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ABSTRACT

Top predators can affect the behaviour of prey species via lethal (direct kill) or non-lethal effects (i.e.,
through predation risk). For example, prey species may move from areas perceived as risky to safer
spaces where predation risk is lower, which can have important consequences for investment in foraging,
movement, and mating, and for the behaviour and habitat use of other species, such as mesopredators.
These changes in prey and mesopredator behaviours are likely mediated by the presence of predator cues
in the environment. Here, we test how different predator cues (visual and odor) from familiar and novel
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predators (brown bear and Amur tiger, respectively) influence ungulate, mesopredator, and top predator the manuscript.

visitation rates to camera trap sites in a national nature reserve in China. The comparison of these predator
types is of particular interest in this region as Amur tigers may shortly be reintroduced here. We found
that visual but not odour cues significantly affected ungulate visitation rates: ungulates showed reduced
visitation to sites with either a novel or familiar visual predator cue. When combined, mesopredators and
top predators also showed a small reduction in visitation rates to tiger cue sites compared to bear cue sites,
suggesting a possible novel predator effect. The generalisation and contextual importance of predator cues
for prey and mesopredators have been little studied. Understanding how species respond to novel cues
may help to determine extinction probabilities and overall plasticity in the face of change. This study is,
therefore, an important step forward in understanding predator cue responses at the community level. This
is also the first study to test the ecological function of Amur tiger cues in the wild environment and may
serve as essential information in the rewilding process of captive Amur tiger plans.
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INTRODUCTION

Top predators can affect the behaviour of prey species
via lethal (direct kill) or non-lethal effects (i.e.,
through predation risk) (Lima and Bednekoff, 1999;
Tolon et al., 2009; Farnworth et al., 2016). Predation risk
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their activity patterns when confronted with risk (Lima
and Bednekoff, 1999; Tolon et al., 2009). Differential use
of habitats due to variation in predation risk is known as
the landscape of fear phenomena (Laundré et al., 2001;
Hernandez and Laundré, 2005; Brook et al., 2012). Prey
species such as ungulates tend to move from “risky” zones
(e.g., where predator density is higher, or refuge scarcer) to
safer spaces (e.g., reduced predator density, more refugia
available) to reduce their predation risk (Tolon et al. (2009).
Alterations in behavior can result in trade-offs between
daily activities such as foraging, movement, and mating,
and safety behaviours, especially in high risk habitats.
For example, both ungulates and mesopredators adopt
“safety” behaviours like vigilance, reduced foraging time,
and shifting to safe habitats when under high predation
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risk (Creel et al., 2005; Li et al., 2011; Zheng et al., 2013;
Kuijper et al., 2014). Thus, top predators can indirectly
control the behavior and habitat use of mesopredators, as
well as prey (Palacios ef al., 2016).

Changes in prey and mesopredator behaviours
are likely mediated by the presence of predator cues in
the environment (Apfelbach et al., 2005; Caro, 2005).
According to Creel et al. (2008) presence of cues indicating
the availability of predators within the habitat can be
sufficient enough for prey to assess the predation risk within
the area. Top predator odour cues like feces, urine, and fur,
are used by most mammalian prey species to detect the
presence of danger during foraging; cues, therefore, help
to recognize the extent of risk (Garvey et al., 2016, 2017).
The presence of predator odours can trigger prey species
to respond by altering their behavior (Apfelbach et al.,
2005; Caro, 2005), such as decreasing visitation to specific
areas (Nersesian et al., 2012) and increased protection of
young (Schulte et al., 2013). In the presence of wolves,
elk change behaviours like vigilance levels and movement
(Creel et al., 2005, 2008). The accuracy of risk perception
based on predator cues may increase once different cues
are combined, or used in different contexts; for example
lizards and newts use predator cues in a habitat-dependent
manner, relying more on visual cues in an open area,
and odour cues in a dense vegetative habitat (Mathis and
Vincent, 2000). Visual and odour cues have the potential
to convey different information (Smith and Belk, 2001),
and may also differ in intensity and longevity (Brown and
Cowan, 2000; Kats and Dill, 2016), as well as detectability
by different species (e.g., some may have a greater ability
to detect visual cues than others based on differences in
visual acuity (Gonzalvez and Rodriguez-Gironés, 2013).

