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Abstract: Knowledge on interference competition between species, particularly for scarce crucial
resources, such as water, is a topic of increasing relevance for wildlife management given climate
change scenarios. This study focuses on two sympatric canids, the African wolf and the side-striped
jackal, to evaluate their group size and spatiotemporal activity patterns in the use of a limited resource
by monitoring artificial waterholes in a semi-arid environment located in Senegal (West Africa).
Remote cameras were deployed at five artificial waterholes to evaluate the number of individuals,
age and activity patterns of resource use. African wolves (n = 71; 31% of all carnivore detections) and
side-striped jackals (n = 104; 45%) were the most detected carnivore species. While both canids tended
to occur alone at waterholes, they showed an evident monthly variation in group size. Both species
showed a high activity overlap, with a bimodal activity pattern in waterhole use. However, we found
evidence of unidirectional spatiotemporal avoidance, suggesting African wolves might be dominant
over side-striped jackals. Our findings provide useful insights to investigate niche partitioning on the
use of limited resources and have conservation implications for regions with a prolonged dry season.
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1. Introduction

Describing and understanding animal activity can yield crucial insights into key factors affecting
animal life, which can be relevant to understand wildlife ecology and to develop conservation
plans [1,2]. Animal activity patterns are regulated internally by an endogenous clock but can be
influenced by masking factors which may distort the main rhythm [2]. Masking factors can be
both abiotic factors, such as light intensity and temperature, and biotic factors, such as human
disturbance or intra and interspecific interactions [2]. Hence, activity patterns can be partly adjusted
according to environmental conditions [1]. Interspecific interactions play a particularly important
role in shaping behavioural patterns, which may be adjusted to maximize energetic gains and
other biological needs, while reducing individual costs such as agonistic encounters with potential
competitors and predators [1]. Competition among individuals can be expressed in two forms:
(i) exploitation competition, whereby one species reduces the availability of a shared resource to the
other; and (ii) interference competition, by which one species limits the other’s access to shared resource
through behavioural interactions [3]. Although exploitation competition is more commonly studied,
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interference competition can be just as important and even more costly, either through physical injury,
interspecific killing or through reduction in food intake rate [4], with potentially profound consequences
to the structure of animal communities [5,6].

The scarcity of vital resources induces wildlife competition, which is likely to lead to interference
behaviour [5]. When a vital common resource has limited geographic distribution, temporal segregation
in its use can be a crucial mechanism allowing sympatric species to coexist [7]. The Sahel ecoclimatic
zone in Africa comprises a semi-arid environment, characterised by little productivity and low
species densities [8]. Species occurring in this region are useful models for investigating the effects of
extreme environments on biodiversity as their range and foraging behaviour are greatly determined
by climatic constraints [9] and ecological gradients [10], especially under the climate change scenarios
which are predicted to be particularly impactful in the Sahel ecoclimatic zone [8]. During the
dry season, water availability becomes a particularly limiting factor, and both wildlife and livestock
converge at waterholes to maintain their hydric homeostasis [11]. Reduced water availability has the
potential to lead to interference competition as a means of securing access to this vital resource [5,12].
Thus, the Sahel ecosystem provides a perfect setting to investigate wildlife interactions when forced to
spatially converge at waterhole sites [5]. However, few studies have addressed interspecific interactions
focusing on this African bioregion.

