaviour of urban vervet monkeys. Our data showed that
vervet monkeys exhibit foraging flexibility in response to
available food resources.

Our descriptive data showed that vervet monkeys spent a
greater percentage of time foraging on anthropogenic food.
Previous research has highlighted that urban primates spend
less time foraging when they have access to anthropogenic
food (Saj et al. 1999; Jaman and Huffman 2013). However,
these studies are not comparable with our results as the cate-
gory and definition of natural food are not representative of an

Table 1 Mean monthly foraging patterns showing the breakdown of
food category (anthropogenic/semi-natural) into specific food types. Data
shows the mean diet composition (% ± SD) and the percentage of focal
observation spent foraging on food type (% ± SD) for five study troops of
urban vervet monkeys, Simbithi eco-estate, KwaZulu-Natal, South

Africa. Diet composition was calculated as a percentage frequency of
food type eaten per observation (frequency of food type eaten / total no.
obs) x 100 and time spent foraging calculated as a percentage (duration of
foraging per obs. / duration of obs.) x 100

Food category Food type Diet composition (% frequency) Time spent foraging per obs. (% duration)

Anthropogenic food Other anthropogenic-derived food 23.3 (± 23.21) 44.9 (± 16.15)

Opportunistic feeding 11.1 (± 10.46) 42.6 (± 16.30)

Provisioned food 4.2 (± 2.87) 43.8 (± 13.53)

Semi-natural food Fruit 30.2 (± 33.49) 16.2 (± 17.66)

Grass 20.2 (± 21.71) 16.0 (± 14.47)

Leaves 5.6 (± 6.43) 12.8 (± 10.43)

Flower 2.6 (± 0.09) 8.8 (± 5.70)

Other semi-natural food 2.2 (± 0.87) 25.6 (± 14.77)

Invertebrates 0.6 (± 0.03) 2.0 (± 1.51)
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urban dwelling primate. To our knowledge we present the first
analysis on urban primates whose available food sources are
cultivated by humans (both semi-natural aesthetic plants and
anthropogenic food sources). We suggest that time foraging
on anthropogenic food increased because this human derived
food is generally a limited high value resource and therefore
monkeys may spend more time foraging on anthropogenic
food to benefit from this unpredictable high calorie resource.

Additionally, our descriptive data showed that ‘fruit’ and
‘other anthropogenic food’ were the most commonly con-
sumed food items, likely because of the high calorie count.
When considering anthropogenic food, ‘other’ covered an-
thropogenic foraging events where the source was not seen

by the observer; therefore it is likely that this could have in-
cluded food from bins, leisure facilities or provisioning, thus
showing vervet monkeys opportunistic foraging techniques.
Direct provisioning and interactions with humans can have
potentially negative consequences for animals such as disease
transmission and habituation (Soulsbury and White 2015),
exacerbating the negative relationship associated with
human-wildlife cohabitation. Therefore, management should
make efforts to discourage provisioning within the estate and
provide guidance to residents on preventative measures for
opportunistic feeding such as reducing access by either shut-
ting windows and doors or using bars/nets to keep vervet
monkeys out of their property and reducing attraction by

Fig. 1 Mean monthly percentage (%) of time spent foraging on anthropogenic food (blue) (± SD), where the thick green line represents mean monthly
semi-natural food availability. This was based on a study on five groups of urban vervet monkeys at Simbithi eco-estate, KwaZulu-Natal, South Africa

Table 2 Mean monthly foraging patterns per group, showing both the
diet composition of the respective food category (anthropogenic and
semi-natural) (% ± SD) and the percentage of focal observation spent
foraging on food (% ± SD) across five study groups of urban vervet
monkeys, Simbithi eco-estate, KwaZulu-Natal, South Africa. Diet

composition was calculated as a percentage frequency of food category
eaten per observation (frequency of food category eaten / total no. obs) x
100 and time spent foraging calculated as a percentage (duration of for-
aging per obs. / duration of obs.) x 100

Anthropogenic food Semi-natural food

Group Group size Diet composition
(% frequency)