A number of studies have shown the effects of
predator cues on ungulate and/or mesopredator behavior
(e.g., Hughes et al., 2010; Cremona et al., 2014; Kuijper et
al., 2014; Wikenros et al., 2015; Natt et al., 2017; Suarez-
Tangil and Rodriguez, 2017; Wikenros et al., 2017,
Goullaud et al., 2018). However, less has been done to
identify specific cues used to assess the presence of risk at
the community level (Winnie, 2012; Beschta and Ripple,
2013; Kuijper et al., 2014). For example, although prey
get information about the proximity of predators via some
cue channels, for the most part in the type of visual and
odour cues (Kelley and Magurran, 2003), most studies
have considered only one cue. The relative importance of
cue type for different species (of both predator and prey)
is therefore relatively understudied. Further, the study on
the effects of predator cues on prey species behavior vastly
outweighs that on the effects on mesopredator species,
though this is likely to be equally important in structuring
communities, and some clear effects have been shown. For
example, Palacios et al. (2016) showed that experimental

modification of apex predator cues (e.g., predator
odour and visual cues) reduced the distance swum, the
area used and even foraging behaviours carried out by
mesopredators. Mesopredators also respond especially
quickly to predator species that have recently consumed
conspecifics (Cremona ef al., 2014).

The Siberia Tiger Park in Heilongjiang, China has
bred a reasonable Amur tiger number and is planning a
program to train and reintroduce them in the wild (Wang e¢
al., 2018). Thus, comparison of these predator types is of
particular interest in this region, as for how native prey and
mesopredator species respond to these novel cues gives
us insight into how predator-prey dynamics are likely to
unfold in this region going forward. Currently, we are in
a period of anthropogenic change; species are shifting
ranges, and animals may be encountering novel predators
that are moving into their range (Chen et al., 2011; Van
Dyck, 2012; Wong and Candolin, 2015). Knowing how
species respond to novel cues might help to determine
extinction probabilities and overall plasticity in the face of
change. To our current understanding, this is the first study
that involves captive Amur tiger ecological influence on
prey site visitation rate in the wild, which as we have noted
is likely to be important in the future as this species regains
some of its prevalence in the region.

Here, we test how different predator cues (visual and
odour) from familiar and novel predators (brown bear vs.
Amur tiger) influence ungulate, mesopredator, and top
predator visitation rates to camera trap sites in Hanma
National Nature Reserve, China. Previous work has
demonstrated reductions in visitation rate to sites where
predator cues are prevalent in both ungulates (Kuijper e?
al., 2014; Wikenros et al., 2015; Venter et al., 2017), and
mesopredators (Palacios et al., 2016; Wikenros et al., 2017,
Haswell et al., 2018; Sivy et al., 2018). We, therefore,
predict that overall, ungulate and mesopredator visitation
rates should be reduced at camera trap sites where predator
cues are present, versus sites where control cues are
present. We also predict that cue type might differentially
influence prey and mesopredator visitation rates to camera
trap sites. Different prey responds differently towards
different predator cues, but also the intensity of predator
cues determines the intensity of response (Gonzalvez and
Rodriguez-Gironés, 2013). We predict that odour cues
might induce a weaker response in terms of visitation rate
because they are more affected by wind and are likely to be
less long-lived than visual cues (Brown and Cowan, 2000;
Kats and Dill, 2016). We also predict differences in prey and
mesopredator response to predator cues based on predator
type. Correct identification and response to predator cues
are important for prey species fitness and often relies on
experience (Carthey and Blumstein, 2017; Saxon-Mills
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et al., 2018). Due to this, prey species may show a very
minimal or no response to cues from a novel predator or
one that has not existed in a system for many generations
(Saxon-Mills et al., 2018). Amur tigers have been absent
from this region for many decades with no reported
sightings in our study area in recent history (Turvey et al.,
2017). We predict that prey and mesopredator response to
familiar predator cues (brown bear visual odour cues) will
be greater (a more significant drop in visitation rate) than
the response to novel predator cues (tiger visual and odour
cues).

