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Interspecific interactions of commensal non-native species such as domestic dogs and livestock with native
wildlife are evident issues in protected areas (PAs). We studied spatiotemporal interactions by combining
camera trap photographic sampling over three years. We used a generic multiseason occupancy and co-
occurrence analysis and kernel density estimates of temporal activity. We accumulated a total of 1,305 and
1,557 independent photo-captures respectively for non-native and carnivore species during 26,216 trap
nights. We found that non-native and carnivore species did not show substantial changes in occupancy
rate over time. Yet both kinds of species were frequently detected. Carnivores had lower values of
occupancy equilibrium than non-native species in seasons one and two. Domestic dogs directly occurred
with native carnivores (except with leopards in season one), while the human and livestock presence
displayed direct (Species Interaction Factors > 1) and indirect (Species Interaction Factors close to 1) co-
occurrence, respectively, with the leopard and two mesocarnivores. The leopard cat was the least spatially
influenced carnivore by the non-native species interactions. Furthermore, the leopard had higher temporal
overlap (high A,) with all non-native species than the leopard cat and red fox (low A,). Our study exposes
the negative impact of free-ranging non-native species across this protected area on native carnivore
occupancy. An evaluation of the interconnections among non-native and carnivore species across diverse
PA management regimes is crucial to develop robust landscape-scale conservation strategies.

Key words: Conservation and management, Non-native and carnivore species, Overlap, Protected area,
Spatiotemporal patterns.

BACKGROUND Mwakatobe et al. 2013). Protected areas have proven

to be effective in protecting species’ habitats from land-

Protected Areas (PAs) are the most widely-known use changes occurring outside of the protected areas

and well-accepted strategy for protecting ecosystems (Andam et al. 2008). They represent one of the most
and biodiversity (Chape et al. 2005; Dudley 2008,; significant global surface areas dedicated to a common
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goal (after areas used for food production), that of
preserving global biodiversity (Palomo et al. 2014).
In their regular management, PAs typically face many
difficulties (Cromsigt et al. 2013; Zaman et al. 2020).
One of the most common issues is human interactions
with wildlife, which can manifest in different forms
(Treves and Karanth 2003; Okello et al. 2014) and often
generates misunderstandings between PA managers
and the local population. Carnivores need large living
spaces for their daily activities, which include hunting
and walking (Treves and Karanth 2003). To meet these
needs, large carnivores typically use resources outside
of PAs (Hansen et al. 2002; Treves and Karanth 2003),
potentially bringing them into contact with human land-
use activities such as livestock and crop production
(Morehouse and Boyce 2017). Conflicts between non-
native and native carnivore species can lead to large-
scale ecosystem disturbances.

The presence of non-native species in PAs poses a
threat to native carnivorous species in both space usage
and temporal activities. The human activities within and
around PAs within landscapes lead to the presence of
domestic dogs (Farris et al. 2017) and livestock species
(Vanak and Gompper 2010), which have harmful
consequences on wildlife. The most cited effects of
this include carnivores preying upon invasive livestock
(Treves and Karanth 2003), causing non-native species
to destabilise (Morehouse and Boyce 2017), and
spreading diseases to native carnivore species in the
PAs (Okello et al. 2014). They also create edge effects
and habitat fragmentation (Gerber et al. 2012a; Sleeman
2013; Vanak et al. 2013; Brodie et al. 2015; Chanchani
et al. 2016). Non-native species (especially carnivores)
often significantly increase pressure on native carnivores
by modifying their spatiotemporal activity patterns and
habitat use (Gerber et al. 2012b; Farris et al. 2015) and
decreasing prey availability (Young et al. 2011). When
non-native species are livestock, native carnivores
can alter their natural diet because herds will seem
like easy prey (Okello et al. 2014; Ciucci et al. 2018).
Cited effects (disease transmission, spatio-temporal
destabilisation, prey decrease, preying on livestock) can
lead to decreased carnivore survival within the habitat
and generate negative consequences on the whole
landscape with the reduction of the carrying capacity
in the ecosystem. Carnivores are greatly sensitive
to disturbances inside and outside of PAs and are
negatively affected by edge effects and human presence
(poaching or human-wildlife conflict) occurring around
PAs (Wearn et al. 2012; Sleeman 2013; Hua et al. 2020).
Therefore, carnivore population wellbeing is expected
to be driven by species-specific tolerance to micro-
environment change, habitat fragmentation and PA edge
effects, human presence, non-native species density,
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and prey availability. All these facts are essential in and
around PAs and must be well managed to ensure species
sustainability (Farris et al. 2017).

The Tieqiaoshan Provincial Nature Reserve
(TPNR) contains some of the largest North China
leopard (Panthera pardus japonensis, Gray 1862)
populations in China (Vitekere et al. 2020a; Zhu et al.
2021). Most of the North China leopard populations
are within 22 Nature Reserves situated in the Taihang
Mountains and some nearby regions (Song et al. 2014),
but most of these PAs have not been surveyed and
accurate population estimates are lacking.

Thus, little is known about this leopard sub-
species living in a guild with two mesocarnivores, the
leopard cat (Prionailurus bengalensis, Kerr 1792) and
the red fox (Vulpes vulpes, Linnacus 1758), within the
TPNR ecosystem (Hua et al. 2020). This landscape
hosts a considerable human population density
(local people), with livestock activities facilitating
the invasion of the integral conservation zone of the
TPNR by dogs, livestock, and humans (e.g., Farris et
al. 2017). Few studies have examined the conservation
status of these carnivores and the effects of non-native
species introduced by the shepherds in the PAs. Hua
et al. (2020) highlighted the effect of human presence
on the detectability of these carnivores. Still, the long-
term effects and the coexistence with non-native species
remain unstudied within the TPNR landscape.

We carried out a multi-year study on the
coexistence between non-native species—the domestic
dog (dog), livestock and herdsmen (human)—and native
carnivores—North China leopard (leopard), leopard cat
and red fox (fox)—within TPNR, one of the Taihang
Mountains landscapes. We first hypothesized that
carnivores would not depict the stability of occupancy
contrarily to non-native species’ over the years. We also
hypothesized that all three native carnivores would have
a real coexistence defined as “apparent co-occurrence”
or “direct interaction” with non-native species, and they
would portray increasing Species Interaction Factors
(SIF: a parameter describing the spatial interactions
of two species in an area, previously computed by
Alexander et al. (2016) and Farris et al. (2020))
over the years. Human detection, particularly, would
markedly affect native species since the two others
(livestock and dog) are human presence-dependent.
We finally hypothesized that non-native and carnivore
species would not temporally overlap, since non-native
and native carnivore species diurnal and nocturnal,
respectively.

Studying these multi-year spatiotemporal
interactions in a landscape with human invasion
(bringing invasive species) will help assess the
effectiveness of management policies for the
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conservation of these carnivores in TPNR. The findings
of this work will provide further suggestions to improve
strategies for sustainably managing PAs that host non-
native species.

MATERIALS AND METHODS
Study Area

The TPNR is a reserve in China that hosts the
North China leopard sub-species. This PA has GPS
coordinates: 111°25'E to 114°17'E and 36°39'N to
38°06'N (Fig. 1), with an elevation ranging from 1300
to 1827 m. The TPNR is a Protected Area, approved
by the provincial administration by document No. 124.
Officially established in 2009, this PA was assigned a
total of 353.52 km’ (Zhu et al. 2021) divided into an
area of integral protection (139.5 km?), a buffer zone
(74.2 km®), and a multi-use zone. The annual average
of rainfall varied from 500 mm to 700 mm, with heavy
rains in the period July-September (Hua et al. 2020).
This area did not present high daily and yearly thermal
amplitude, with mean temperatures of 10°C and 6°C,
respectively (Zheng et al. 2009). One of the principal
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characteristics of this PA is that it hosts humans (Zhu
et al. 2021), an estimated 2,000 of them, meaning that
the PA had always experienced disturbances from
humans (Hua et al. 2020). A significant part of the area
is a mixture of primary and secondary forests, and
the remaining parts are shrubs. Wildlife is abundant
within the PA, including mammals (carnivores: leopard,
leopard cat, fox, badger, etc.; artiodactyl: many kinds
of deer and the wild boar), and a diversified fauna of
reptiles, amphibians, and birds (Song et al. 2014).

Methods
Data Collection

We collected data on the presence and absence
of three native carnivore species and three non-native
species for a total of 383 days over 3 years: 130 (March—
July 2017), 119 (September—December 2018) and 134
(March—June 2019), comprising three sampling periods
(SP,, SP,, and SP,) and two interseasons (IS, and IS,),
according to Farris et al. (2017). We used two brands of
cameras: the Eastern Red Hawk E1B 6210M (Shenzhen
Ereagle Technology Co. Ltd, Shenzhen, China) and
the LTL6210MM (LTL Acorn Trail Camera, United

Shanxi Province
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Fig. 1. The data collection sites within the Tieqiaoshan Provincial Nature Reserve and villages housing herdsmen in and around the Protected Area.
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Kingdom). Both brands were triggered remotely by
an infrared sensor to record animal activity, following
Karanth et al. (2003) and Swann et al. (2011). SP,
contained 81 cameras while SP, and SP, contained 62
cameras. Cameras were deployed within 27 4 km x
4 km quadrants in the study area, attached to trees at an
average height of 0.5 m. Each data collection site had
two or three cameras installed to face each other. Where
possible, cameras were placed on trails, but otherwise
they were placed at points thought to maximise the
visibility of the animals. Cameras were set to capture
data with the time and date automatically displayed
on the photos (e.g., Barrull et al. 2014). Each camera
operated for at least 100 consecutive days in each
sampling period.