Time spent foraging per obs.
(% duration)

Diet composition
(% frequency)

Time spent foraging per obs.
(% duration)

Ballito 14 (± 1.17) 43.9 (± 4.18) 42.7 (± 13.49) 56.1 (± 7.49) 11.9 (± 13.98)

Farmyard 23 (± 0.25) 32.4 (± 5.03) 44.5 (± 14.13) 67.6 (± 6.63) 21.3 (± 19.83)

Savannah 25 (± 0.44) 38.2 (± 5.24 41.9 (± 16.71 61.8 (± 8.77) 18.4 (± 16.19)

Goodies 29 (± 1.32) 35.2 (± 2.17) 46.7 (± 19.41) 64.8 (± 6.98) 13.2 (± 13.84)

Herron 42 (± 1.03) 42.8 (± 7.93) 44.8 (± 15.80) 57.2 (± 9.51) 12.1 (± 11.62)

Mean 38.6 (± 8.66) 44.1 (± 15.93) 61.1 (± 8.94) 15.6 (± 15.71)
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practicing efficient food storage. Furthermore, we suggest es-
tate management should minimise anthropogenic-food con-
sumption opportunities (e.g. vervet proof refuse bins and
skips), which has previously been shown to be a successful
management plan (e.g. Strum 2010).

Our statistical analysis showed that increased semi-natural
food availability had a significant negative effect on the per-
centage of time spent foraging on human food, implying that
foraging on anthropogenic food increases when the availabil-
ity of semi-natural food decreases because of the lack of alter-
native feeding sources. Therefore, increasing semi-natural
food availability could be used as a management strategy to
decrease the percentage of time vervet monkeys feed on

anthropogenic food and increase time spent foraging on
semi-natural food. However, to implement increased vegeta-
tion as a successful management strategy, more research is
required on specific phenological foraging patterns to target
preferred plant species. Additionally, encouraging vervet
monkeys’ consumption of semi-natural food in the eco-
estate could increase conflict with humans because of the aes-
thetic value horticultural plants to residents. A further man-
agement strategy could be to create supplementary foraging
patches, providing preferred food items away from human
residences. However, supplementary food patches are known
to increase aggression and are likely to be dominated by
higher ranked individuals leading to rank dependent

Fig. 2 (a) shows the negative
effect of semi-natural food avail-
ability on the percentage of time
spent foraging and (b) shows the
negative effect of negative human
incidents per hour on the percent-
age of time spent foraging for five
groups of urban vervet monkeys
at Simbithi eco-estate, KwaZulu-
Natal, South Africa

Table 3 Results of GLMM
model of factors influencing the
foraging behaviour of urban
vervet monkeys, Simbithi eco-
estate, KwaZulu-Natal, South
Africa, March 2016 – February
2017. Model R2 = 0.69

Confidence intervals

Estimate Standard error P value Lower Upper

Intercept 2.36 0.23 < 0.001 0.09 1.03

Semi-natural food availability -0.34 0.11 0.002 -0.59 -0.09

Negative human incidents (per hour) -0.28 0.12 0.012 -0.50 -0.06

Group size 0.05 0.11 0.620 -0.16 8.41

Season

Spring - Autumn 0.720 -2.49 1.01

Summer- Autumn 0.011 -1.36 -2.17

Winter - Autumn 0.970 -1.31 0.19

Summer - Spring 0.343 -0.83 7.78

Winter - Spring 0.523 -1.29 8.64

Winter - Summer 0.008 0.40 2.01
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reproductive costs (King et al. 2008; Strum 2010; Kaplan et al.
2011), as well as increasing proximity and likelihood of dis-
ease transmission (Klaus et al. 2018). Thus, if supplementary
foraging patches are implemented effort should be made to
disperse such foraging patches as much as possible to reduce
intragroup competition.

