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Who is adjusting to whom?:
Differences in elephant diel
activity in wildlife corridors
across different human-
modified landscapes

Tempe S. F. Adams™**, Keith E.A. Leggett®, Michael J. Chase’
and Marlee A. Tucker?®

‘Elephants Without Borders, Kasane, Botswana, ?Fowlers Gap Arid Zone Research Station, Centre of
Ecosystem Science, School of Biological Earth and Environmental Sciences, University of New
South Wales, Sydney, NSW, Australia, *Department of Environmental Science, Radboud Institute for
Biological and Environmental Science, Radboud University, Nijmegen, Netherlands

The global impact of increased human activities has consequences on the
conservation of wildlife. Understanding how wildlife adapts to increased
human pressures with urban expansion and agricultural areas is fundamental
to future conservation plans of any species. However, there is a belief that large
wild free-ranging carnivores and ungulates, cannot coexist with people, limited
studies have looked at wildlife movements through differing human-
dominated landscapes at finer spatial scales, in Africa. This information is vital
as the human population is only going to increase and the wildlife protected
areas decrease. We used remote-sensor camera traps to identify the
movement patterns of African elephant (Loxodonta africana) through six
wildlife corridors in Botswana. The wildlife corridors were located in two
different human-dominated landscapes (agricultural/urban), with varying
degrees of human impact. While we found that elephants use corridors in
both landscapes, they use the urban corridors both diurnally and nocturnally in
contrast to agricultural corridors which were only nocturnal. Our results
provide evidence for temporal partitioning of corridor use by elephants. We
identified that seasonality and landscape were important factors in determining
the presence of elephants in the corridors. Our findings demonstrate that
elephant diel patterns of use of the wildlife corridor differs based on the
surrounding human land-uses on an hourly basis and daily basis, revealing
potential adaptation and risk avoidance behaviour.

KEYWORDS

Botswana, camera traps, conservation, human pressure, human-elephant conflict,
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01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcosc.2022.872472/full
https://www.frontiersin.org/articles/10.3389/fcosc.2022.872472/full
https://www.frontiersin.org/articles/10.3389/fcosc.2022.872472/full
https://www.frontiersin.org/articles/10.3389/fcosc.2022.872472/full
https://www.frontiersin.org/articles/10.3389/fcosc.2022.872472/full
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fcosc.2022.872472&domain=pdf&date_stamp=2022-07-28
mailto:tempe@unsw.edu.au
https://doi.org/10.3389/fcosc.2022.872472
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://doi.org/10.3389/fcosc.2022.872472
https://www.frontiersin.org/journals/conservation-science

Adams et al.

Introduction

Understanding the way different human pressures, whether
that be resource extraction, habitat depletion, urbanization or
agricultural expansion, impact the natural world is of
fundamental importance if we are going to survive as a species
(Jones et al., 2018; Gaynor et al.,, 2018a; Allen et al., 2020;
Ghoddousi et al., 2021). Habitat fragmentation and depletion of
protected wildlife areas is confining wildlife into smaller
restricted areas, which must adapt to survive (Carter et al.,
2012; Rodriguez-Soto et al., 2013; Bortolamiol et al., 2016;
Shamoon et al., 2018). Human pressures are defined as actions
taken by humans with the potential to harm nature (Martins
et al., 2012; Venter et al,, 2016). In order to create effective
conservation management, it is vital for us to understand the
impact that these pressures are having on species, and how they
are potentially adapting to those pressures, if at all (Bortolamiol
et al.,, 2016; Venter et al., 2016; Allen et al., 2020; Tiller et al.,
2021; Ghoddousi et al,, 2021). Despite this, there is very limited
wildlife research (<2%) published on urban wildlife research
globally, and the studies that are being published are primarily
conducted in North America, Europe or Australia, the areas with
the lowest rates of urbanization (Magle et al., 2012). It is
apparent there is a need for urban wildlife research to be
produced in the areas with the rapid rates of urban
development throughout Africa, central- south Americas and
Asia, which is also where the world’s highest rates of biodiversity
exist (Balmford et al., 2001).