Data Analysis
Spatial patterns

We first aggregated data from more than 100 days
of capture within each sampling period into multiple
shorter intervals. In SP, and SP;, each survey (sampling
occasion) was two weeks long, while in SP, is was 10
days. This data aggregation allowed standardisation of
the three sampling periods (e.g., Bu et al. 2016; Farris
et al. 2017) and provided multiple surveys within each
sampling period, as required for occupancy modelling
(Alexander et al. 2016; MacKenzie et al. 2006). We
considered a species to be detected if it was present at a
site in an interval of aggregated days. Otherwise, it was
not detected.

We then performed two different occupancy
analyses to investigate interactions between native
carnivore and non-native species: the multiseason
occupancy and the multiseason co-occurrence analyses.
Occupancy analysis is based on collecting occurrence
data for studied species within data collection sites.
Species can be imperfectly detected; therefore, n sites
are visited on ¢ sampling occasions, and the presence/
absence of each targeted species is recorded on each
occasion (MacKenzie et al. 2003). We used the software
PRESENCE (version 5.8 < 130315.0823 > by James
E Hines). This modelling using presence/absence data
for different species allowed us to estimate changes in
occupancy for all species over three years to test if there
is an apparent spatial co-occurrence between native
carnivores and non-native species, and finally to assess
the influence of non-native species on the occupancy
and detection probabilities of native species.

In the first step (multiseason occupancy),
parameters estimated can depict variations across
time: the probability of occupancy (i), the probability
of detection (p), the colonisation rate (y), and the
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local extirpation rate (¢); all estimate values were
accompanied by their standard errors. We estimated
these parameters to determine the general trend of
site occupation of species across years. Following
MacKenzie et al. (2006), two derived parameters were
also computed for the interpretation of the occupancy
dynamics: (1) the rate of change in occupancy:

’
t

_ Vi /(l'l///ﬂ)

(eq, MacKenzie et al. 2006)
Wt/(l"z”t)

(2) the occupancy equilibrium:

Wequitibrium = ¥/ (Y T €) (eq, MacKenzie et al. 2006)

In the second step (multiseason co-occurrence),
we computed the co-occupancy and co-detection
parameters (Table 1), and the SIF (¢). This latter
parameter describes the species’ interactions in an area,
where ¢ < 1 indicates no interaction or avoidance, ¢ > 1
indicates direct interaction or apparent co-occurrence
and ¢ = 1 indicates independent or indirect co-
occurrence (Alexander et al. 2016; Farris et al. 2020).
We then used the Chi-squared test of independence
to verify if the occupancy of a carnivore computed as
single species is independent from the same species’
occupancy in a co-occurrence (two species) pattern.

Temporal patterns

The time that a species was captured was
automatically stamped on species photographs. We
removed any subsequent photos of the same species
at the same site that occurred within 30 minutes to
minimize pseudo-replication biases (e.g., Monterroso
et al. 2013; Sunarto et al. 2015; Farris et al. 2017).
All photos of a species remaining in the dataset after
the application of this filter were considered to be
independent observations. We compared the day and
night visibility of species by calculating the proportion
of detections that occurred in two intervals: 06:00—18:00
for daytime and 18:00—06:00 for night-time to test
the species’ “nocturnality.” A species was categorized
to prefer night-time or daytime when its detection
rate was > 70%, respectively, in the 06:00-18:00 and
18:00-6:00 time interval (e.g., Dias et al. 2018; Hua
et al. 2020). To analyze the temporal activity overlap
between non-native species and native carnivore, we
calculated the kernel density estimates (KDEs) using
the R package overlap (Oliveira-Santos et al. 2013;
Meredith and Ridout 2014). We assessed the temporal
overlap coefficient (A,) to compare activity patterns
of all pairwise species combinations of non-native
species and native carnivores. The overlap coefficient
is a metric that ranges from zero, meaning the absence



Zoological Studies 60:52 (2021)

of overlap, to one, meaning complete overlap (Linkie
and Ridout 2011; Meredith and Ridout 2014). As our
sample was large (n > 75), we estimated the overlap
coefficient using the estimator Dhat4 (e.g., Guerisoli et
al. 2019) denoted A,. We computed the 95% confidence
interval (hereafter, 95% CI) from 999 bootstrap samples
to obtain this estimator’s precision (Dias et al. 2019;
Mori et al. 2020). The species’ overlap coefficient was
considered low if A, < 0.50, intermediate if 0.50 < A,
< 0.70, and high if A, > 0.70 (e.g., Monterroso et al.
2014).

The spatiotemporal value (STV) for species’
interactions

We wanted to use an approach that explore
species’ spatiotemporal overlap, which was depicted
with both non-native species and native carnivores
within the study area. At this end, we made a
combination of results from spatial patterns; multiseason
two-species co-occurrence analysis and the temporal
activity overlap between these two kinds of species.
The first parameter used was the SIF. We combined
it to the temporal overlap coefficient (A,) performed
from the kernel density estimator. Both SIF and A,
are probabilities, thus the probability of SIF “and” A,
implies multiplication. Therefore, we computed the STV
by multiplying the SIF value by the A, value i.e., STV
= SIF * A,, as previously used by Farris et al. (2020).
These two parameters (SIF and A,) varied between the
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different paring species (non-native species and native
carnivores). This combination was useful as sites that
have a temporal activity overlap among species are
not clearly defined. Also the spatial co-occurrence
analyses of species can display bias, particularly when
considering that investigated sites may be occupied by
one or both species (for the paring species used), but
these two species can be undetected. Such cases can
imply the imperfection detection concept of MacKenzie
et al. (2006). Accordingly, the STV shows a degree of
overlap for each species pairing, thus 0 designates no
overlap for both spatial and temporal patterns and as
the STV rises this confirms the aggregation of spatial
and temporal overlap, which depicts direct interactions
between species (Farris et al. 2020).

RESULTS

Overall Trend in Capture and Multi-Year Changes
in Species Estimates

For non-native species, investigations in the TPNR
produced over the three seasons a total of 526, 631, and
145 independent photographs of human, livestock, and
dog, respectively. For carnivore species, there were 128,
154, and 412 independent photos of leopard, leopard
cat, and fox, respectively. In total, the survey lasted 383
days, used 205 cameras, and yielded 26,216 trap nights.
The overall trap success rates (which is the total number

Table 1. Parameters computed in the multiseason co-occurrence models to verify the effect of the invasive species’
presence on the occupancy, detection, colonization, and local extirpation of carnivores in the Tieqiaoshan Provincial

Natural Reserve (Par: Parameters)

Par Definitions

Ve The probability that species B initially occupies the area, given that species A is also present

W™ The probability that species B initially occupies the area, given that species A is not present

yBAA The probability that the area is colonised by species B in the interval t, t,,, given that species A is present in survey t and species A persists

in the interval t, t,
BAa

extinct in the interval t, t,;

The probability that the area is colonised by species B in the interval t, t,,, given that species A is present in survey t and species A goes

y The probability the area is colonised by species B in the interval t, t,,, given that species A is not present in survey t and species A does

not colonise in the interval t, t,,

€ The probability that species B becomes extinct in the area in the interval t, t,,, given that species A is present in survey t and species A

persists in the interval t, t.,

e The probability that species B becomes extinct in the area in the interval t, t,,, given that species A is present in survey t and species A

goes extinct in the interval t, t,,

e The probability that species B becomes extinct in the area in the interval t, t.,, given that species A is not present in survey t and species A

does not colonise in the interval t-t,,

1) Species Interactions Factor (SIF)

The probability of detecting species B, given that both are present and species A detected
The probability of detecting species B, given that both are present and species A not detected
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of independent captured photographs for a species
divide by the total number of night-traps) for non-native
species were 2.01%, 2.40% and 0.55% for human,
livestock, and dog, respectively; and 0.48%, 0.58%, and
1.57% for leopard, leopard cat, and fox, respectively.

Spatial Multi-Year Patterns

For the multi-year occupancy estimates for non-
native species, livestock had the highest occupancy of
0.78 £ 0.06 in SP, followed by human with 0.61 + 0.03
in the SP,, which also had the lowest site occupation
among all non-native species (0.43 £+ 0.09) in SP,. Dog
had 0.53 + 0.10 as the highest site occupation estimates
in SP; (Fig. 2). The leopard cat showed the highest
probability of site occupation for carnivores, particularly
SP,, with 0.82 £+ 0.11. The fox had the second-highest
site occupation probability of 0.74 £ 0.08 in SP,. In
the previous study (Vitekere et al. 2020b), the leopard
depicted an average site occupation probability with its
highest estimate found in SP, (0.54 = 0.09). The lowest
value found was for the leopard (0.44 + 0.10) in SP,
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(Fig. 2). Neither non-native nor native carnivore species
showed a substantial rate of change in occupancy (all
values < 2, Table 2). However, carnivores had lower
occupancy equilibrium values than non-native species
in IS, (Table 2), except human, which represented the
lowest value (0.22) (Table 2) when the pattern in IS,
was different. The dog was the only species found at
equilibrium in both IS according to its equilibrium
occupancy values. The fox also showed an equilibrium
in the SP, (Table 2).