Canids are a well suited group to study interference competition as ecologically similar species
tend to occur in sympatry, are often widely distributed, inhabit a wide variety of habitats and
have a high flexibility in their ecological requirements [13,14]. The African wolf (Canis lupaster)
and the side-striped jackal (Canis adustus) are two poorly studied species with a wide distribution
but a limited range overlap, particularly in West Africa [13,15]. These two canids have a similar
body size [16,17], exhibit a generalist diet consisting of small-sized vertebrates [18–20] and have
predominantly crepuscular and nocturnal activity patterns [19,21]. The African wolf has become
a newly recognized taxon, as recent evidence has confirmed its evolutionary differentiation from
the Eurasian golden jackal [15,16,22,23]. Thus, many aspects of African wolf biology across its
entire range are almost unknown and are considered research priorities [15]. The side-striped jackal
is also recognized as one of the less studied extant canids worldwide, lacking basic knowledge
on its biology and ecology across most of its range [13,19]. In fact, the few available studies on
African wolves and side-striped jackals focusing on traits such as activity patterns, socio-biology
and reproduction, came from East Africa, which comprises a small fraction of their distribution
range [15,19,24]. Furthermore, there is also limited knowledge on the ecological interactions between
these two species due to the limited extent of areas where they occur in sympatry as well as to the
remoteness and political instability of the countries where these species co-occur, particularly along
the Sahel ecoclimatic zone [13,24]. Since the area where these two canids occur in sympatry coincides
mostly with semi-arid environments [13,19], interference competition for limited resources, such as
surface water, is expected to affect their behavioural ecology. Consequently, acquiring ecological
and behavioural knowledge regarding the interspecific interactions in water use, particularly in the
semi-arid environments of West Africa, is mandatory to properly manage both wildlife and natural
resources, especially in the light of ongoing climate change and human encroachment in wilderness
areas [5,11,25].

In this study, we comparatively assess the group size and spatiotemporal activity patterns of the
African wolf and the side-striped jackal at artificial waterholes in a semi-arid environment located in
Senegal (West Africa). We hypothesize that these species should segregate around waterholes as a way
of reducing competitive stress by minimizing the likelihood of potentially agonistic encounters.



Diversity 2020, 12, 477 3 of 12

2. Materials and Methods

2.1. Study Area

Our study was conducted in the Ferlo Nord Wildlife Reserve (central Senegal, West Africa; Figure 1),
a protected area with 487,000 ha and dominated by Sahel’s natural vegetation consisting of dry grassland
with scattered trees and bushes, which in some areas can form dense patches of arboreal vegetation [26].
The area is covered predominantly by sandy soils with small amounts of clay [27]. There are few
permanent settlements inside the reserve and the neighbouring areas (average human population
density of 5 inhabitants/km2) and livestock is the main economic source [26]. Camera trapping
was carried out in 5 artificial waterholes (average distance between surveyed waterholes = 9.8 km;
max. = 17.9 km; min. = 0.8 km), which were located inside the 84,000 ha core central area under
strict protection of the Ferlo Nord Wildlife Reserve, where human population is scarce and habitat is
best preserved.
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Figure 1. Distribution of the African wolf (Canis lupaster) and the side-striped jackal (Canis adustus) in
Africa, and their range overlap (darkest grey) (source: https://www.iucnredlist.org/) (A). Location of the
study area in Ferlo Nord Wildlife Reserve (Senegal, West Africa) (B) and the positions of the 5 artificial
waterholes monitored by camera-trapping (C).

Sahel’s climate is characterized by high temperatures all year round with a short wet season
(July to October) and a longer dry season that can last up to 8–9 months (November to June). In the
Ferlo region, annual rainfall ranges from 120 to 880 mm, with an average ranging from 400 to
500 mm [28].

2.2. Data Collection and Analysis

We collected data through camera-trapping during field expeditions by placing a total of 5 passive
infrared-triggered cameras (ScoutGuard SG550) near 5 artificial waterholes (one camera per waterhole),
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which were constructed for wildlife conservation purposes. We placed all cameras in trees at
approximately 150 cm off the ground and programmed the cameras to record high resolution videos
(720 × 480) with 1 s trigger time. We set the cameras during the dry season within different time
intervals ranging from May 2011–June 2011 and from October 2011–March 2012, comprising a total
trapping effort of 329 night-traps (Figure S1, mean trapping effort per camera = 66 ± 42 night-traps).

For each detection record, we recorded the date, time, species, age and number of individuals.
We based species identification on morphological characters as described in field guides and other
literature with wildlife pictures or drawings (e.g., [17,19]). We classified age as “adult” or “pup”
(<6 months old) based on body size and morphological traits. We considered detection records as
distinct when recorded at >5 min intervals between videos, and as independent when recorded at
>30 min intervals (∆t ≥ 30 min), unless individuals were unambiguously identified [29,30]. We only
used independent events for all subsequent analyses.

Data analyses comprised the calculation of detection rates (number of independent records/total
trapping effort) per 100 night-traps. For both canids, we based the examination of group size on the
number of detected adults and pups. We also assessed temporal variation in the number of detected
individuals by every month in which cameras were active.