Changing land uses and the expansion of both agricultural
and urban landscapes, are some of the most impactful human
pressures on wildlife (Venter et al., 2016). This changing
pressure is constantly impacting the functioning of the natural
environment, often resulting in species vacating areas of high
pressure by simply avoiding the area altogether, or they will
adapt to the pressure by avoiding areas of high rates of human-
wildlife interaction at times when humans are most active
(Carter et al., 2012; Gaynor et al., 2018a; Gaynor et al., 2018b;
Shamoon et al., 2018). There has been limited research that has
looked at how differing human pressures and changing land-
uses are impacting the utilization of wildlife corridors (Carter
etal., 2012; Adams et al., 2017). Wildlife corridors are often used
as key conservation tools as they allow movement between
habitat patches. These connectivity paths can facilitate human-
wildlife coexistence as they provide wildlife safe access to
required resources (Caro et al., 2009), by reducing interactions
between people and wildlife. With the increased uptake and use
of wildlife corridors all over the world, begs the question how
much surrounding human pressure can wildlife handle to
continue using the corridors and how do we factor this into
our future wildlife management plans.

The African elephant (Loxodonta africana) is a large,
charismatic, umbrella species that exhibit cathemeral diel
activity, but are also strongly influenced by human activities
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(Roever et al., 2013; Kansky and Knight, 2014; Songhurst et al.,
2016; Adams et al., 2017; Gaynor et al, 2018a; Clauss et al,
2021). These qualities make them an ideal model species to
monitor the impact of differing human-dominated landscapes
on their movements. In addition, understanding the impacts of
human pressure on elephants is of high importance, as
approximately 60% of the elephant range lies outside formally
protected areas (Wall et al., 2021).

Elephant movements need to be considered in future land-
use development plans, if they are not, then humans and
elephants will be forced into closer contact with one another,
which will result in increased negative interactions. This will
result in damage to property, competition over natural
resources, space, and at its worst, loss of human or elephant
lives (Osborn and Parker, 2003; Kansky and Knight, 2014;
Hoare, 2015; Mumby and Plotnik, 2018). These negative
interactions are largely becoming an increasingly controversial
political issue (Hoare, 2003), as elephants represent an economic
value for tourism enterprises, however living within the elephant
range especially when you feel as though you are not personally
benefitting from the elephant population can be a burden, and
resentment can grow leading to increased public pressure on
Government to develop sustainable, effective long term solutions
to reduce the conflict (DeMotts and Hoon, 2012; Gupta, 2013).

Elephant-movement behaviour is influenced by
environmental factors such as water and foraging availability
(Boettiger et al., 2011), and rainfall (Thouless, 1996).
Additionally, elephants are increasingly affected by humans
and their development into previously protected wildlife areas
(Buij et al., 2007; Blake et al., 2008; Roever et al., 2013). We have
a limited understanding of how human disturbance and pressure
influences elephants’ fine-scale movement behaviour (Graham
et al., 2009; Roever et al., 2013; Songhurst et al., 2016; Adams
et al., 2017), not only in agricultural landscapes, but also in
increasingly urbanized areas.

According to Wittemyer et al. (2008) elephants entering
communal areas have developed certain behavioural strategies to
reduce human interaction, one being that elephants tend to enter
agricultural and urban settlements at night to reduce their
chances of coming into contact with people (Jackson et al,
2008; Graham et al., 2009; Roever et al., 2013; Songhurst et al.,
2016; Adams et al,, 2017). Elephants have been shown to actively
avoid areas of human development, showing that their
movements in human developed areas were directly impacted
by human urban infrastructure (Buij et al., 2007). Similarly,
other studies have found elephant movements were impacted by
the construction of roads that acted as a barrier to elephants
(Blom et al., 2004; Blake et al., 2008). Previous research gives
evidence clearly showing that elephants avoid human
development by altering their movement patterns, as a result
these studies have stressed the need for relevant government
bodies to conserve large uninterrupted protected areas to
maintain wildlife populations (Blom et al, 2004). However,
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realistically with human pressure predicted to increase
alternative wildlife management strategies such as the
implementation and designation of wildlife corridors are
required to conserve wide ranging species long term.