In general, the fox had the highest detection
probability, followed by human. The lowest detection
pertained to the dog (Fig. 3). The human presence in the
SP, (0.47 = 0.03) was the highest detection probability
among non-native species, followed by livestock (0.32
+ 0.03) in the SP,. The lowest detection was for the dog
(0.20 £ 0.03) in the SP,. For the carnivore, the fox had
the highest detection probability (0.64 + 0.03) followed
by the leopard with 0.36 + 0.05 in the SP,. The lowest
detection was for the leopard cat (0.24 £+ 0.03) in the
SP, (Vitekere et al. 2020b).

The highest colonisation rates were 0.54 + (.15,

1.0+
= 2017
0941 « 2018
08l 4 2019 I g
> [ ]
0.7 1 i
g : : t
30.6- u [ °
Q A
o A "
O 054 Y
n A
[ ] L]
0.4
0.3 1
human livestock dog leopard leopard cat fox

Fig. 2. Estimated site occupation probability across three years (2017-2019) of non-native species (human, livestock and dog) and carnivore species
(leopard, cat and fox) in the Tieqiaoshan Provincial Natural Reserve; outputs of multi-year analysis computed in PRESENCE software. Carnivores’

data have been previously used by Vitekere et al. (2020b).

Table 2. The occupancy equilibrium and rate of change in occupancy of non-native species (human, livestock, and
dog) and carnivore species (leopard, cat, and fox), computed as derived parameters from equation one (eq,) and
equation two (eq,), respectively, to show trends in species occupancy from 2017 to 2019 in the Tieqiaoshan Provincial

Natural Reserve

Species OE, RC, OE, RC,
human 0.22 0.48 0.52 1.68
livestock 0.58 1.82 0.45 0.72
dog 0.70 1.08 0.79 1.17
leopard 0.55 0.96 0.45 1.08
leopard cat 0.36 0.88 0.56 1.28
fox 0.49 0.5 0.69 1.41

OE: occupancy equilibrium and RC: rate of change in occupancy, one and two are IS, and IS,.
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0.42 + 0.12, respectively, for fox and dog in IS, and
0.32 £ 0.06 for livestock in the IS, (Fig. 4). The lowest
colonisation rates were in the IS, for both native
carnivores and non-native species (0.15 + 0.09 for
leopard cat and 0.13 + 0.08 for human). Two non-native
species had the highest extirpation rates (Fig. 5) for both
categories of species, human in IS, and livestock in the
IS,, with 0.45 £ 0.09 and 0.30 + 0.05, respectively. The
lowest extirpation rate was for the dog in the IS, (0.11
+ 0.09). The fox had the highest extirpation rate among
carnivore species, followed by the leopard cat both in
the IS, (0.29 £ 0.10 and 0.26 + 0.15, respectively). The
lowest extirpated carnivore was leopard in the IS, (0.21
+0.15).

Multi-Year Co-occurrence Estimates

For all comparisons, there were no significant
differences between the occupancy of a single species’
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analysis and the two species co-occurrence analysis
as all p-values were greater than 0.05. In the human-
carnivores coexistence (Table 3A), the leopard
occupancy remained almost the same with human
absence except in the SP,. The leopard cat’s site
occupation was low in human presence except in SP;.
The fox depicted unchanged estimates for occupancy
in human presence except in SP,. Human absence
positively and negatively influenced colonisation and
local extirpation of the leopard and the leopard cat,
respectively (except the local extirpation in the IS,).
For the fox, the colonisation slightly diminished in both
presence and absence of human, and the extirpation
rate remains unchanged in the human absence in both
IS. Its occupancy did not change in human presence
and absence for the first two SPs. The human presence
influenced the detectability of the leopard in all three
SPs. Simultaneously, the detection of the leopard cat did
not markedly change in human presence, and human

0.7 = 2017
° 2018 .
064 | 4 2019 1
_5 0.5 i !
8 i : .
z 0.44 l 4
[a] T T A
0.3 : A [}
_ po L) [ ] i
0.2 L - 4 -
0.1 T T T T T T
human livestock dog leopard leopard cat fox

Fig. 3. Estimated detection probabilities across three years (2017-2019) of non-native species (human, livestock and dog) and carnivore species
(leopard, cat and fox) in the Tieqiaoshan Provincial Natural Reserve; outputs of multi-year analysis performed in PRESENCE software. Carnivores’

data have been previously used by Vitekere et al. (2020b).

074 [ colt 0.54
[ lcol2
0.6 -
0.42
0.5~
S 0.34 0.28 0.28
® i
3 o4 032 4 026
15 0.21 0.21
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Fig. 4. Estimated colonisation rates across three years (2017-2019) of non-native species (human, livestock and dog) and carnivore species (leopard,
cat and fox) in the Tieqiaoshan Provincial Natural Reserve; outputs of multi-year analysis performed in PRESENCE software, coll: colonisation in
interseason 1 and col2: colonisation in interseason 2. Carnivores’ data have been previously used by Vitekere et al. (2020b).
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presence did not influence the fox’s detectability.

Referring to the livestock-carnivore interaction
(Table 3B), livestock presence brought a lesser influence
to the occupancy of leopard and the occupancy of the
leopard cat was modified (except the SP,) and the fox
occupancy changed in the SP;. The colonisation rates
of carnivores were influenced by livestock presence;
as for the leopard and the fox, their occupancy slightly
changed, especially in IS,. Surprisingly, livestock
absence positively influenced the leopard’s local
extirpation when for leopard cat and fox, they were
negatively influenced. Detection probability of leopard
was lesser with livestock absence, for leopard cat and
fox did not markedly change with livestock presence.

For dog-carnivore coexistence (Table 3C) the
leopard and leopard cat occupancies slightly changed
with dog presence when it markedly changed for the
fox, especially in the SP;. In general, the dog presence
influenced the colonization rates of the leopard and fox
in both IS. The dog absence impacted negatively the
leopard’s local extirpation, while its presence changed
the local extirpation for leopard cat and fox. The
detection was slightly less for all species with the dog
presence.

Temporal Patterns

All the non-native species portrayed a marked
preference for daytime, with very low nocturnalities
(proportion of observations between 18:00 and 06:00)
of 0.11, 0.12 and 0.16 for human, livestock, and
dog, respectively. The leopard was crepuscular with
a broad peak of activity in the morning and a more
sharply defined evening peak around 18:00-19:00,
with a nocturnality of 0.41; the leopard cat and the fox
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preferred night-time with nocturnalities of 0.71 and
0.69, respectively, and peak activity around midnight.
Non-native species had noteworthy peaks of activity
in the morning (7:00) and in the early evening (18:00),
whereas they were observed less frequently around
noon (Fig. 6).

The activity time overlap coefficients (A,) were
low for all pairwise species combinations of non-native
species with the leopard cat and the fox (the highest
value was 0.48 between livestock and fox). However,
overlap of non-native species with the leopard was
higher (human-leopard: 0.73; livestock-leopard: 0.75
and dog-leopard: 0.74, Table 4). The spatiotemporal
value (STV) (Table 4) concomitantly indicates the
spatial and the temporal overlapping in one value, with
the highest value for the species pairing livestock-
leopard (0.97) and the lowest for the pair human-
leopard cat (0.41).

DISCUSSION

Overall Species’ Site and Time Occupation
Patterns

Among all non-native species, livestock depicted
the highest occupancy across all SPs, followed by
human in SP, and SP; and dog. The non-native species
were predominantly diurnal with very low nocturnality
(close to 10%). Except for the leopard, which intensely
selected crepuscular time, carnivore species preferred
the night for their diel activity time. As is well known,
humans always prefer daytime for their activities (Mori
et al. 2020), inducing some invasive species (dog and
livestock mainly) to have a similar pattern of time

I ext1
[ Jext2
8 0.25
"‘g 0.3 0.21
£ 0.23
x
[
= 1
[&]
(@]
_I “ "
human livestock leopard leopard cat

Fig. 5. Estimated extirpation rates across three years (2017-2019) of non-native species (human, livestock, and dog) and carnivore species (leopard,
cat, and fox) in the Tieqiaoshan Provincial Natural Reserve; outputs of multi-year analysis performed in PRESENCE, extl: local extirpation in
interseason 1 and ext2: local extirpation interseason 2. Carnivores’ data have been previously used by Vitekere et al. (2020b).
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activity as they are mostly human-dependent (Vanak
and Gompper 2010; Farris et al. 2015 2016 2017).
The presence of the non-native species was quantified
by their occupancy estimates (> 0.40 for all species),
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which indicated how these species are permanent in
PAs, although human activities are forbidden in most
declared conservation ecosystems (Chape et al. 2005;
Dudley 2008). Non-native species remain real threats

Table 3. Co-occurrence results for non-native species (species A) and carnivores (species B)—including the species
interaction factor (SIF)—within the Tieqiaoshan Provincial Nature Reserve (2017-2019)