Additionally, we found that foraging rate was affected by
seasonality, with increased foraging on anthropogenic food in
winter and autumn when semi-natural food availability was
lowest. Seasonal findings support previous research on pri-
mates living in the anthropogenic landscape, suggesting sea-
sonal foraging fluctuations in the anthropogenic environment
may be an adaptive foraging behaviour (van Doorn et al.
2010; Jaman and Huffman 2013; Thatcher et al. 2019b). We
can consider these seasonal fluctuations to makemore implicit
management recommendations. Our data showed that forag-
ing on anthropogenic food was highest in the winter months
when semi-natural food availability was low, supporting dated
research on vervet monkeys at tourist lodges (Brennan et al.
1985) and urban wildlife research (Widdows and Downs
2015). We suggest that management could therefore focus
preventative methods to reduce anthropogenic food foraging
opportunities in winter months and make residents aware of
the increased likelihood of vervet monkey presence at antici-
pated sources of anthropogenic food. Furthermore, manage-
ment could consider increasing vegetation which is mature
and fruitful during winter months. Descriptive data showed
that fruits and grasses were the predominant semi-natural food
consumed by vervet monkeys, therefore, increasing the abun-
dance of these resources in winter months within the estate
could minimise negative human interactions.

Our findings for negative human incidents showed that
increased human aggression decreased the percentage of time
spent foraging on anthropogenic food. This finding supports
previous research, which has shown that human food and
human aggression can have interacting effects on vervet mon-
keys foraging time budget (Thatcher et al. 2019b), highlight-
ing a need to consider multiple facets of human-wildlife inter-
actions within anthropogenic studies. Our results also suggest
that vervet monkey groups that receive more aggression from
humans may spend more time being vigilant whilst feeding
and therefore human-aggression acts as a time constraint,
supporting recent studies on urban macaques (Kaburu et al.
2019a, b; Marty et al. 2019a). Although our negative human
incidents results imply that increased aggression towards ver-
vet monkeys will reduce foraging, the use of aggression as a
management plan should be avoided because of welfare con-
cerns. In the effort to improve human-primate cohabitation,
research and management are collaboratively taking a step
towards identifying prevention and reduction strategies rather
than promoting direct aggression which may encourage an
antagonistic human-wildlife relationship. Additionally, prior
research has highlighted the complex relationship between

costs and benefits of urban foraging in vervet monkeys, indi-
cating that if vervet monkeys have access to high value an-
thropogenic food, then despite human-aggression, their time
spent foraging would increase (Thatcher et al. 2019b).

As human populations increase, an enhanced understand-
ing of urban wildlife ecology and consistent terminology is
critical. As has been acknowledged throughout this paper, the
definition of natural food for wildlife living in the anthropo-
genic landscape needs consideration, and we suggest moving
forward “semi-natural food” should be used within urban
ecology to refer to managed vegetation. Additionally, refined
terminology will allow for easier cross comparisons between
studies. Researchers should be mindful of our definition of
semi-natural food when applying the results to other anthro-
pogenic studies. Finally, it should be acknowledged that the
measure of semi-natural food used in this study was a retro-
spective measure and therefore not a precise representation of
vegetation available during behavioural observations. Proper
phenological assessments, such as that recommended by
Marshall and Wich (2013), should be considered before
implementing the findings of this study for management.

Conclusions

Our data can be used to suggest multiple management strate-
gies, focusing on seasonal trends in food availability, both
anthropogenic and semi-natural. It should be noted that before
implementing any management strategies that may alter for-
aging patterns of wildlife, further research is needed on poten-
tial fitness costs that may have further consequences for the
human-wildlife relationship, such as disease transmission or
reduced nutrient availability.

Data provided clearly highlight vervet monkeys apply a
flexible foraging strategy to increase calorific intake and re-
duce associated negative costs of human-wildlife cohabitation
in the urban landscape. Our research is complimentary to that
on other urban wildlife, emphasising the importance of forag-
ing flexibility to the success of urban wildlife (Lowry et al.
2013; Widdows and Downs 2018; Stofberg et al. 2019). We
provide a foundation for future research into urban wildlife
foraging patterns that will hopefully help towards managing
the human-wildlife interface in the urban ecosystem.
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