To date, we have limited knowledge in comparing how
elephants use wildlife corridors and resources in areas with
different levels of human pressure. There is no evidence if they
have varying adaptive strategies based on the corridors surrounding
human pressure, this is key information for implementing
successful corridors and minimising conflict between humans
and wildlife. Based on the previous literature, we would predict
elephants would show greater avoidance where human pressure is
higher in urban landscapes by reducing their use of the corridors
compared to that of low human pressure in agricultural landscapes,
where physical development is potentially less.

Botswana has the largest elephant population in Africa with
approximately 130,000 individuals (Chase et al., 2019), together
with one of the lowest human populations of all African
countries (~2.3 million) (World Bank Database, 2019).
Botswanan wildlife management authorities are concerned
about the effect that the large elephant populations will have
on expanding urban and agricultural development, and they
predict increases in human-elephant conflict (HEC) over space
and resources (Government of Botswana, 2021). This concern
highlights the need for an improved understanding of elephants’
temporal movement behaviour and their potential level of
adaptation to increased and differing human development.
Elephants use of wildlife corridors and informed land-use
management practices are required to facilitate human-
elephant coexistence (Adams et al., 2017).

Our objective was to determine the effect of different levels of
human footprint, a proxy of human activities (Venter et al.,
2016) will impact how elephants use established wildlife
corridors. We used a series of remote-sensor camera traps, to
investigate elephant temporal corridor use moving through an
agricultural landscape compared to an urban human-dominated
landscape for over two years. We predicted that elephants would
use the corridors differently between the two landscapes in order
to minimize their interactions with people.

Materials and methods
Study area

The study was conducted in two different human-dominated
landscapes: the townships of Kasane and Kazungula, and the
farming villages of the Chobe Enclave both located in the Chobe
District (22,560 km?) (Figure 1). The Chobe District is in the north-
eastern corner of Botswana and is bordered to the north by Namibia,
and Zambia, and to the east by Zimbabwe (Garekae et al, 2019). A
total of the 70% of the district is declared protected wildlife areas:
Chobe National park 52% and forest reserves 18% (Garekae et al,
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2017; Adams et al,, 2020). There are four recognised seasons within
northern Botswana: cold dry season (May-July), hot dry season
(August-October), wet season (November-March) and post-wet
season (April) (Adams et al, 2017). There are approximately
32,700 elephants in Chobe District, with an estimated 15,000 of
them in Chobe National Park (Chase et al., 2019). Chobe district is
an unfenced area, where wildlife can move freely throughout the
different land-use designations. The elephants in the Chobe District
also move across into Zimbabwe, Zambia and Namibia.

Kasane and Kazungula (KK) are the urban centre of the
district and have a combined human population of 17,655.
However the district is experiencing a rapid human population
increase with Kazungula doubling in size from 2011-2022
(Census Office, 2022). The two towns are approximately 10
km apart from one another on the banks of the Chobe River.
Kasane township is the district administrative centre, housing
government offices, retail and industrial shopping centres and
tourism lodges, hotels and guest houses (Garekae et al., 2017).
KK are classified as urban centre (Adams et al, 2017) and
estimated Human Footprint Index (HFI) of 12-18.9 which is
equal to “very high pressure” (Venter et al,, 2016).

The Chobe Enclave (Enclave) is a community trust managed
concession which is comprised of five low density villages located
along the Chobe River floodplain. It is a seasonal floodplain
dominated by small-scale farming (livestock and crops), with
cultivation occurring in the wet season, followed by harvest in
the post-wet season (Jackson et al., 2008; Gupta, 2013). Given the
level of cultivation, proximity to the floodplain, and its location
alongside “protected areas”, the Enclave is an area of high human-
elephant conflict (HEC) (Adams et al., 2020). The area has one of
the highest dry season densities in the country with 2.94 elephants
per km? The Enclave is multi-ethnic however the BaSubiya
constitute the majority of the inhabitants of the area. The main
sources of income in the area is crop and livestock production,
tourism lodges and wage subsidies (Garekae et al., 2017). As the
Enclave is largely an agricultural area has a calculated HFI of 6.5-
7.6, which equates to a “high pressure” human footprint index,
however less than the KK index.