A: human-carnivores

\VBA WBa BAA BAa YBda 8BA.—’\ 8BAa SBau rBA rBa ¢
SP
human-leopard
one 0.46+0.09 0.58+0.05 0.23+0.07 0.26+0.09 0.30+0.10 0.29+0.08 027+0.13 0.15£0.05 0.19+0.08 0.30+0.02 1.16+0.03
two 0.42+0.15 0.39+£0.01 0.15+0.03 0.18+0.06 0.22+0.08 0.32+0.10 0.21+0.08 0.18=0.14 0.20+0.10 0.14+0.12 1.18+0.09
three 0.44+0.11 0.50+0.07 NA NA NA NA NA NA 0.18£0.09 0.25+0.03 1.21+0.10
human-leopard cat
one 0.78£0.07 0.81+£0.09 0.11+0.04 0.20+0.06 0.19+0.06 0.31+0.16 025+0.08 0.23+£0.05 0.29+0.11 0.36+0.05 1.05+0.11
two 0.63+0.13 0.71+£0.04 0.14+0.08 0.18+0.12 0.22+0.07 0.22+0.11 0.19+0.09 0.20+0.04 0.33+0.08 0.49+0.14 1.08+0.15
three 0.78£0.11 0.67+0.08 NA NA NA NA NA NA 0.31£0.10 0.30+0.12 1.11+0.05
human-fox
one 0.70+£0.01 0.76+0.08 0.21+0.10 0.19+0.11 0.26+0.02 0.36+0.06 0.31+0.02 0.28+0.13 0.50+0.14 0.55+0.10 1.05+0.09
two 0.42+£0.09 0.58+0.11 0.28+0.07 036+0.05 048+0.03 0.32+0.01 032+0.04 0.23+0.02 0.35+0.13 0.48+0.05 1.11+0.05
three 0.64+0.09 0.66+0.05 NA NA NA NA NA NA 0.26+0.11 028+0.09 1.17+0.02
B: livestock-carnivores
BA Ba BAA BAa Baa BAA BAa .Baa BA Ba
4 v Y Y Y € € € r r 4
SP
livestock-leopard
one 0.46+0.09 0.49+0.05 044+0.02 024+0.07 0.20+0.13 0.16+0.08 0.29+0.02 0.28+0.05 0.24+0.15 025+0.17 1.29+0.02
two 0.48+0.10 0.41+0.09 0.39+0.05 0.32+0.12 0.18+0.09 0.21+0.05 0.24+0.03 0.30+0.08 020+0.10 0.25+0.08 1.34+0.09
three 0.56+0.08 0.45+0.07 NA NA NA NA NA NA 0.47+0.08 0.19+0.13 1.27+0.11
livestock-leopard
cat
one 0.81+0.07 0.78+0.08 0.14+0.08 0.28+0.13 0.28+0.10 0.14+0.05 0.13+0.08 0.10+£0.03 0.28+0.11 0.36+0.12 1.32+0.07
two 0.67+0.02 0.52+0.08 0.17£0.04 0.19+0.11 0.23+0.09 0.28+0.07 0.23+0.09 0.15+0.08 0.19+0.08 0.31+0.10 1.08+0.03
three 0.57+0.10 0.46 +0.06 NA NA NA NA NA NA 0.33+0.10 0.32+0.09 1.06+0.08
livestock-fox
one 0.76 £0.08 0.70+0.03 0.27+0.08 0.25+0.05 0.30+0.08 0.32+0.09 029+0.11 0.23+£0.07 0.66+0.05 0.60+0.07 1.04+0.04
two 0.60+£0.01 0.47+0.05 0.48+0.03 0.50+0.03 0.55+0.11 0.27+0.13 025+0.08 0.18£0.10 0.50+0.01 0.57+0.11 1.14+0.09
three 0.75+0.10 0.49+0.09 NA NA NA NA NA NA 0.32+£0.04 0.39+£0.06 1.10+0.09
C: dog-carnivores
\I/BA ‘UBB YBAA yBAa yBaa SBAA 8BAa sBaa rBA rBa (ﬂ
SP
dog-leopard
one 0.43+£0.04 048+0.01 036+0.08 039+0.07 0.33+0.01 025+0.10 023+0.05 0.18£0.02 0.29+0.07 0.33+0.02 0.93 +0.02
two 0.61£0.01 0.32+£0.05 020+0.03 0.25+0.09 0.23+0.04 0.28+0.08 027+0.08 0.16+0.06 0.19+0.04 0.22+0.08 1.36+0.03
three 0.55+0.08 0.31+0.03 NA NA NA NA NA NA 0.23+£0.08 0.37+0.10 1.29+0.07
dog-leopard cat
one 0.83+£0.05 0.78+0.01 0.16+0.06 0.13+£0.10 0.20£0.09 0.19+0.07 023+0.11 0.25+£0.08 0.24+0.07 0.31+0.08 1.17+011
two 0.78£0.08 0.60+£0.09 0.19+0.04 0.28+0.03 0.17+0.05 0.20+0.02 0.18+0.05 0.21£0.01 0.21+£0.06 0.28+0.03 1.16+0.05
three 0.81+0.03 0.77+0.07 NA NA NA NA NA NA 0.25+£0.12 0.32+0.09 1.13+0.04
dog-fox
one 0.83+£0.10 0.66+0.09 0.42+0.08 0.38+0.08 0.29+0.06 0.36+0.08 029+0.01 0.15+£0.06 0.58+0.10 0.50+0.08 1.32+0.03
two 0.60+£0.08 0.35+0.11 0.49+0.03 0.56+0.07 0.32+0.01 029+0.05 0.24+0.03 0.21+£0.07 0.51+0.07 0.48+0.11 1.64+0.08
three 0.84+0.11 0.54+0.13 NA NA NA NA NA NA 0.49+0.12 0.43+0.08 1.47+0.01

Estimates are accompanied by standard errors, SP: sampling period and NA:

present in IS.

not applicable because colonization and local extirpation rates are only
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to wildlife (Gerber et al. 2012a; Sleeman 2013; Vanak
et al. 2013; Brodie et al. 2015; Chanchani et al. 2016).
Concomitantly, native carnivore site occupation was
evident (lowest occupancy was 0.44) in the area, with
the leopard cat having the highest occupancy across all
SP (Fig. 2). The fox showed higher occupancy than the
leopard and was captured mainly at night. Commonly,
carnivores are reputed to be nocturnal (Schuette et
al. 2013; Monterroso et al. 2014; Hua et al. 2020).
Nevertheless, despite this nighttime preference, we
put them into two categories based on the behaviors
we observed. The leopard would be qualified as a
“cathemeral species” as it is active during the day

human-leopard human-cat
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and night and mesocarnivores qualified as “nocturnal
preferred.”

Contrary to the first hypothesis, these carnivores
did not reveal significant changes in site occupancy
across years, a fact evidenced by the rate of change in
occupancy as a noticeable rise was documented from
IS, to IS,. This rate demonstrated stability in both IS
(Table 2) for non-native species, yet for human, the
occupancy markedly changes alternately. The recent
Natural Forests Protection Program (NFPP) policies of
the China national government for habitat restoration
and improvement of management strategies within the
TPNR would be responsible for constant carnivores
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Fig. 6. Overlap of density of activity over three years between the non-native species (lines) and native carnivores species (dashed lines) based on
camera trap data (2017-2019) in Tieqiaoshan Provincial Natural Reserve (“cat” represents the “leopard cat”).

Table 4. Estimated activity overlap coefficient (A,), associated 95% confidence interval obtained using the bootstrap
method with 999 sample replications and the spatiotemporal value (STV which describes simultaneously the spatial
and temporal overlap value, its obtained by multiplying the SIF by A,) for non-native species and carnivores species the
in the Tieqiaoshan Provincial Nature Reserve (2017-2019)

Species pairwise (A,) 95% CI Average STV
human-leopard 0.73 0. 64-0.80 0.86
human- cat 0.38 0.31-0.45 0.41
human- fox 0.42 0.37-0.47 0.46
livestock-leopard 0.75 0.37-0.83 0.97
livestock- cat 0.44 0.37-0.51 0.50
livestock- fox 0.48 0.44-0.53 0.52
dog-leopard 0.74 0.64-0.82 0.88
dog- cat 0.39 0.31-0.48 0.44
dog-red fox 0.44 0.37-0.50 0.64
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estimates (Vitekere et al. 2020b; Zhu et al. 2021). These
NFPP measures have enlarged the size and enhanced
the forest quality of the PA (Xu et al. 2009; Wei et al.
2014). Furthermore, the homogeneousness effects due
to the landscape features (case of the TPNR ecosystem)
can also explain the native carnivores’ site occupation,
as found by Kass et al. (2020). The PA’s outside intense
disturbances would promote a type of lockdown for
wildlife in the TPNR.

Regarding human occupancy in a PAs, findings
opposite to ours were established by Farris et al. (2017),
where this occupancy progressively increased over
five years. Yet the same results revealed an alternate
frequency of a lesser rising and diminution of dog
occupancy over time. For our study, both non-native
and native carnivore species were well detected (except
the dog, but with normal detectability > 0.20). The
estimated detection values determine the occupancy
veracity, particularly when sampling sites and incidences
are small (Royle and Nichols 2003; MacKenzie et al.
2006). Therefore, when species are well detected within
their habitat (detection probability > 0.30 for repetitive
sampling occasion > 5), the occupancy estimates would
not be considered biased (Nicholson and van Manen
2009). As these changes in species’ site occupation were
weaker than expected, it is perhaps worth exploring
disturbances, biophysical and environmental variables
effects. Nonetheless, although the gap between both
non-native and native carnivore species’ occupancy
equilibria was insignificant (except dog), carnivores
were characterised by lower occupancy equilibrium
values than non-native species. Thus, it is evident that
as long as native carnivores depict low occupancy
equilibrium compared with non-native species within
the TPNR, their long-term existence is substantially
threatened since non-native species are potential sources
of danger for PAs management worldwide.