MATERIALS AND METHODS

Study site

This study was conducted between July 2016 and
June 2017 in the Greater Khingan Mountains of Hanma
National Nature reserve (51°2002"-51°49'48"N,
122°23'34"-122°52'46"E), close to the small city of
Genhe, Inner Mongolia, North East China (Fig. 1). In
total, Hanma comprises an area of 1073.48 km?. Habitats,
including vegetation and species characteristics, are
described elsewhere (Zhai-Penghui, 2015; Guo et al.,
2017). Predators and mesopredators present in this system
include the Eurasian lynx (Lynx lynx), wolf (Canis lupus),
wolverine (Gulo gulo), and brown bear (Ursus arctos).
Naturally occurring ungulate species include roe deer
(Capreolus pygargus), moose (dlces alces), musk deer
(Moschus sifanicus), reindeer (Rangifer tarandus), and red
deer (Cervus elaphus) (Zhai-Penghui, 2015).

Experiment design

Design

First, we established treatment plots or grids, with
one square plot for each treatment type: the visual cue
experiment comprised three plots (Aa- tiger visual, Ab-
bear visual, Ac- control), and the odour cue experiment
comprised two plots (Ba- tiger, Bb- control; Fig. 1). Plot
grids were determined randomly using the fishnet method
in ArcGIS 9.3 (Krivoruchko, 2011), which laid grid cells
of specified areas within the study area. Here, we set up
camera traps, at least 1km from each other. At first, the
odour group grids were designed to be the same as the
visual cue experiment (i.e., with one plot for the treatment
and another plot for the control), but given unavoidable
differences in environmental conditions across the
designated grid sites (i.e., mountains and swamp areas).
We, therefore, redesigned the layout for this experiment so
that each grid contained both treatment and control (i.e.,
Ba and Bb, respectively; Fig. 1) to avoid confounding
effects of habitat type. We installed a total of 113 camera
traps (LTL ACORN scouting camera; Ltl 5210 SMP and

Ltl 5210A 12MP, and Nighthawk Bestguarder SG-990V
infrared sensor trigger self-timer digital camera) in all over
the Hanma national nature reserve. In our designed study
grids there were a total of 86 cameras. We additionally
set up 27 no treatment cameras to establish baseline
visitation rates with no manipulation present; these were
placed randomly within and outside the grids to the areas
with high chances to capture mammals, i.e., nearby water
points, areas with numerous animal ways and droppings.
Cameras were set to a video mode to record for 20s at each
5s interval when triggered by an animal passing across.
The treatments and controls used were: photos of Amur
tigers Panthera tigris tigris (Kitchener et al., 2017) and
brown bear Ursus arctos (Blanco et al., 2011) as visual
cues and a blank model (vegetation) as their control.
Lastly, we used Amur tiger feces as odour cue and soil as
its control (Fig. 2).

Visual cue plots were specified as grids of 3.2 km x
3.2 km; the odour cue experiment plots were specified as
grids of 1.6 km X 1.6 km. The latter was smaller due to the
topography of this area having lower accessibility. Each
visual cue plot had 18 camera traps, and the smaller odour
cue plots had 8 camera traps each. In total we established
seven plots; two for treatments (i.e., Fig. 1A, C) and one
as control (Fig. 1C) for the visual cue experiment. The
two other plots for odour experiment were divided each
into treatment and its control due to the reasons stated
above; making it four as previously stated. We chose to
have separate plots for each treatment type as opposed to
dispersing predator cue and control sites randomly due to
the small size of the reserve which might have resulted in
treatments influencing the visitation rates of nearby camera
trap sites. The separation of treatment types ensured that
this was not the case. We are confident that there was no
effect of grid placement on visitation rates, again due to
the small size of the reserve, and because all grids were
similar in habitat and vegetation density.