Unsurprisingly, the Chobe district is a human-elephant
conflict government declared hotspot with elephants being
responsible for 48% of problem animal control reports made
to the department of Wildlife and National Park (Department
Of Wildlife And National Parks Of Botswana, 2018). Elephants
travel from the protected areas Chobe Forest Reserve and Chobe
National Park through the Enclave and KK to access water on
the floodplain and in the Chobe River and to browse on
Vachellia ssp (Adams et al., 2017; Adams et al., 2020).

Monitoring

We monitored six designated (demarcated in land-use maps
of the area) and undesignated (not demarcated in land-use maps
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FIGURE 1

Maps showing the location of Chobe District within Botswana; (A) Map shows the locations of the Agricultural wildlife corridors in the Chobe
Enclave; and (B) shows the location of the urban wildlife corridors in the urban centres of Kasane and Kazungula.

of the area) wildlife corridors: three urban corridors (U) within the
KK landscape and three agricultural corridors (A) within the
Enclave (Ministry of Lands, Housing and Environment, 2000). All
the corridors have similar geographical attributes, with elephants
travelling from the Kasane and Chobe Forest Reserve through the
corridors to access the Chobe Floodplain/river. They also all have
a sealed road passing across each of them.

The urban corridors are located within the townships of
Kasane and Kazungula. The Ul corridor (length ¢.750m,
minimum width of c¢. 3 m) is designated as in an open space
recreation area. It runs from outside Kasane to the Seboba
Recreational park on the Chobe River, and is in proximity of
fishing, religious ceremonies, commercial businesses and a bar.
Both corridor U2 (length c. 1,700m, minimum width c. 250) and
U3 (length c. 1,700m, minimum width 250 m) are located
between Kasane and Kazungula. The corridors run alongside
the two largest commercial farms in the area. The end point of
the corridors is natural hot spring that flows out to the Chobe
River, which is a popular fishing and recreational site (Adams
et al,, 2017). The urban corridors were monitored between 1
November 2012- 30 April 2014.

The agricultural corridors in the Enclave were located between
the villages of Muchenje, Mabele and Kavimba. A1 (length c. 1,200m,
minimum width c. 30m) is located on the edge of village of Muchenje
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and five photographic safari lodges, it runs from the top of a ridge
from the Chobe Forest Reserve down through the community area
ending out on the Chobe River Floodplain. Corridors A2 (length c.
1185, minimum width c. 30m) and A3 (length ¢. 1000 m, minimum
width c. 40m), are located between the villages of Mabele and
Kavimba, they also run from Chobe Forest Reserve and open out
on the Chobe River Floodplain, are surrounded by crop fields and
cattle Kraals. The agricultural corridors were monitored between
during 11 May 2016- 10 August 2019.

Camera trap surveys are a popular technology which is
increasingly used as a non-invasive tool to determine wildlife
presence in high pressure human environments (Adams et al,
2017; Allen et al., 2020). We monitored the elephants’ presence
in the corridors by installing one Bushnell Trophy Cam Brown
HD (119437C) camera traps (Bushnell Corporation, Overland
Park, USA) in each corridor (Carter et al., 2012; LaPoint et al.,
2013; Adams et al,, 2017). Cameras were attached to trees or
wooden poles, c. 1.0-1.8 m above the ground, facing towards the
most frequented used pathway that is used by elephants. Images
were downloaded on a weekly basis. The cameras were triggered
by motion and were set to continuously over for 24 hours with a
3 second interval between captures. For each photograph, we
recorded the time, date and number of species in the image. Both
elephant family units and bulls were recorded.
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Data analysis

For all analyses, we classified a detection event as a photo capture. As
our focus was on corridor use by elephants and how human activities
influence this, we only included photos where an elephant or a human
was present. Photos within 5 minutes of each other were considered one
detection to avoid pseudo-replication. As activity patterns were similar for
the three urban, and the three agricultural corridors (Figure S1A, B), we
combined the detections across all corridors for each area to examine
elephant and human activity patterns.