Spatiotemporal Overlap Patterns

In the co-occupation framework, the pairwise
human-carnivores portrayed a general trend of indirect
space overlap with all carnivore species referring to
the SIF estimates and contrary to our hypothesis. The
leopard was the carnivore most influenced by human
presence (all SIF > 1) as this species (leopard) was
at equilibrium for night and daytime, inducing a high
time overlap with non-native species (all A, > 0.73).
Our findings revealed that, spatially, the leopard did
not avoid zones with human presence as previously
found with other top predators (e.g., Flores-Morales et
al. 2019 for the Coyote Canis latrans, Guerisoli et al.
2019 for Puma Puma concolor, and Mori et al. 2020
for Wolf Canis lupus). Yet, Zhu et al. (2021) found that
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anthropogenic disturbances affect leopard’s density in
this area. However, leopard’s activities were generally
nocturnal, and specifically crepuscular; logically in the
TPNR, the leopard may avoid contact with non-native
species, specifically human, concentrating its activity
bouts late in the dusk hours to avoid harmful contacts.
On the other hand, the leopard cat and fox depicted
a higher SIF with human than the leopard did with
human. Indeed, species differ in their aptitude to adapt
to human presence on their degree of specialization in
habitat use and ranging habits (Carricondo-Sanchez
2018). Some species can shift and create an adaptation
to human presence due to their ecological behavior.
Although there was a reduction in the detectability of
the leopard at the sites where human was signaled (#**
< ™), the human presence had no substantial effect
on leopard site use (Table 3A compared to Fig. 3).
Leopard site occupation was even higher in the SP,
in sites where leopards initially occupied the area;
given that humans were also present (y"*, Table 3A).
Other studies have documented this (Carter et al.
2015; Farris et al. 2017) and corroborated our findings.
In a PA with anthropogenic activities, human site
occupation has always been followed by disturbance
effects on the site, attracting small and average bodied-
size mammals. These zones in PAs would be in the
vicinity of boundary areas where PA managers lack the
authority, resources, and funding to establish wildlife
management regulations (Lindenmayer et al. 2012;
Bauer et al. 2015). Therefore, the fox is a species
that may be attracted there. Thus, the presence of this
carnivore would be perceived as colonisation rate since
it is reflected as a conditional occupancy (MacKenzie
et al. 2006). Colonisation also did not greatly fluctuate
with human presence and human absence at the sites.
In our investigation, the growth in human-carnivores
spatiotemporal co-occurrence over these three years is
a measure of human invasion related to a wide range
of anthropogenic activities as resource extraction and
livestock pasture.

The leopard showed direct interactions within
the site co-occupation with livestock (all SIF > 1).
At the same time, the leopard cat and the fox were
characterised by independent interactions (SIF close to
1), with the exception of the leopard cat in SP,. Also,
the temporal overlap between the leopard and livestock
was apparent (A, = 0.75) and can be elucidated by
previous findings in the TPNR since the leopard feeds
regularly on livestock (Consolee et al. 2020; Vitekere
et al. 2020a), I don’t understand this clause. Such co-
occurrence has been seen by Lovari et al. (2015) in an
analysis of common leopard and livestock coexistence
in an area of Nepal. Other similar studies stated that
livestock had been revealed as the second important
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prey of the top predators (Okello et al. 2014; Ciucci
et al. 2018). Livestock becomes a central component
of the prey of leopards probably because there is a
lack of defence by herds’ keepers, particularly during
the calving period inside the PAs. These findings are
partially in accordance with the temporal hypothesis
given that livestock and leopard use the same time and
overlap leads to predation. Nevertheless, when farmers
undertake their livestock defence they habitually
use retaliatory procedures to harm predators (Treves
and Karanth 2003; Cromsigt et al. 2013). The TPNR
landscape is reputed to host more farmers, revealing
that within this landscape livestock is more present
and carnivore avoidance interactions are more unlikely
to occur. So, direct interactions between leopard and
livestock in the TPNR indirectly launches an interaction
between humans and carnivores, which always ends
in human-carnivore conflict (Consolee et al. 2020;
Vitekere et al. 2020a). Occasionally fences are built and
have proven palliative solutions to impede livestock
encroachment from PAs (Lovegrove et al. 2002).

In an area characterised by limited resources
due to its uniformity of habitats, it is common to
observe native species being destabilised by non-native
species. The heterogeneity of a landscape is somewhat
responsible for ecological niche diversification (Eppstein
et al. 2006; Soto and Palomares 2015), and trails play
an important role in the invasion of PAs. This is the
case in the TPNR, which is crossed by diverse trails. A
strong and positive correlation between trails and dog
presence in PAs was mostly documented when studying
non-native species effects in an ecosystem (Farris et
al. 2016 2017). The dog was characterized by higher
spatiotemporal overlaps with leopards (all SIF > 1
except in SP,, and A, = 0.74). A significant spatial
overlap was depicted by the apparent co-occurrence
between the dog and fox in all SP with the fox. While
this invasive species and the fox are similar in body
size, they are not ecologically similar, and the principle
of competitive exclusion (MacArthur and Levins 1967)
may not be applied. Many studies brought out the fox
preference for human-disturbed habitat (Macdonald et
al. 2004; Hughes and Macdonald 2013; Barrull et al.
2014; Mori et al. 2015; Vitekere et al. 2020b). The dog
being at occupancy equilibrium in our study clearly
supports inferences about its long-term presence in
the TPNR. In a Madagascar study, Farris et al. (2016)
found the dog excluding native carnivores in some areas
within his study area. Free-ranging domestic dogs are
amongst the most well-known worldwide non-native
species that often affect native carnivores. This situation
is a little challenging when there is a spatiotemporal
overlap with native carnivores. As it is also a carnivore,
the dog will interact with native carnivores by becoming
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a real competitor (Hughes and Macdonald 2013; Vanak
et al. 2013; Mella-Méndez et al. 2019). It can reduce
the prey biomass (Frank et al. 2014; Wierzbowska et
al. 2016), transmit disease (Rasambainarivo et al. 2017;
Mella-Méndez et al. 2019) and undertake direct intra-
guild aggression in PAs (Hughes and Macdonald 2013).
Our study displays the dog’s ability to influence the
temporal patterns of native carnivores. Precisely, we add
the evidence to the body of literature the competitive
dynamics between the dog and the leopard within a
human-dominated landscape.

However, while mesocarnivores were strongly
bounded to the night-time, they exhibited some plasticity
within this preferred temporal interval as their A, were
low than 0.75. Indeed, none of these two species (leopard
cat and fox) displayed a constant activity pattern
in nocturnal times. Further researchers have found
the wild cat and fox using night-time but with some
evident activities shifted in the diurnal period (Barrull
et al. 2014; Monterroso et al. 2014); consequently,
Monterroso et al. (2014) qualified them as “facultative
nocturnal”. According to our findings, we assumed that,
regardless of the high night-time rate of activities, these
mesocarnivores tried to avoid the overlap activities
with the big feline (leopard) to maximize their ability
in the landscape and moderate the risks for antagonistic
overlap. Yet, this does not necessarily mean they avoid
leopard, because the nocturnality of some medium-
sized carnivores is proved to coincide with their prey’s
activity. In contrast, with 31% of its diel activity in the
daytime, the red fox did not totally avoid this period.
Previous studies found the red fox performing important
daytime activity (Cavallini and Lovari 1994; Adkins
and Stott 1998). An equivalent observation was also
made for the leopard cat, which performed 29% of its
activities during this study in the daytime, corroborating
other studies that found 20-21% (Germain et al. 2008;
Monterroso et al. 2014). Generally, these two carnivores
did not depict time overlap with non-native species,
except at a small level, (20-30% only in the daytime),
as all non-native species were characterized by a diel
activity in daytime A, of pairwise species combination
less than the 0.50. This would have some advantages
in these two species’ ecologies, particularly allowing
flexibility in their diel activity patterns (as both
mesocarnivores depicted spatial overlap with non-native
species). It can permit the facilitation of accessing other
affordable prey in their habitat or support, avoiding the
riskiest periods of the day for both non-native species
and top predators. However, Mori et al. (2020) found
that the red fox is a mesocarnivore that often overlap
spatially and temporally with top predators. Yet, these
findings were not completely corroborated by the STV
for species pairings as the fox implied the average
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STV with non-native species (from 0.46 to 0.66). For
the pairing species with highest STV (human-leopard,
livestock-leopard, dog-leopard even dog-fox) this value
reflects the state of spatiotemporal aggregation. Such
scenario is the riskiest state for native species as it
portrays potential threats for shared space and probably
leads to more other possible vulnerabilities (negative
interactions) to native species (Okello et al. 2014;
Rasambainarivo et al. 2017; Mella-Méndez et al. 2019;
Farris et al. 2020) since they occur in the same space at
the same time.

CONCLUSIONS

Although the principal aim of PAs is to protect
biodiversity, elusive species such as carnivores have
always experienced interspecies threats that are hard
to detect since carnivore studies often rely on passive
sampling when investigating species’ spatiotemporal
threats (Farris et al. 2017 2020). In this study, the
presence of invasive species was considered to be
dependent on human presence. Only humans would be
presumed to interact with wildlife directly, but livestock
and dogs depicted clear overlaps with carnivores.
Most livestock interactions with mesocarnivores were
indirect, but the dog influenced the leopard and the fox’s
site occupations more.

