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Abstract

Optimal escape theory predicts that animals would balance the costs and bene-
fits of flight. One cost of not fleeing is the ongoing cost of vigilance for upcom-
ing environmental threats. Our results show that FID increases for vigilant
hares with predator starting distance, due to the costs acquired by continuing to
scan for ecological dangers. The presence of conspecifics within proximity dis-
tance for social hare was reduced FID due to collective vigilance, while a solita-
ry animal had greater FID, due to less cooperative defense for predator detec-
tion. In both seasons, detection and flight initiation distance of the focal hare
increased in open habitat due to a higher probability of detection for upcoming
danger, while dense cover provided concealment but reduced the probability of
detecting an incoming threat, reducing FID. Moreover, proximity to roads and
the nearest refuge significantly influenced anti-predator risk by compensation
energy to cope with approaching stimuli. In a landscape with heavy human
hunting in retaliation to plantations damage has modified the natural behavior
of the hare in the Shigar valley. The findings are discussed in the context of hare
FID by humans and the suggestions for management and mitigation of hu-
man-wildlife conflict are also considered.
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1. Introduction

Prey understanding of predation risk is a crucial driver of escape decision [1].
One such decision, termed Flight Initiation Distance (FID) [2], is the straight
line distance between an approaching predator and prey at which a prey begins
flight. That decision of if and/or when to flee can have significant energetic fit-
ness trade-offs [3]. Flight responses can also fluctuate according to previous ex-
posure to humans [4], individual personality [5], and hunting pressure [4] [6]
[7]. Hunted animals tend to exhibit greater FIDs than non-hunted ones (e.g.,
Masai giraffes Giraffa camelopardalis tippelskirchi [4] [6] [7] [8]); reindeer;
Rangifer tarandus [9]), and temporal variations in human presence elicit
changes in FID [10]. Nonetheless, habituation of wild animals to human pres-
ence is widespread [11] [12]. Directly attributing variation in escape behavior to
fitness is problematic [13]; however previous studies on different taxa have rec-
ognized survival effects in animals escaping from humans. For example, yel-
low-bellied marmots M. flaviventris that made suboptimal decisions as to rela-
tive time spent foraging versus hiding from humans had lower body mass and
increased over-winter mortality [14]. Social and ecological factors may impact
prey escape reactions to human and non-human predators [15] [16]. The effect
of group size on FID is well documented in terrestrial organisms, but highly in-
consistent between studies, ranging from strong positive [17], to negative effects
[18]. Effects of sex and reproductive status in escape decisions are also influenti-
al and arguably more consistent, with females generally exhibiting greater FID
and/or AD, particularly those with young (e.g., Alpine marmots M. marmota
[19]). Mammalian prey species are very sensitive to spatial variables in their en-
vironment [20] [21], particularly those affecting visibility and predator recogni-
tion probability such as topography and vegetation height. For example, the
brown hare Lepus europaeus and cape hare Lepus capensis show earlier escape
responses in shorter grass [21] [22] and, for burrowing species, vicinity to a re-
fuge is a significant predictor of FID (e.g., plateau pika Ochotona curzoniae
(23]).

One key determinant of FID is the group size [10]. Usually, the larger the
group, the greater the overall vigilance, therefore the more ears/eyes to detect
predators [16]. In turn, social animals should flee at a greater distance because of
the earlier predator detection (e.g., Gray-Cheeked Mangabeys Lophocebus albi-
gena [24]). Conversely, it is also possible that warier—albeit solitary—animals
such as hares could increase the probability of predator detection through vigil-
ance (e.g. Brown Mouse Lemurs Microcebus rufus [25]). FID is an outstanding
metric for measuring an individual’s fearfulness under certain conditions [26],
and flight response is also studied to recognize the areas where the species are
not influenced by humans [27]. This index has been studied in several species
from different taxa, particularly in birds [28], fishes or lizards [7] [29] [30], un-
gulates and small mammals [23] [31] [32] [33]. However, no study has been

conducted so far on the cape hare, a species that occurs in a heavily hunted
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landscape in the Karakorum Range. The current study will be helpful to know
least focus cape hare behaviors in the Shigar Valley, this study will also predict to
control illegal hunting and poaching of hare as well as implications for manage-
ment of habitats resource.

Additionally, cost-benefit models, such as the economic model of flight expect
that FID will be the optimized relatively than maximized base on factors linked
to direct and indirect tradeoffs of fleeing or not [34]. For example, a biotic fac-
tor, such as human stimuli are known to influence FID of animal species in the
threatening landscape [10] [35]. Additionally, detection of a predator by vigilant
animals can be anticipated in low-cover/open habitats area than in high cover
ones [10] [21] [22] [35]. The aims of our study were to test association between
hare FID and social hare in areas under high hunting pressure, with the under-
lying assumption that solitary hares would be predictable to have a higher per-
ception of anthropogenic risk and therefore flee when hunters are closer. We al-
so tested the following hypotheses: 1) Solitary animals have greater FIDs than
social ones due to the group size effect when predation risk occurs, and it is pre-
dicted that the group sizes of animal influenced predation risk [23]. Starting dis-
tance is thus extensively measured as a significant parameter to include in FID
analyses. Escape theory predicts that prey’s decision to flee depends on a preda-
tion risk calculation, which is higher by watching the upcoming predator. We
define prey refuge to assume that anti-predator decisions are also influenced by
habitat features, especially where it affects visibility and exposure probability.
Variables that influence visibility and detectability include distance to a refuge
and vegetation height.