Daily activity distribution

The timestamps of the independent photo captures were used to
examine the 24-hour activity distributions. We used kernel density
estimation to estimate the activity patterns and to quantify the
overlap in elephant activity patterns between the urban and
agricultural corridors. We used the ‘overlap’ package (Ridout and
Linkie, 2009) in R v3.6.0 (R Core Team, 2019), which fit the data to a
circular kernel density and estimates the activity level at each time
period of the 24-hour cycle. We then compared the activity patterns
between the urban and agricultural areas to get a coefficient of
overlap, where 0 represents no overlap and 1 represents complete
overlap. Bootstrapping 10 000 activity estimates, we estimated the
95% confidence intervals for the coefficient of overlap (Ridout and
Linkie, 2009). The detections of elephants and humans in both the
agricultural and urban corridors were larger than 75, so we used the
Dhat4 overlap estimated according to Ridout and Linkie (2009). As
we also had data on humans in all the corridors, we ran the daily
activity and overlap analyses again, but this time comparing activity
patterns between elephants and humans. We did this for the urban
and the agricultural corridors separately.

Daily corridor use

Using the independent photo capture data, we recorded a
single count of presence (1) or absence (0) for each day in each
corridor. We used binomial linear mixed effects models to
examine the presence or absence of elephants across the urban
versus agricultural corridors. We included area (i.e. agriculture or
urban) and season as predictor variables. We also included an
interaction term between area and season to test for differences in
elephant presence across the seasons between the agricultural and
urban corridors. Corridor ID and year were included as random
effects. Significance was determined for all analyses when p<0.05.
Binomial models were run using the ‘ImerTest’ package
(Kuznetsova et al., 2017) and model predictions were estimated
using the ‘effects’ package (Fox & Wiesberg 2018; 2019).

Results

We recorded a total of 26,023 images of elephants and
humans across the six corridors. A total of 5,956 images were

Frontiers in Conservation Science

05

10.3389/fcosc.2022.872472

captured in the urban corridors and a total of 20,067 images
were captured in the agricultural corridors. For the final diel
activity analyses (i.e., after selecting images > 5 minutes apart),
we had 661 elephant detections and 550 human images in the
urban corridors, and 3772 elephant detections and 528 human
images in the agricultural corridors. For the daily corridor use
analyses, we had a total of 2976 daily elephant presence values
(agriculture n = 1987 and urban n = 989). There was a significant
difference in elephant presence in the corridors between the
different land-uses at different timescales (Table 1; Figure 4A).

Diel activity patterns

Diel activity of elephants differed between the urban and
agricultural corridors, with a 67.8% (CI 64.0 — 70.2) overlap in
the hourly temporal activity of elephants between the two land-
use types (Figure 2). Elephants in the agricultural corridors were
more nocturnal, with peaks in activity after 18:00 and before
06:00. In the urban corridors, elephants were active during the
entire day. The differences in activity patterns between the two
areas may be related to humans (Figure 3). Figure This was
particularly strong for the agricultural corridors with only a 9.1%
overlap in activity between humans and elephants (Figure 3A).
In the urban corridors, the activity patterns overlapped 26.8%,
indicating a reduction in the avoidance of humans (Figure 3B).

Daily corridor use

The daily presence of elephants in the corridors differed
between the urban and agricultural landscapes, with a higher
probability of presence in the agricultural corridors (56%)
compared with urban corridors (32%) (Table 1; Figure 4A).
Across all corridors, there were seasonal difference in elephant
presence (Table 1), with higher probability of presence during
the hot-dry season (69%) and the lowest probability during the
wet season (38%). There were also seasonal changes in elephant
presence within the agricultural and urban corridors (Table 1,
Figure 3B). The highest probability of elephant presence in the
urban corridors was during the post-wet season (48%), and the
lowest during the cold-dry and wet seasons (both 44%). In the
agricultural corridors, the highest probability of presence was
during the hot-dry season (76%) and lowest during the cold-dry
season (25%). Overall, there were general trends of higher
probabilities in the agricultural corridors across the seasons
compared to the urban corridors, except for the post-wet season.