Study 1: Visual cue experiment

In tiger visual grid (Fig. 1Aa), tiger visual cues (a
life-size photo of a standing tiger printed on a canvas;
Figure 2 following studies by Li et al. (2011) and Fischer
et al. (2017)) were placed at pre-designated plot points
by tying the print to two trees located adjacent to each
other. Then, cameras were tied about 50cm height from
the ground to one of the trees to record incidence of
visitation and ungulate/mesopredator behaviours. The bear
visual grid (Fig. 1Ac) was set up in the same way, with
brown bear visual cues (life-size photo of a standing bear
printed on a canvas). A control grid (Fig. 1Ab), contained
canvases printed with a photo of vegetation/habitat-like
environment. Each visual cue grid contained 18 camera
trap plots (18 x tiger, 18 x bear, 18 x controls).
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Fig. 1. Experimental sites and camera trap distribution in Hanma National Nature Reserve. Black boxes indicate reserve areas
selected for experimental treatment group sites as determined by the fishnet method in ArcGIS 9.3. Then A- visual cue experiment
(Aa- tiger, Ab- bear, Ac- control), and the odour cue experiment comprises of (Ba- tiger, Bb- control). Tiger visual (Aa) includes a
life-size photo of a standing tiger printed on a canvas which is tied to two trees that are side by side, with a camera tied to one of
the trees; the same size and settings were for the bear visual (Ac). For the control visual (Ac), a canvas with the same size as tiger
and bear visual cues was printed with vegetation colour to mimic the habitat and then tied side by side to two trees with a camera
tied to one of the trees to record visitation incidences. For the tiger odour cue experiment (Ba, b), a plastic bottle with tiger feces
(i.e., Ba groups) was tied to a tree, and then a camera is tied to the opposite tree to record the visitation rate; the same was done to
odour cue control (Bb) groups, but here the bottle was filled with soil. Finally, there were cameras at no treatment sites indicated
as white round; spots with neither treatment nor control. Red circles indicate individual camera trap sites each of which includes
one motion-triggered camera.
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Fig. 2. Experiment, and control visual and odour cues. From top left to bottom right is a tiger, bear, and control visual cues; and
tiger odour cue, respectively. Tiger odour control cue looks similar to tiger control cue with the differences in their content (tiger

feces vs. soil).

Study 2: Odour cue experiment

The Amur tiger feces from Harbin Siberian Tiger Park
were collected by hand and refrigerated (maximum of 6
days in storage) before being transferred to 150 ml plastic
bottles, pierced with small holes in order to let the tiger
feces odour escape. Plastic bottles (150 ml) with the same
volume of soil were used as controls. In both treatment
and control plots, the plastic bottle containing either soil
or feces was tied at a tree bark (Fig. 2D) at the height that
is equivalent to the camera trap height (located at opposite
tree) so that the camera could record animal incidences
of visitation at the station and behaviours expressed. Each
odour cue experiment grid contained 8 camera trap sites
(i.e., 8 x tiger feces, and 8 x controls at Figure 1Ba; and 8
x tiger feces, and 8 x controls at Figure 1BD).

Data collection
After one year of recording, we collected the memory
cards (SD) from the cameras and brought them back to

the laboratory for analysis. Using focal animal sampling
and all-occurrence methodology (Altmann, 1974; Lehner,
1992; Martin et al., 1993; Margulis, 2016) we extracted
the required data (namely — incidences in which an
ungulate or mesopredator triggered the camera to record).
Triggered recordings that were within 30 min of each other
and contained the same animal were counted as one visit.
Ungulate species detected were roe deer, moose, musk
deer, red deer, and wild boar. Mesopredators were defined
as predators or population of predators that are classified
to be in the mid-size of the available predators within the
given ecosystem (Groom et al., 2006; Prugh et al., 2009;
Wallach et al., 2015); under this definition, we detected
sable Martes zibellina and weasels Mustela nivalis in this
system. Top predators (apex predators, alpha predators
or mega-predators) were defined as large predators with
no natural predators to feed on them within the food
chain (Groom et al., 2006; Prugh et al., 2009; Sukhdeo,
2012; Wallach ef al., 2015); we detected bear, lynx, and
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wolverine as top predators in this system.