We estimated the activity level, defined as the proportion of time an animal spends active in
a diel cycle, by fitting a circular nonparametric Von Mises kernel probability density function to the
radian-transformed detection records, regarded as a random sample from the underlying continuous
temporal distribution describing the species’ true activity pattern [29,31]. We obtained standard errors
by nonparametric bootstrap resampling with 500 iterations [31,32] and used the Wald statistic to
assess the difference between probability density functions describing the two species’ activity levels,
tested on chi-square distribution with 1 degree of freedom [32].

We estimated the temporal segregation in waterhole use by African wolves and side-striped
jackals through the coefficient of activity overlap (∆), applied to kernel probability density functions.
This coefficient ranges from 0 (no overlap) to 1 (complete overlap), and describes the degree of similarity
between the two kernel density curves [29,31]. Therefore, it indicates the relative likelihood that
the two species are simultaneously at waterholes [31]. Following [33], we considered waterhole use
overlap as “low” if ∆ < 0.66; “moderate” if 0.66 ≤ ∆ < 0.76; and “high” if ∆ ≥ 0.76. We used the
Mardia–Watson–Wheeler test (MWW test; [34]) to assess the significance of the differences in the
diel waterhole using patterns between our target species [7]. We performed all activity estimation
calculations using the package “activity” [35], whereas the MWW test was performed with the “circular”
package [36], both in R software [37].

We estimated spatiotemporal segregation using a time-to-encounter approach, following [38].
Firstly, we created a matrix of species encounters organized by camera-trapping station, date and time.
For every detection record, we calculated the minimum time to the subsequent detection between
both species. We generated the expected statistical distributions of time-to-encounter by randomly
assigning encounter times in 1000 simulations. Thus, by comparing the median observed
time-to-encounter with the simulated expected statistical distributions, we determined whether there is
segregation (i.e., larger observed time-to-encounter than expected) or association (i.e., smaller observed
time-to-encounter than expected) between both our target species.

3. Results

3.1. Detection Rates of Carnivore Species

We obtained a total of 1438 camera-trapping videos comprising animal events in which 708 were
independent detection records. Independent records included several groups: livestock (n = 251; 35%),
carnivores (n = 232; 33%), birds (n = 212; 30%) and small mammals (n = 12; 2%) (Table S1). Eight carnivore
species from five Families (Canidae, Felidae, Mustelidae, Viverridae and Hyaenidae) were detected,
of which African wolves (21.6 records per 100 night-traps) and side-striped jackals (31.6 records per
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100 night-traps) were by far the most frequently detected, comprising 31% (n = 71) and 45% (n = 104)
of all carnivore records, respectively.

3.2. Canid Group Size Near Waterholes

Adults were the most commonly detected age class for both canid species. Pups were only
recorded for African wolves, comprising 18% (n = 13) of this species’ detections.

Group size varied from 1 to 4 individuals for African wolves, and from 1 to 2 individuals for
side-striped jackals, with single individuals comprising most records for both species, i.e., 73% (n = 52)
and 79% (n = 82), respectively. The maximum group size was composed by two adults and two pups
for African wolves, and by two adults for side-striped jackals.

Single African wolf individuals were most commonly detected from November through to January,
with groups of more than two individuals being most commonly detected in February and March,
due to the recruitment of pups (Figure 2). For side-striped jackals, both single individuals and pairs
were more frequently detected in December.
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based on detection rates (number of independent records/total trapping effort) per 100 night-traps by camera
trapping near artificial waterholes in the Ferlo region (Senegal).

3.3. Canid Activity Patterns Near Waterholes

African wolves and side-striped jackals tended to spend an equivalent amount of time active at
waterholes, although the latter appeared to reveal a tendency to use this resource for slightly longer
during the day (Table 1). However, both species showed a high activity overlap (∆ = 0.85), with a bimodal
activity pattern in waterhole use. African wolves and side-striped jackals exhibited a clear crepuscular
pattern in waterhole use, with less intense activity during mid-night time. There were slight differences
in the patterns of waterhole use by these two canids as African wolves appeared to reach their activity
peak earlier at sunset and later at sunrise than side-striped jackals; however, these differences were not
significant (Figure 3).
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Table 1. Activity level (proportion of time spent at waterholes) and estimated coefficient of
activity overlap (∆) between African wolves and side-striped jackals based on detection records
by camera trapping near artificial waterholes in the Ferlo region (Senegal). CI: Confidence interval, W:
Mardia–Watson–Wheeler test statistic.