Discussion

The results of this study explored how elephant movements
are impacted by differing forms of human pressures and
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development in the Chobe District in northern Botswana. A
major finding is that land-use seemingly affects diel use of the
corridors by elephants. The results show that elephants in urban
and agricultural landscapes have different diel activity patterns
of use while moving through the wildlife corridors. Elephants in
agricultural areas are utilizing the wildlife corridors
predominantly nocturnally, between 1800 and 0600, when
humans are less active. Comparatively the elephants tend to
use the urban corridors throughout the day, even with
overlapping human presence.

We did see overall that the agricultural corridors had a
higher presence of elephants compared with the urban corridors.
This could be due to the agricultural landscapes being less
developed with less infrastructure such as roads and buildings

and a lower human pressure measure than that of the urban
landscape. This could also be due to the corridors in the
agricultural land-use simply have increased open space, so
there is physically more space for the elephants to pass
through. As the area is made up of undeveloped land open
cattle grazing land, fenced crop fields, kraals and low density
villages (Figure 1) However, elephants need to balance this with
the high risk of interacting with humans while moving through
an agricultural landscape. It seems to overcome this, elephants
are using the corridors at night to minimise the risk.

The elephant’s nocturnal patterns of use of the agricultural
corridors are consistent with other elephants’ crop-raiding
behavioural studies (Gunn et al., 2013; Shamoon et al., 2018;
Tiller et al., 2021). Elephant crop-raiding behaviour is widely
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Temporal activity and overlap (kernel density) between elephants (grey broken line) and humans (black line) in (A) agricultural (9.1% overlap CI
5.4 — 8.5) and (B) urban areas (26.8% overlap Cl 21.1 — 27.9). The grey shaded areas represent the overlap between the two distributions.
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understood to be predominately a nocturnal activity. This is due
to elephants avoiding the height of human activity and the risk
of increased visibility (Gunn et al., 2013; Tiller et al., 2021), this
could be the case for elephant use of the wildlife corridors
through the area. However, the seasonal pattern of the
elephant corridor use in the agricultural landscape was not
consistent with crop maturation, unlike Snyer et al. (2019)
study, which showed elephant movements through the
agricultural areas in the western Serengeti increased at the
time of crops maturing. Crops mature and begin to be
harvested in the Chobe enclave between April-June, there
appeared to be no increase in elephants use of the corridors at

that time (Adams et al., 2020). This would indicate that the
elephants do not increase the use of corridors at crop maturing
time of year with the intent of raiding crops.

Buchholtz et al. (2021) found that elephants selected water
access points in areas with less human development to navigate
through agricultural areas, and it was suspected that this was an
avoidance strategy to avoid interacting with humans. A study
conducted by Gaynor et al. (2018a) revealed a strong effect of
human daily patterns on wildlife temporal movement patterns.
Overall, animals increased their nocturnality by an average
factor of 1.36 in response to human disturbance, where the
urban environment had the highest ratio compared to any other

TABLE 1 Model coefficients, standard errors (SE), p values, sample sizes and variance explained (marginal and conditional R2) of linear mixed
effects models predicting mean daily elephant detections (elephant detections divided by sampling days).

Estimate (95% CI)

Intercept

Urban

0.123 (-0.441, 0.688)
-1.231 (-2.153, -0.309)
1.114 (0.848, 1.379)
-0.345 (-0.728, 0.037)
-0.358 (-0.586, -0.13)
-0.089 (-0.582, 0.403)
1.392 (0.719, 2.064)
0.458 (-0.031, 0.948)

Season (Hot_Dry)

Season (Post_Wet)
Season (Wet)
Urban*Season (Hot_Dry)
Urban*Season (Post_Wet)
Urban*Season (Wet)

N 2976
R2 Marginal 0.132
0.201

R2 Conditional

z-value p
0.429 0.668
-2.618 0.009
8.221 <0.001
-1.768 0.077
-3.086 0.002
-0.356 0.722
4.057 <0.0001
1.835 0.066

Predictor variables included fixed effects for corridor type (agriculture or urban), season (Cold_Dry, Hot_Dry, Post_Wet, Wet), and an interaction between season and area. The model also
included random effects accounting for the corridor (corridor ID: A1, A2, A3, U1, U2, U3) and year (year that the photo was taken). The agricultural corridors and the Cold_Dry were the
reference levels for the categorical variables for corridor type and season, respectively. Bold text indicates significance p < 0.05.