For the visual cue experiment, data were collected
from a total of 83 deployed cameras. Some cameras
stopped functioning soon after deployment (within 30
days) and were not included in data analysis (n = 3 tiger
photo cameras, n = 2 bear photo cameras, n = 6 control
cameras) resulting in a sample of 69 cameras. In this
sample, the mean length of camera activity was 280.0
days + 11.1, and the total number of mammals captured on
camera was 997.

For the odour cue experiment, data were collected
from a total of 61 deployed cameras. Again, we excluded
cameras that were active for fewer than 30 days (n = 1
control cameras, no predator odour cameras excluded),
resulting in a sample of 57 cameras. In this sample, the
mean length of camera activity was 251.6 days + 14.5, and
the total number of mammals captured on camera was 837.

We also collected data from 27 no treatment cameras,
again excluding cameras that were active for fewer than
30 days (n = 3 cameras), resulting in a total of 24 cameras.

Statistical analysis

For analysis of both experiments, the number of a)
ungulates, b) mesopredators, and c¢) top predators was set
as the dependent variable in three separate generalized
linear models (GLMs), with treatment, and number of
days of camera activity as independent variables. For the
photo cue experiment, treatment was a four-level factor:
no treatment, tiger cue, bear cue, and control cue. For the
odour cue experiment, treatment was a three-level factor:
no treatment, tiger odour cue, control cue. Given the
skew towards Os and low numbers in mammal incidence
data in both experiments, we used a negative binomial
error structure to account for overdispersion, with a
log link. All models were constructed using the glm.nb
function (MASS package; Venables and Ripley, 2002) in
the statistical software, R version 3.2.3 (R Core Team,
2015). We compared models (the full model, single-term
models, a null model) using AIC, and report the best model
(lowest AIC value). Significance values in models were
determined using likelihood ratio tests. Where treatment
was significant, we used post-hoc tests (Tukey tests) to
determine whether some treatment types had stronger
effects than others, as predicted.

For analysis of the photo experiment, we initially
constructed models containing either all four treatments,
or the two predator cue treatments grouped (i.e., a predator
cue treatment level), and tested which better fit the data
using AIC comparison (Akaike, 2011). If the model
containing the four-level treatment variable (including
both predator cue types) was within 2AICc of the model
containing the three-level treatment variables (predator

cue types grouped), we maintained the separate cue types,
as we were interested in potential differences in responses
to different predators.

In models analysing the odour cue experiment, we
additionally included cue ID as an independent variable
to account for potentially varying effects of different
individual cues, as two different tiger odour cues and two
different control cues were used. In all three models, cue
ID was not a significant predictor variable, so we do not
report results for this here.

Fig. 3. Ungulate visitation rates (individuals/day) at
camera trap sites under four different treatments: no cue,
predator photo cues (amur tiger/brown bear), and a control
cue. Treatment significantly predicted ungulate visitation
rate (X?,= 18.53, P <0.001; Table I). Visitation to sites with
the tiger cue and the bear cue differed significantly from
visitation to sites where no cue was present (tiger photo
Z =-4.51, P < 0.0001; bear photo Z = -2.97, P = 0.015,
respectively). Visitation to no cue and control cue sites did
not differ (Z=-1.65, P=0.35). Visitation responses to tiger
and bear cues were not statistically different (Z = -1.46, P
=0.46).