Species Activity Level (h) 95% CI W p-Value

Canis lupaster 11.7 ± 1.6 7.5–13.5
Canis adustus 12.3 ± 1.5 8.4–14.1

Difference −0.7 ± 2.2 0.09 0.77
Activity overlap (∆) 0.85 67.05 2.75 × 10−15
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Time to species detection differed (Figure 4). The observed amount of time for side-striped-jackal
detection was 21.6 h after African wolves, and the opposite occurring after 13.4 h. The probability of
obtaining a longer time period to detect side-striped-jackal after an African wolf detection was 71%,
whereas the opposite was only of 12%. These results indicate that side-striped jackals took a longer
time than expected to be detected at waterholes upon a previous detection of African wolves while the
opposite did not occur.
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4. Discussion

Our results provide valuable insights into the group size and activity patterns of two poorly
known canid species, when occurring in sympatry and using a limited resource. We found that
both African wolves and side-striped jackals use waterholes most frequently alone, although the
former species also occurred in small family groups. Our findings are consistent with previous
reports [13,17,19,21] describing both canids as mostly solitarily foragers despite occurring in pairs or
family groups, with the basis of the group unit being the mated pair, which can be stable over several
years [19]. In our study area, temporal variations in group size for African wolves are consistent
with what would be expected from the reproductive behaviour of this canid. All detected pups were
estimated to be 2–3 months old, resulting in an estimated birth season during November–December.
This seasonality is consistent with previous reports from Tanzania, where mating typically occurs from
October to December, and births in December through to March [39]. African wolves are reported to
give birth to their young in dens where parents and helpers feed and guard their offspring during pup
dependency [39,40]. Furthermore, males also provide for their mates during pregnancy and both the
breeding male and helpers provide for females during lactation [39,40]. Therefore, we hypothesize
that during the early breeding season (November/December) single individuals were detected more
frequently in our study area because females could be in den sites nursing new-born pups. Towards
January and February, the frequency of detection of groups of two adult individuals increases, as the
breeding pair would begin to forage together to provide food for pups in the den and as they grow,
pups started being included in foraging movements leading to the larger groups detected in March.

Alloparental behaviour, in which yearlings remain with their parents to help raise younger siblings,
has been suggested to occur in many canid species, including African wolves and side-striped
jackals [19,41–43]. However, our data from the Ferlo region do not support this evidence as only
two adults, presumably the breeding pair, were detected alongside the pups. This result could be
related to the limited availability of food resources in the semi-arid environment of our study area,
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as larger group sizes including the presence of helpers are frequently related to regions with high
productivity and abundant prey [19,39,40,44].

For side-striped jackals, litters of four to six pups have been reported to be born from August
to November in Southern Africa [19,43,45]. Despite pup mortality being considered high in this
canid [19], we speculate that the lack of side-striped jackal pups’ detection is likely related to a late
breeding season occurring in the Ferlo region due to differences in the reproductive period between
the northern and southern hemispheres, rather than a true absence of reproduction. A late breeding
season may explain the absence of pup detections during our sampling period (i.e., until March),
as by this time pups would still be dependent, not moving with the adults far from the den site.
Therefore, our findings may suggest a possible shift of reproductive behaviour between the two
species in our study area. However, the absence of data regarding the reproductive behaviour of
side-striped jackals, particularly in West Africa, prevents us from drawing sustained conclusions.

Our results suggest for both canids a clear avoidance of mid-day and early afternoon activity
at waterholes, presumably because of the high temperatures reached during daytime as reported in
other mammalian carnivores occurring in semi-arid environments (e.g., [46–48]). The nocturnal and
crepuscular waterhole use by both African wolves and side-striped jackals is congruent with previous
studies addressing patterns of circadian activity in both canid species. African wolves are known to
be mainly crepuscular, but show flexible activity patterns as they may be active during the day in
areas of low human disturbance or high food availability [19–21]. Side-striped jackals are considered
to be primarily nocturnal [19], although they can adapt their activity patterns if persecuted or to
reduce interspecific competition [19], as shown in areas of East Africa where they occur in sympatry
with black-backed jackals (Canis mesomelas) [24]. Accordingly, in our study area we also found some
evidences of spatiotemporal segregation between side-striped jackals and African wolves co-occurring
at artificial waterholes.