Frontiers in Conservation Science 07 frontiersin.org


https://doi.org/10.3389/fcosc.2022.872472
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org

Adams et al.

human disturbance (Gaynor et al., 2018a). Previous research
supports the hypothesis that elephants alter their movement
behaviour to reduce the risk of encountering humans by being
most active in human-dominated areas when humans are least
active (Graham et al., 2009; Gunn et al., 2013). This is consistent
with our findings on the elephant movement behaviour in the
agricultural corridors, however, this is not the case for the urban
corridors. This indicates that not all human activities pose the
same risk as one another.

The perceived level of threat of different human activities
could be reflected in the elephant’s use of the corridors. Human-
wildlife conflict is a hugely complex area of research where the
human-human conflicts are often the underlying drivers of the
conflict, whether it be between authorities and farmers or
different cultural groups (Dickman, 2009; DeMotts and Hoon,
2012). Previous research has established that the response of
people to conflict incidents with elephants can reflect humans’
attitudes towards the animals (Dickman, 2009). These attitudes
often reflect the level of threat or loss an individual suffers
through living in the same space as these animals, such as
reduced crop yields or damage to property. To minimise
interactions with humans, elephants can avoid areas of high
risk, where the presence or absence of elephants in an area
changes throughout the day (Jachowski et al, 2013; Gaynor
et al., 2018b; Tiller et al., 2021). The concept of understanding
risk, as well as reactions to it, is heavily influenced by humans’
social and cultural perceptions, values, and history (Dickman,
2009). Differences in the elephant movements between the urban
and agricultural landscapes suggest that the urban environment
of Kasane and Kazungula presents a less risky environment to
the elephants despite the increased human pressure. Adams et al.
(2017) found that the elephants slow down their movements in
the urban corridors and spend high quantities of time within the
urban environment, further indicating that these urban areas are
a low fear-based landscape. Compared to that of the Enclave
where there is no overlap of time between humans and
elephants. As previously discussed the Enclave is an
agricultural conflict hotspot in Botswana, where often farmers
resort to shooting at elephants in an effort to deter them from
entering their crops (Gupta, 2013), it is for this reason this area
could potentially appear riskier to the elephants. In order to
better understand the level of perceived risk for people in
association with elephants a social survey could be conducted
throughout the settlements of KK and the Enclave, determining
peoples tolerance, opinions, and perceptions towards elephants
and how they behave and react to an elephant when they interact
with them. A study of this nature could give further explanation
for why elephant movement behaviours differ in the different
human land-uses, and whether a difference in people’s attitude
could be directly related to the different ways elephants move
through the same occupied area.

It appears elephant presence in both types of corridors is also
influenced by seasonality and rainfall in the area. Overall, the
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elephants had a higher presence in the hot dry season rather than
the wet, which due to the elephants need to access the Chobe
river to drink (Adams et al., 2017). Although the urban corridors
saw a peak in activity in the post-wet season, we are still unsure
of why this is occurring, however it is thought to be associated
with resources such as fruiting marula trees in the area.
African countries must balance urban and agricultural
development goals with the maintenance of wildlife
conservation areas (Buij et al., 2007; Carter et al,, 2012), if they
want to have any biodiversity and ecosystems. Designation and
maintenance of wildlife corridors can be the fundamental
wildlife management tool to allow both development and
conservation to continue. Our study highlights the
functionality of both urban and agricultural corridors in
facilitating elephant movements through differing human
pressured environments. Wildlife corridors are crucial for
effective conservation in allowing connectivity through
different human-dominated landscapes (Kiffner et al, 2016),
however, corridors are being blocked with increased changes in
surrounding land-uses. Increasing our understanding of how
different land-uses and human pressures impact wildlife use of
an area is fundamental to the future implementation of them as a
form of wildlife management (Ghoddousi et al,, 2021). Our
study highlights the need to consider wildlife diel activity
patterns in differing human-dominated landscapes for
conservation and environmental management planning
(Shamoon et al,, 2018). This research gives further evidence
highlighting the need for transparent documenting of human
pressure within and around protected wildlife areas is now more
critical than ever, to assist in the conservation of species.
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