RESULTS

Photo cue experiment

Treatment significantly predicted ungulate visitation
to camera trap sites (X°,= 18.53, P <0.001; Table [; Fig. 3).
Post-hoc tests revealed that visitation to sites with the tiger
cue and the bear cue was significantly lower than visitation
to sites where no cue was present (tiger photo Z = -4.51, P
< 0.0001; bear photo Z = -2.97, P = 0.015, respectively).
Visitation to no cue and control cue sites did not differ,
as expected (Z = -1.65, P = 0.35). Interestingly, visitation
responses to tiger and bear cues were not statistically
different (Z = -1.46, P = 0.46). The length of camera
activity (days) was positively correlated with ungulate
visitation (X?, = 4.38, P <0.05).
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Table I.- Results from best model (GLM) of ungulate
visitation to camera traps.

Estimate S.E. VA P
Intercept 1.82 0.44 4.10
Treatment 0.0003
No cue 0.00
Tiger photo cue -1.61 0.36 -4.51
Bear photo cue -1.01 0.34 -2.97
Control cue -0.66 0.40 -1.65

Days of camera activity ~ 0.003 0.001 2.18 0.004

Table II.- Results from best model (GLM) of all
predator (mesopredator + top predator) visitation to
camera traps.

Estimate  S.E. zZ P
Intercept 0.68 0.31 2.22
Treatment 0.06
No cue 0.00
Tiger photo cue -0.83 0.59 -1.41
Bear photo cue 0.88 0.52 -1.70
Control cue -0.39 0.66 -0.59

Fig. 4. Predator (mesopredators and top predators
combined) visitation rates (individuals/day) at camera trap
sites under four different treatments: no cue, predator photo
cues (amur tiger/brown bear), and a control cue. Combined
mesopredators and top predators showed a small effect of
treatment on visitation rates (X*,= 7.43, P=0.06; Table II):
post-hoc testing showed that the only significant difference
between cue types was that visitation to bear cue sites was
slightly higher than visitation to tiger cue sites (Z = -2.62,
P <0.05).

Treatment did not significantly predict mesopredator
visitation (X°, = 1.14, P = 0.77); the null model best
described this data. Treatment also did not significantly

predict top predator visitation (X°, = 2.81, P = 0.24);
the null model best described this data. Combining
mesopredators and top predators showed a small effect of
treatment on visitation rates (X*, = 7.43, P = 0.06; Fig. 4):
post-hoc testing showed that the only significant difference
between cue types was that visitation to bear cue sites was
slightly higher than visitation to tiger cue sites (Z = -2.62,
P <0.05).

Odour cue experiment

Odour cue treatment did not significantly predict
ungulate visitation (X* = 0.71, P = 0.70); mesopredator
visitation (X*, = 1.14, P = 0.77); or, top predator visitation
(X*,= 2.81, P=0.24) to camera trap sites. The null model
best described these data in all three cases. The null
model also best described visitation rates of all predators
combined; treatment was not significant (X*,= 2.12, P =
0.35).

DISCUSSION

In this study, we tested how visual and odour cues
from familiar and novel predators (brown bear vs. Amur
tiger) influenced ungulate, mesopredator, and top predator
visitation rates to camera trap sites in Hanma National
Nature Reserve. We show that visual cues predicted
ungulate visitation rates and ungulates responded equally
to the novel and familiar predators. Odour cue, on the
other hand, did not influence ungulate visitation rates.
Mesopredator visitation was not influenced by either
cue type, contrary to predictions, though mesopredators
and top predators combined showed a weakly stronger
negative response to tiger versus bear cues, suggesting a
small novel predator effect on visitation rates. Predator
avoidance has vital biological and transformative
outcomes on communities and trophic cascades (Peacor
and Werner, 2001; Gonzalvez and Rodriguez-Gironés,
2013); nevertheless, the generalisation and contextual
importance of predator cues have also been little studied.
This study is, therefore, an essential and exciting step
forward in understanding predator cue responses at
the community level, which may have implications for
conservation in this region. There has been a study by
Wang et al. (2018) on the captive Amur tiger responses
towards its natural prey cues; here we test the response
of prey towards the Amur tiger, providing insight into its
ecological functioning in the wild environment to which it
may soon be reintroduced.