In terms of the conservation implications, our
results suggest that the presence of wild prey could
reduce livestock depredation by the leopard and thus
reduce the spatiotemporal overlap between carnivores
and livestock. This would help to facilitate coexistence
patterns with humans within the TNR and imply
sustainable management of the reserve’s landscape
by reducing retaliatory measures. Such outcomes
could be used to develop targeted education programs
that inform local people living inside and outside the
TNR or travelling with domestic dogs in the PA on
the negative impacts their dogs may have on native
carnivores. Considering spatiotemporal patterns using
two niche dimensions can potentially lead to confusion
in inferences interactions. For example, one might
conclude that a native species has been impacted
by non-native species when the two species do not
demonstrate any temporal overlap because they use
different time activities. Therefore, studies integrating
landscape features (disturbances, habitat type, and
diet or prey) are necessary to understand better these
intrinsic interactions in species, which are essential
drivers of population and community dynamics over
time in Protected Areas.

Acknowledgments: We thank the anonymous

page 13 of 16

reviewers for valuable comments on an earlier draft of
the manuscript. We are also grateful to the support of
WWEF-China and WCS-China. This study was funded
by the NSFC (31872241), FRFCU (2572017PZ14
and 2572017AA20) and National Key PRDMST
(2016YFC0503200).

Authors’ contributions: Conceptualization: KV;
methodology: KV and LML; software: KV; validation:
GJ and YH; formal analysis: KV, LML, and JW;
investigation: JW, GJ, and YH; resources: GJ, and
YH; data curation: KV, JW, and YH; writing original
draft: KV; writing review and editing: KV and LML;
supervision: GJ and YH; funding acquisition: GJ and
YH.

Competing interests: Authors declare no conflict of
interest.

Availability of data and materials: All data were
used in the manuscript and are present in the published

paper.

Consent for publication: All authors have read and
agreed to the published version of the manuscript.

Ethics approval consent to participate: Not
applicable.

REFERENCES

Adkins CA, Stott P. 1998. Home ranges, movements and habitat
associations of red foxes Vulpes vulpes in suburban Toronto,
Ontario, Canada. J Zool 244:335-346. doi:10.1111/.1469-
7998.1998.tb00038.x.

Alexander JS, Shi K, Tallents LA, Riordan P. 2016. On the high trail:
examining determinants of site use by the endangered snow
leopard Panthera uncia in Qilianshan, China. Oryx 50:231-238.
doi:10.1017/50030605315001027.

Andam KS, Ferraro PJ, Pfaff A, Sanchez-Azofeifa GA, Robalino JA.
2008. Measuring the effectiveness of protected area networks in
reducing eforestation. PNAS 105:16089-16094. doi:10.1073/
pnas.0800437105.

Barrull J, Mate I, Ruiz-Olmo J, Casanovas JG, Gosalbez J, Salicra
M. 2014. Factors and mechanisms that explain coexistence
in a Mediterranean carnivore assemblage: an integrated study
based on camera trapping and diet. Mamm Biol 79:123-131.
doi:10.1016/j.mambio.2013.11.004.

Bauer H, Chapron G, Nowell K, Henschel P, Funston P, Hunter
TL, Macdonald DW, Packer C. 2015. Lion (Panthera leo)
populations are declining rapidly across Africa, except
in intensively managed areas. PNAS 112:14894-14899.
doi:10.1073/pnas.1500664112.

Brodie JF, Giordano AJ, Ambu L. 2015. Differential responses of large
mammals to logging and edge effects. Mamm Biol 80:7-13.
doi:10.1016/j.mambio.2014.06.001.

Bu H, Wang F, McShea WJ, Lu Z, Wang D, Li S. 2016. Spatial

© 2021 Academia Sinica, Taiwan


https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1998.tb00038.x
https://www.cambridge.org/core/journals/oryx/article/on-the-high-trail-examining-determinants-of-site-use-by-the-endangered-snow-leopard-panthera-uncia-in-qilianshan-china/2818FE976982FEBB852D840257AD82B5
https://www.pnas.org/content/105/42/16089
https://www.sciencedirect.com/science/article/abs/pii/S1616504713002346?via%3Dihub
https://www.pnas.org/content/112/48/14894
https://www.sciencedirect.com/science/article/abs/pii/S1616504714000561?via%3Dihub

Zoological Studies 60:52 (2021)

co-occurrence and activity patterns of mesocarnivores
in the temperate forests of Southwest China. PLoS ONE
11(10):e0164271. doi:10.1371/journal.pone.0164271.

Carricondo-Sanchez D. 2018. Determinant factors for mesocarnivores
distribution patterns along a gradient of anthropogenic influence.
PhD dissertation, Inland Norway University of Applied Science.
doi:10.13140/RG.2.2.18089.03683.

Carter N, Jasny M, Gurung B, Liu J. 2015. Impacts of people
and tigers on leopard spatiotemporal activity patterns in a
global biodiversity hotspot. Glob Ecol Conserv 3:149-162.
doi:10.1016/j.gecco.2014.11.013.

Cavallini P, Lovari S. 1994. Home range, habitat selection and activity
of the red fox in a Mediterranean coastal ecotone. Acta Theriol
39:279-287. doi:10.4098/AT.arch.94-31.

Chanchani P, Noon BR, Bailey LL, Warrier RA. 2016. Conserving
tigers in working landscapes. Conserv Biol 30:649-660.
doi:10.1111/cobi.12633.

Chape S, Harrison J, Spalding M, Lysenko 1. 2005. Measuring the
extent and effectiveness of protected areas as an indicator for
meeting global biodiversity targets. Philos T R Soc B 360:443—
455. doi:10.1098/rstb.2004.1592.

Ciucci P, Artoni L, Crispino F, Tosoni E, Boitani L. 2018. Inter-pack,
seasonal and annual variation in prey consumed by wolves in
Pollino National Park, southern Italy. Eur J Wildlife Res 64:1—
16. doi:10.1007/s10344-018-1166-1.

Consolee KT, Gao C, Vitekere K, Li C, Yan H, Jiang G. 2020.
Human-Leopard Conflict: An Emerging Issue of North China
Leopard Conservation in Tieqiaoshan Provincial Nature Reserve
in Shanxi Province, China. Animals 10:996. doi:10.3390/
ani10060996.

Cromsigt JP, Kuijper DP, Adam M, Beschta RL, Churski M, Eycott A,
Kerley GIH, Mysterud A, Schmidt K, West K. 2013. Hunting for
fear: innovating management of human-wildlife conflicts. J Appl
Ecol 50:544-549. doi:10.1111/1365-2664.12076.

Dias DM, de Campos CB, Rodrigues FHG. 2018. Behavioural
ecology in a predator-prey system. Mamm Biol 92:30-36.
doi:10.1016/j.mambio.2018.04.005.

Dias DM, Massara RL, de Campos CB, Rodrigues FHG. 2019. Feline
predator-prey relationships in a semiarid biome in Brazil. J Zool
307:282-291. doi:10.1111/jz0.12647.

Dudley N. 2008. Guidelines for applying protected area management
categories. IUCN, Gland. doi:10.2305/TUCN.CH.2008.
PAPS.2.en.

Eppstein MJ, Bever JD, Molofsky J. 2006. Spatiotemporal community
dynamics induced by frequency dependent interactions. Ecol
Model 197:133-147. doi:10.1016/j.ecolmodel.2006.02.039.

Farris ZJ, Gerber B, Karpanty SM, Murphy A, Ratelolahy F, Kelly
MIJ. 2015. When carnivores roam: temporal patterns and
partitioning among Madagascar’s native and exotic carnivores. J
Zool 296:45-57. doi:10.1111/jz0.12216.

Farris ZJ, Gerber BD, Karpanty S, Murphy A, Wampole E,
Ratelolahyand F, Kelly MJ. 2017. Threats to a rainforest
carnivore community: A multi-year assessment of occupancy
and co-occurrence in Madagascar. Biol Conserv 210:116-124.
doi:10.1016/j.biocon.2017.04.010.

Farris ZJ, Gerber BD, Karpanty S, Murphy A, Wampole E,
Ratelolahyand F, Kelly MJ. 2020. Exploring and interpreting
spatiotemporal interactions between native and invasive
carnivores across a gradient of rainforest degradation. Biol
Invasions 22:2033-2047. doi:10.1007/510530-020-02237-1.

Farris ZJ, Kelly MJ, Karpanty S, Ratelolahy F. 2016. Patterns of
spatial co-occurrence among native and exotic carnivores
in north-eastern Madagascar. Anim Conserv 19:189-198.
doi:10.1111/acv.12233.

© 2021 Academia Sinica, Taiwan

page 14 of 16

Flores-Morales M, Vazquez J, Bautista A, Rodriguez-Martinez L,
Monroy-Vilchis O. 2019. Response of two sympatric carnivores
to human disturbances of their habitat: the bobcat and coyote.
Mammal Res 64:53—62. doi:10.1007/s13364-018-0385-x.

Frank AS, Johnson CN, Potts JM, Fisher A, Lawes M, Woinarski
JCZ, Tuft K, Radford 1J, Gordon 1J, Collis M-A, Legge S. 2014.
Experimental evidence that feral cats cause local extirpation of
small mammals in Australia’s tropical savannas. J Appl Ecol
51:1486-1493. doi:10.1111/1365-2664.12323.