Overall, we found a high activity overlap between African wolves and side-striped jackals
during the use of a shared limited resource, apparently contradicting our initial hypothesis in
which we expected our study species to segregate around waterholes to reduce competition.
However, our time-to-encounter results suggest differently, indicating the occurrence of some
spatiotemporal avoidance with side-striped jackals taking longer than expected to be detected
after the occurrence of African wolves while the opposite did not occur, suggesting African wolves
to be the dominant species. Previous studies [47,48] on waterhole use by carnivores in semi-arid
environments have reported little or no evidence of interference competition, presumably due to
their reduced water demand, especially when compared to desert herbivores [47]. More widely,
another study of African carnivores [6], which included the African wolf and side-striped jackal,
suggested that interspecific competition is highly important for a large number of species. In particular,
both canids were amongst the most vulnerable species in regard to the potential of having their
resources stolen by competitors [6]. Thus, temporal or spatial segregation can be a good strategy
to minimize agonistic encounters, as already reported in several studies regarding carnivore niche
overlap and resource partitioning [3,14,20,49]. Accordingly, our results suggest a unidirectional
spatiotemporal segregation relationship, with side-striped jackals tending to avoid agonistic interactions
with African wolves, supportive of some degree of resource partitioning as a result of interference
competition between our study species.

As climate change progresses, arid ecosystems are expected to have increasing temperatures
and aridity, which will likely contribute to turn water into an even more limiting resource [50].
In fact, forecasted changes in rainfall variability and in annual rainfall, which is predicted to decrease,
are reported to have a strong impact in the Ferlo region [26]. As water availability decreases and
aridity increases, a higher dependence of wildlife on the few remaining waterholes is expected [5].
Although wildlife species occurring in the Sahel ecoclimatic zone have always struggled with low water
availability [8,26], the increasing loss of this major selective resource in these semi-arid environments
might pose additional challenges for all wildlife and further increase competitive stress near the
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available water resources. These effects, coupled with human population growth and increased conflicts
between wildlife and human activities (such as livestock production), will lead to an urgent need for
a deeper knowledge on wildlife interactions near water sources as well as the implementation of specific
conservation measures, such as the construction of artificial waterholes for exclusive wildlife use.

5. Conclusions

Based on our findings, we describe African wolves and side-striped jackals as mostly solitary
with nocturnal and crepuscular diel activity when using waterholes in a semi-arid environment.
However, we found some spatiotemporal segregation, suggesting the occurrence of unidirectional
interspecific competition for a shared limited resource, with African wolves being the dominant species.
To our knowledge, our study provides the only available camera-trapping data on African wolves
and side-striped jackals in the Sahel ecoclimatic zone of West Africa. This approach allowed us
to address knowledge gaps in group size, breeding phenology and activity patterns of these two
species when in sympatry, providing relevant and innovative data that enhances the biological
knowledge and supports conservation actions for these poorly known canids. Our findings and
methodological approach also provide useful insights for future wildlife studies investigating niche
partitioning on the use of limited resources. Furthermore, as an important conservation action,
our study highlights the need of constructing artificial waterholes in regions with a prolonged
dry season. Additionally, our camera trapping approach allowed reporting the presence of several
regionally endangered carnivores in West Africa [19] at waterholes, such as Serval (Leptailurus serval),
Caracal (Caracal caracal) and Stripped Hyena (Hyaena hyaena), which highlights the relevance of the
Ferlo region for wildlife conservation in Senegal and, more generally, within the Sahel ecoclimatic zone.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/12/477/s1,
Figure S1: Temporal variation in sampling effort by camera-trapping (A) and sampling effort for each of the
5 cameras placed near artificial waterholes in Ferlo (B), Table S1: Total number of independent records and
detection rates (number of independent records/total trapping effort) per 100 night-traps for each recorded species
considering carnivores, small mammals, birds and livestock, obtained by camera trapping near artificial waterholes
in the Ferlo region (Senegal).
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