Photo cue experiment
There has been work by various authors on studying
the influence of predation risk to ungulates, but less has
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been done to identify the cue used by ungulates to assess
presence of risk (Winnie, 2012; Beschta and Ripple, 2013;
Kuijper et al., 2014), and equally little to understand
whether mesopredators use the same cues within a
community. Our results confirm that predation risk as
assessed using predator visual cues (both Amur tiger
and brown bear photos) significantly influences ungulate
visitation rate at predator cues sites. There was a difference
in visitation rate of ungulates (roe deer, moose and musk
deer) to the camera sites with tiger and bear visual cues
compared to camera sites at the control sites as well as
at no treatment sites: more ungulates visited no treatment
and control sites as opposed to sites where there were
predator visual cues. This result is in line with a study
on tammar wallabies (Macropus eugenii), showing that
they respond to visual predator cues; tammar wallabies
increased vigilance behaviours and reduced feeding rate
after confronting fox visual cues (Blumstein et al., 2000).
Our results are contrary to a study by Venter et al. (2017),
which reported that large grazing herbivores (such as
zebra, red hartebeest, and eland) do not appear to rely on
visual cues while on foraging activities. How ungulate
species respond to visual predator cues may have a size-
dependent component. For example, small prey species
such as impala, warthog, waterbuck, and kudu minimize
their chances of encountering predators by evading the
use of same space with all predators, while larger ungulate
species like wildebeest, giraffe, and zebra only avoided
sharing space with lion and leopards (Thaker et al.,
2011). Our ungulate group contained moose, roe deer, and
musk deer, with roe deer a majority. Moose are relatively
large and comparable to zebra, red hartebeest, and eland,
whereas roe deer and musk deer are much smaller. This may
explain the difference in our results from those of Venter et
al. (2017), indicating that visual cues inhibit visitation rate
to the predator visual cue camera sites. Unfortunately, our
small sample size of moose mean that we cannot further
interpret our results based on ungulate size classes, but this
would be a fruitful area of further study in this system.
We show that responses of ungulates to Amur tiger
and brown bear cues in terms of site visitation are not
statistically different, though tiger cues are relatively novel
given their long absence in this region, contrary to our
prediction that ungulates should show a stronger response
to the cue with which they were more familiar (Wiles e?
al., 2003; Carthey and Blumstein, 2017; Saxon-Mills et
al., 2018). This indicates a degree of generalization of
predator visual cues that do not appear to rely strongly on
previous experience. This is similar to Dunlop-Hayden
and Rehage (2011) results which indicated no differences
in prey reaction towards native vs. non-native predators.
Alternatively, ungulates may have been responding to

novelty per se, which in itself can elicit fear responses
(Sneddon et al., 2003). An appropriate way to test this
further might be to repeat the experiment using an
additional novel cue such as a photograph of a train or other
novel object, to determine whether the equal response to
tiger cues as bear cues is because tiger cues are inherently
novel, or because they are recognised as a predatory threat.
It is worth to note that there are no any literature which
show existence of tiger in the study area, even local people
suggest that tiger has never lived in this ecosystem.

Mesopredator release theory suggests that an
increase in apex predators also suppresses mesopredators
in the area (Haswell et al., 2018). Mesopredators are
likely to also use predator cues, for example, Switalski
(2003) suggested that when wolves are within the area
of study, coyotes use a visual cue to detect their predator
(wolves) availability. Additionally, Palacios ef al. (2016)
proposed that that presence of any kind of apex predator
cue (coral whether visual, chemical or even combined
(coral trout Plectropomus leopardus) limits the distance
its mesopredator prey (dottyback Pseudochromis fuscus)
would swim or engage in other activities like foraging.
Interestingly our study contradicts the above studies
because both Amur tiger and brown bear cues showed no
significant influence on visitation rates of mesopredators
alone (though in combination with top predators,
mesopredators showed slightly lower visitation to tiger
cue sites). This may be because brown bear are few in our
study area compared to the incidence of top predators in the
coral trout and wolf systems, hence lessening the chance
that bears interact directly with mesopredators, implying
that mesopredators might not use bear visual cues (but
may still respond to a novel cue, such as the tiger).