Gerber BD, Karpanty SM, Randrianantenaina J. 2012a. The impact
of forest logging and fragmentation on carnivore species
composition, density and occupancy in Madagascar’s rainforests.
Oryx 46:414-422. doi:10.1017/S0030605311001116.

Gerber BD, Karpanty SM, Randrianantenaina J. 2012b. Activity
patterns of carnivores in the rain forests of Madagascar:
implications for species coexistence. J] Mammal 93:667-676.
doi:10.1644/11-MAMM-A-265.1.

Germain E, Benhamou S, Poulle ML. 2008. Spatio-temporal
sharing between the European wildcat, the domestic cat
and their hybrids. J Zool 276:195-203. doi:10.1111/j.1469-
7998.2008.00479.x.

Guerisoli MDLM, Caruso N, Vidal LEM, Lucherini M. 2019.
Habitat use and activity patterns of Puma concolor in a human-
dominated landscape of central Argentina. ] Mammal 100:202—
211. doi:10.1093/jmammal/gyz005.

Hansen AJ, Rasker R, Maxwell B, Rotella JJ, Johnson JD, Parmenter
AW, Langner U, Cohen WB, Lawrence RL, Kraska MP. 2002.
Ecological causes and consequences of demographic change in
the New West: As natural amenities attract people and commerce
to the rural west, the resulting land-use changes threaten
biodiversity, even in protected areas, and challenge efforts to
sustain local communities and ecosystems. BioScience 52:151—
162. doi:10.1641/0006-3568(2002)052[0151:ecacod]2.0.co0;2.

Hua Y, Vitekere K, Wang J, Zhu M, Zaman M, Jiang G. 2020.
Coexistence of sympatric carnivores in a relatively homogenous
landscape and the effects of environmental factors on site
occupation. Ann Zool Fenn 57:47-58. doi:10.5735/086.057.0106.

Hughes J, Macdonald DW. 2013. A review of the interactions between
free-roaming domestic dogs and wildlife. Biol Conserv 157:341—
351. doi:10.1016/j.biocon.2012.07.005.

Karanth KU, Nichols JD, Seidenstricker J, Dinerstein E, Smith JLD,
McDougal C, Johnsingh AJT, Chundawat RS, Thapar V. 2003.
Science deficiency in conservation practice: the monitoring
of tiger populations in India. Anim Conserv 6:141-146. doi:
10.1017/s1367943003003184.

Kass JM, Tingley MW, Tetsuya T, Koike F. 2020. Co-occurrence
of invasive and native carnivorans affects occupancy patterns
across environmental gradients. Biol Invasions 22:2251-2266.
doi:10.1007/s10530-020-02254-0.

Lindenmayer DB, Likens GE, Andersen A, Bowman D, Bull CM,
Burns E, Dickman CR, Hoffmann AA, Keith DA, Liddell
MJ. 2012. Value of long-term ecological studies. Austral Ecol
37:745-757. doi:10.1111/j.1442-9993.2011.02351 .x.

Linkie M, Ridout MS. 2011. Assessing tiger-prey interactions in
Sumatran rainforests. J Zool 284:224-229. doi:10.1111/j.1469-
7998.2011.00801.x.

Lovari S, Pokheral CP, Jnawali SR, Fusani L, Ferretti F. 2015.
Coexistence of the tiger and the common leopard in a prey-
rich area: the role of prey partitioning. J Zool 295:122-131.
doi:10.1111/jz0.12192.

Lovegrove TG, Zeiler CH, Greene BS, Green BW, Gaastra R,
MacArthur AD. 2002. Alien plant and animal control and aspects
of ecological restoration in a small mainland island: Wenderholm
Regional Park, New Zealand. Turning the tide: the eradication of


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164271
https://www.researchgate.net/publication/331319684_Determinant_factors_for_mesocarnivore_distribution_patterns_along_a_gradient_of_anthropogenic_influence?channel=doi&linkId=5c73a924458515831f6d1beb&showFulltext=true
https://www.sciencedirect.com/science/article/pii/S2351989414000833?via%3Dihub
https://rcin.org.pl/ibs/dlibra/publication/edition/12292?id=12292&from=publication
https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.12633
https://royalsocietypublishing.org/doi/10.1098/rstb.2004.1592
https://link.springer.com/article/10.1007%2Fs10344-018-1166-1
https://www.mdpi.com/2076-2615/10/6/996
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.12076
https://www.sciencedirect.com/science/article/abs/pii/S1616504717302094?via%3Dihub
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/jzo.12647
https://portals.iucn.org/library/node/9243
https://www.sciencedirect.com/science/article/pii/S0304380006001050?via%3Dihub
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/jzo.12216
https://www.sciencedirect.com/science/article/pii/S000632071730616X?via%3Dihub
https://link.springer.com/article/10.1007%2Fs10530-020-02237-1
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/acv.12233
https://link.springer.com/article/10.1007%2Fs13364-018-0385-x
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.12323
https://www.cambridge.org/core/journals/oryx/article/impact-of-forest-logging-and-fragmentation-on-carnivore-species-composition-density-and-occupancy-in-madagascars-rainforests/7495CAE906F1969CC3C8232D6040F682
https://academic.oup.com/jmammal/article/93/3/667/835578
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.2008.00479.x
https://academic.oup.com/jmammal/article/100/1/202/5299191
https://academic.oup.com/bioscience/article/52/2/151/341204
https://bioone.org/journals/annales-zoologici-fennici/volume-57/issue-1-6/086.057.0106/Coexistence-of-Sympatric-Carnivores-in-a-Relatively-Homogenous-Landscape-and/10.5735/086.057.0106.full
https://www.sciencedirect.com/science/article/pii/S0006320712003151?via%3Dihub
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1017/S1367943003003184
https://link.springer.com/article/10.1007%2Fs10530-020-02254-0
https://onlinelibrary.wiley.com/doi/10.1111/j.1442-9993.2011.02351.x
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.2011.00801.x
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/jzo.12192

Zoological Studies 60:52 (2021)

invasive species. [IUCN SSC invasive Species Specialist Group,
Gland, Switzerland, p. 9.

MacArthur R, Levins R. 1967. The limiting similarity, convergence,
and divergence of coexisting species. Am Nat 101:377-385.
doi:10.1086/282505.

MacDonald DW, Buesching CD, Stopka P, Henderson J, Ellwood SA,
Baker SE. 2004. Encounters between two sympatric carnivores:
Red foxes (Vulpes vulpes) and European badgers (Meles meles).
J Zool 263:385-392. doi:10.1017/S0952836904005400.

MacKenzie D, Nichols JD, Royle JA, Pollock KH, Bailey L, Hines
J. 2006. Occupancy estimation and modeling: inferring patterns
and dynamics of species occurrence. Elsevier, San Diego, USA.
doi:10.1016/C2012-0-01164-7.

MacKenzie DI, Nichols JD, Hines JE, Knutson MG, Franklin
AB. 2003. Estimating site occupancy, colonization, and local
extinction when a species is detected imperfectly. Ecology
84:2200-2207. doi:10.1890/02-3090.

Mella-Méndez 1, Flores-Peredo R, Pérez-Torres J, Hernandez-
Gonzalez S, Gonzalez-Uribe DU, del Bolivar-Cimé BS. 2019.
Activity patterns and temporal niche partitioning of dogs and
medium-sized wild mammals in urban parks of Xalapa, Mexico.
Urban Ecosyst 22:1061-1070. doi:10.1007/s11252-019-00878-
2.

Meredith M, Ridout MS. 2014. Overview of the overlap package.
Available at http://cran.cs.wwu.edu/web/packages/.pdf overlap/
vignettes/overlap. Accessed 23 Oct. 2020.

Monterroso P, Alves PC, Ferreras P. 2013. Catch me if you can: diel
activity patterns of mammalian prey and predators. Ethology
119:1044-1056. doi:10.1111/eth.12156.

Monterroso P, Alves PC, Ferreras P. 2014. Plasticity in circadian
activity patterns of small carnivores in southwestern Europe:
implications for species coexistence. Behav Ecol Sociobiol
68:1403—-1417. doi:10.1007/500265-014-1748-1.

Morehouse AT, Boyce MS. 2017. Troublemaking carnivores: conflicts
with humans in a diverse assemblage of large carnivores. Ecol
Soc 22:4. doi:10.5751/ES-09415-220304.

Mori E, Bagnato S, Serroni P, Sangiuliano A, Rotondaro F, Marchiano
V, Cascini V, Poeriom L, Ferretti F. 2020. Spatiotemporal
mechanisms of coexistence in an European mammal community
in a protected area of southern Italy. J Zool 310:232-245.
doi:10.1111/jz0.12743.

Mori E, Menchetti M, Balestrieri A. 2015. Interspecific den sharing: a
study on European badger setts using camera traps. Acta Ethiol
18:121-126. doi:10.1007/s10211-014-0197-1.

Mwakatobe A, Nyahongo J, Reskaft E. 2013. Livestock depredation
by carnivores in the Serengeti ecosystem, Tanzania. Env Nat
Resour Res 3:46. doi:10.5539/enrr.v3ndp46.

Nicholson JM, van Manen FT. 2009. Using occupancy models to
determine mammalian responses to landscape changes. Integr
Zool 4:232-239. doi:10.1111/j.1749-4877.2009.00159.x.