Odour cue experiment

Wikenros et al. (2015) studied the response of red deer
and roe deer to Eurasian lynx olfactory cues, concluding
that both red deer and roe deer decreased their visitation
duration at the treatment sites. Also, Noell (2013) states
that ungulates have a strong ability to detect the smell,
but their response to predator cues vary (Apfelbach et al.,
2005). We predicted that odour cue would predict ungulate
visitation rates significantly in the wild, but this was not
the case in our study. Nevertheless, our data support other
previous findings that indicate that predator cues do not
affect deer visitation rate to the chemical cue environment
(Kimball et al., 2009; Elmeros et al., 2011). We believe
that wetness and wind have a role in determining the
effectiveness and longevity of odour cues. The odour cue
experimental sites were located in the mountain that faces
a large swamp area that contains water in summer and
autumn. This might have influenced our result too due to
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the wet wind that blows towards the side of the camera trap
experiment site. The current study acts as a foundational
base for another ecologist to carry out further experiments
on the ecological functioning role of captive Amur tiger
odour in the wild.

Our result is in line with numerous other studies
which reported that there is a weaker response of
mammalian mesopredators (Garvey et al., 2016) towards
the risk posed by their top predator. Tiger odour cue did
not predict mesopredator visitation to the camera trap
sites. Sih et al. (2010) suggested that prey species may
need to have preceding experience toward the predator
chemical cue before an experiment can be done. We agree
with this idea; and we think that mesopredators of our
study area might have evolved a lack of fear of tigers due
to unfamiliarity (Suraci et al., 2017). This is because as
discussed in the visual cue experiment that there is no clear
record evidence that tiger ever existed in the area recently;
but some archives indicate that there are signs for the tiger
to have existed in the area in the distant past (Turvey et
al., 2017). The same reasons (wetness and windward side)
discussed in the above paragraph for ungulates applies here
too. It would be informative to repeat the experiment using
the familiar predator odour cue (brown bear), as the lack of
response by both ungulates and mesopredators toward the
tiger odour cue may have been due to lack of familiarity,
rather than a lack of response generally to chemical cues.
Unfortunately, we did not have access to suitable brown
bear cues for this study.

Visual vs odour cues influence on visitation rate

Normally visual cue indicates the predator is present
and prey/mesopredator will be in immediate danger if
they come face to face with the cue, this means they have
to minimize unnecessary movements or opting to flee
from the area. However, feces may mean that there is a
tiger in the area but investigating the cue could provide
information on the sex of the donor, what it has eaten,
etc. Tigers are territorial and the feces were fresh, it could
mean that the donor is not likely to be back to this spot
for a while and therefore the area is safe in the immediate
future. Hence less fear, similar to our results. Apfelbach
et al. (2005) indicate that body odour is a better test for
antipredator responses than feces or urine, and studies of
antipredator responses are moving towards using body
odour if possible rather than feces as it is a less confusing
cue of immediate predator presence.

CONCLUSION

To our understanding, this is the first study to test
the ecological function of Amur tiger cues in China

and possibly worldwide in the wild environment. We
demonstrate that captive Amur tiger visual and odour cues
do not predict mesopredators and top predator visitation
rates significantly, but both captive Amur tiger and brown
bear visual cues predict the visitation rate of ungulates
significantly to predator treatment sites. Our results
have laid down foundations on the understanding of the
ecological functioning of captive Amur tiger visual and
odour cues. Therefore our study together with that of Wang
et al. (2018) may save as key in the rewilding process of
captive Amur tiger plans.
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