Okello MM, Kiringe JW, Warinwa F. 2014. Human-Carnivore
Conflicts in Private Conservancy Lands of Elerai and Oltiyiani
in Amboseli Area, Kenya. Nat Resour 5:375-391. doi:10.4236/
nr.2014.58036.

Oliveira-Santos LGR, Zucco CA, Agostinelli C. 2013. Using
conditional circular kernel density functions to test hypotheses
on animal circadian activity. Anim Behav 85:269-280.
doi:10.1016/j.anbehav.2012.09.033.

Palomo I, Montes C, Martin-Lopez B, Gonzalez JA, Garcia-Llorente
M, Alcorlo P, Mora MRG. 2014. Incorporating the social-
ecological approach in protected areas in the Anthropocene.
BioScience 64:181-191. doi:10.1093/biosci/bit033.

Rasambainarivo F, Farris ZJ, Andrianalizah H, Parker PG. 2017.
Interactions between carnivores in Madagascar and the risk of

page 15 of 16

disease transmission. EcoHealth 14:1-13. doi:10.1007/s10393-
017-1280-7.

Royle JA, Nichols JD. 2003. Estimating abundance from repeated
presence-absence data or point counts. Ecology 84:777-790.
doi:10.2307/3107871.

Schuette P, Wagner AP, Wagner ME, Creel S. 2013. Occupancy
patterns and niche partitioning within a diverse carnivore
community exposed to anthropogenic pressures. Biol Conserv
158:301-312. doi:10.1016/j.biocon.2012.08.008.

Sleeman JM. 2013. Has the time come for big science in wildlife
health? EcoHealth 10:335-338. doi:10.1007/s10393-013-0880-
0.

Song D, Wang B, Jiang J, Wan S, Cui S, Wang T, Feng L. 2014. Using
camera traps to monitor a North Chinese leopard (Panthera
pardus japonesis) population and their main ungulate prey.
Biodiv Science 22:733-736. doi:10.3724/SP.J.1003.2014.14198.
(in Chinese)

Soto C, Palomares F. 2015. Coexistence of sympatric carnivores in
relatively homogeneous Mediterranean landscapes: functional
importance of habitat segregation at the fine-scale level.
Oecologia 179:223-235. doi:10.1007/s00442-015-3311-9.

Sunarto S, Kelly MJ, Parakkasi K, Hutajulu MB. 2015. Cat
coexistence in central Sumatra: ecological characteristics, spatial
and temporal overlap, and implications for management. J Zool
296:104-115. doi:10.1111/jz0.12218.

Swann DE, Kawanishi K, Palmer J. 2011. Evaluating types and
features of camera traps in ecological studies: a guide for
researchers. Camera traps in animal ecology. Springer, Tokyo.
doi:10.1007/978-4-431-99495-4 3.

Treves A, Karanth KU. 2003. Human-carnivore conflict and
perspectives on carnivore management worldwide. Conserv Biol
17:1491-1499. doi:10.1111/5.1523-1739.2003.00059.x.

Vanak AT, Dickman CR, Silva-Rodriguez EA, Butler JR, Ritchie EG.
2013. Top-dogs and under-dogs: competition between dogs and
sympatric carnivores. /n: Matthew EG (ed) Free-ranging dogs
and wildlife conservation, 1st edn. Oxford University Press.
doi:10.1093/acprof:0sobl/9780199663217.003.0003.

Vanak AT, Gompper ME. 2010. Interference competition at the
landscape level: the effect of free-ranging dogs on a native
mesocarnivore. J Appl Ecol 47:1225-1232. doi:10.1111/j.1365-
2664.2010.01870.x.

Vitekere K, Tulizo K, Zaman M, Karanja H, Hua Y, Jiang G.
2020a. Insights on the North China leopard (Panthera pardus
Jjaponensis, Gray, 1862): challenges in distribution, population
status, threats, and implications for conservation. J Anim Plant
Sci 31:1-18. doi:10.36899/JAPS.2021.1.0187.

Vitekere K, Wang J, Karanja H, Consolee KT, Zaman M, Hua Y, Jiang
G. 2020b. Dynamic in Species Estimates of Carnivores (Leopard
Cat, Red Fox, and North Chinese Leopard): a Multi-Year
Assessment of Occupancy and Coexistence in the Tieqiaoshan
Nature Reserve, Shanxi Province, China. Animals 10:1333.
doi:10.3390/ani10081333.

Wearn OR, Reuman DC, Ewers RM. 2012. Extinction debt and
windows of conservation opportunity in the Brazilian Amazon.
Science 337:228-232. doi:10.1126/science.1219013.

Wei YW, Yu DP, Lewis BJ, Zhou L, Zhou W, Fang X, Zhao W, Wu
S, Dai L. 2014. Forest carbon storage and tree carbon pool
dynamics under natural forest protection program in northeastern
China. Chin Geogr Sci 24:397-405. doi:10.1007/s11769-014-
0703-4.

Wierzbowska 1A, Hedrzak M, Popczyk B, Okarma H, Crooks KR.
2016. Predation of wildlife by free-ranging domestic dogs in
Polish hunting grounds and potential competition with the grey
wolf. Biol Conserv 201:1-9. doi:10.1016/j.biocon.2016.06.016.

© 2021 Academia Sinica, Taiwan


https://www.journals.uchicago.edu/doi/10.1086/282505
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1017/S0952836904005400s
https://www.sciencedirect.com/book/9780124071971/occupancy-estimation-and-modeling?via=ihub=
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/02-3090
https://link.springer.com/article/10.1007%2Fs11252-019-00878-2
https://onlinelibrary.wiley.com/doi/10.1111/eth.12156
https://link.springer.com/article/10.1007%2Fs00265-014-1748-1
https://www.ecologyandsociety.org/vol22/iss3/art4/
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/jzo.12743
https://link.springer.com/article/10.1007%2Fs10211-014-0197-1
https://www.ccsenet.org/journal/index.php/enrr/article/view/28550
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-4877.2009.00159.x
https://www.scirp.org/journal/paperinformation.aspx?paperid=47203
https://www.sciencedirect.com/science/article/pii/S0003347212004356?via%3Dihub
https://academic.oup.com/bioscience/article/64/3/181/224408
https://link.springer.com/article/10.1007%2Fs10393-017-1280-7
https://ur.booksc.eu/book/37036883/f2751c
https://www.sciencedirect.com/science/article/pii/S000632071200362X?via%3Dihub
https://link.springer.com/article/10.1007%2Fs10393-013-0880-0
http://pub.chinasciencejournal.com/BiodiversityScience/34324.jhtml
https://link.springer.com/article/10.1007%2Fs00442-015-3311-9
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/jzo.12218
https://link.springer.com/chapter/10.1007%2F978-4-431-99495-4_3
https://conbio.onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2003.00059.x
https://oxford.universitypressscholarship.com/view/10.1093/acprof:osobl/9780199663217.001.0001/acprof-9780199663217-chapter-3
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2010.01870.x
http://www.thejaps.org.pk/Volume/2021/31-01/01.php
https://www.mdpi.com/2076-2615/10/8/1333
https://www.science.org/lookup/doi/10.1126/science.1219013
https://link.springer.com/article/10.1007%2Fs11769-014-0703-4
https://www.sciencedirect.com/science/article/pii/S0006320716302403?via%3Dihub

Zoological Studies 60:52 (2021)

Xu H, Tang X, Liu J, Ding H, Wu J, Zhang M, Yang Q, Cai L, Zhao
H, Liu Y. 2009. China’s progress toward the significant reduction
of the rate of biodiversity loss. BioScience 59:843-852.
doi:10.1525/bi0.2009.59.10.6.

Young JK, Olson KA, Reading RP, Amgalanbaatar S, Berger J.
2011. Is wildlife going to the dogs? Impacts of feral and free-
roaming dogs on wildlife populations. BioScience 61:125-132.
doi:10.1525/bi0.2011.61.2.7.

Zaman M, Rakha BA, Bao H, Vitekere K, Jiang G. 2020. Effect of
habitat factors and predator density on the spatial abundance of

© 2021 Academia Sinica, Taiwan

page 16 of 16

cape hare (Lepus capensis) in the Karakorum Range. App Ecol
Env Res 18:2921-2934. doi:10.15666/acer/1802_29212934.

Zheng JG, Zhang YF, Wang Y, Dong DP. 2009. The characteristics of
plant distribution and diversity in the middle section of Taihang
Mountain. Henan Science 27:292-294. (in Chinese)

Zhu M, Zaman M, Wang M, Vitekere K, Ma J, Jiang G. 2021.
Population Density and Driving Factors of North China Leopards
in Tie Qiao Shan Nature Reserve. Animals 11:429. doi:10.3390/
ani11020429.


https://academic.oup.com/bioscience/article/59/10/843/237410
https://academic.oup.com/bioscience/article/61/2/125/242696
http://aloki.hu/pdf/1802_29212934.pdf
https://www.mdpi.com/2076-2615/11/2/429

	BACKGROUND
	MATERIALS AND METHODS
	Study Area
	Methods
	Data Collection
	Data Analysis
	Spatial patterns
	Temporal patterns
	The spatiotemporal value (STV) for species’ interactions

	RESULTS
	Overall Trend in Capture and Multi-Year Changes
in Species Estimates

	Spatial Multi-Year Patterns
	Multi-Year Co-occurrence Estimates
	Temporal Patterns

	DISCUSSION
	Overall Species’ Site and Time Occupation Patterns
	Spatiotemporal Overlap Patterns

	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