2) Hunting and human infrastructures such as roads and vehicles are pre-
dicted to have a negative influence on hare flight response. The accessibility of
risky shelter in the landscape not only affects the spatial dispersal of the prey
themselves, but a cause by human persecution can also significantly influence

prey feeding efficiency and vigilance behavior.

2. Materials and Methods
2.1. Study Area

We conducted our study in the Shigar Valley within the Karakoram mountain
range, located along the North bank of the river Indus in Northeast Pakistan
(Figure 1). It lies at 25°25'32"N latitude and 75°42'59"E longitude and covers an
area of 4373 km” with an altitudinal range of 2260 to 8611 m a.s.l. including K2
(8611 m), Broad Peak (8047 m), Angel Peak (6858 m), and Skil Brum (7360 m)
[10]. Annual precipitation around 200 mm with a maximum of almost 600 mm
at elevations of 3962 m and snow depth maximum of 0.304 meter and a mini-
mum of 0.127 meter. Shigar 1, is located in Karakoram range part, at the eleva-
tion of 2527 m above sea level (asl) the North-East. The most common plant
species are wild rose Rosa webbiana, sea buckthorn Hippophae rhamnoides and

berberis Berberis lyceum [36]. The Cape hare is an important prey species for
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Figure 1. Sampling sites selection in the Shigar Valley, Karakoram range, in both winter and summer.
Note, each sampling session we walked out the same transects. Source of map collected from published
article by Zaman et al., 2020.

the Golden eagle Aquila chrysaetos, Tibetan wolf Canis Iupus, Red fox Vulpes
vulpes and Snow leopard Panthera uncia [10] [21] [36]. The Karakoram range is
a mostly unexplored landscape due to rugged, deadly mountainous terrain cov-
ered with narrow valleys, ravines, cliffs and ridges, and mostly glaciated moun-
tain crests. We used four distinct types of vegetation structures to categorize our
study sites: 1) closed to open (>15%) herbaceous vegetation or shrubland (20% -
50%) (<5 m); 2) (50% - 70%) grassland and barren lands (<3 m); 3) (20% - 50%)
deciduous forest plantation (>5 m) mixed agriculture land (villages); 4) closed to
open (>15%) broadleaved or needle-leaved, evergreen or deciduous forest (>5
m) (Figure 1). We performed supervised and unsupervised classification use for

habitat types [10].

2.2. Data Collection

Flight initiation distance records

Our study was conducted over three consecutive years, in Shigar Valley. We
recorded data in summer (3 June-5 September) and autumn (25 October-27
December), for years 2015 and 2019, and in summer of 2020 (2 April to 12 May).
At the beginning of each sampling session, we arrived at a distance from the hare
that allowed a clear view of the target animals without instigating flight or alert

behavior. We recorded the behavioral activities of the focal animal (usually se-
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lected as the closest to the investigators) through observations made with 10 x
42 binoculars [10]. We categorized initial activities as either “watching” or “fo-
raging and other activities” [16] [23]. We recorded whether the hare was solitary
(when there was no conspecifics within 3 m), or groups (when there was one or
more conspecifics within 3 m) and focal hare was measured as nearest-neighbor
distance [10].

At the start of each sampling session, two observers walked straight towards
the focal animal while keeping visual contact at a standardized speed of 0.5 to 1
m/s (practiced prior to the field data collection) [10] [35]. Observers changed
between sampling sessions, but wore similar clothing [10] [37]. The observer
dropped a flag at each of the following: 1) onset location of the approach; 2) ex-
perimenter location when the focal hare responded to the approach (e.g. by
moving its head in experimenter’s direction); and 3) experimenter location when
the hare started to flee, usually by running into a near refuge. Subsequently, the
following were recorded using a standard tape measure: 1) starting distance, SD
(first flag to initial position); 2) alert distance, AD (second flag to initial posi-
tion); and FID (third flag to initial position), all as straight-line measurements,
in meters (Blumstein et al, 2018; Zaman et al, 2019) (see Figure 2). We also

Starting distance (SD) ]_V [ Distance to conspecific in 3m ]

Alert distance (AD) }_l d
' X —

[ S .[ Flight initiation distance
(FID)

-
- A

<€ > ‘—-b[ Distance to refuge (DR) ]——

[ Buffer distance (BD) ]

| Anti-predator behaviour in the cape hare | ﬁ

Figure 2. Graphical representation of the five anti-predator indicators measured in this

study. Starting distance (SD) is measured as the distance at which an approaching human
begins to approach a prey. Alert distance (AD) is measured as the distance at which prey
reacts by orienting in the direction of the approaching human. Flight initiation distance
(FID) is measured as the human-prey distance when the prey begins to flee. Pre-detection
distance measures the duration a prey takes to become alert of an approaching human
(i.e., the difference between SD and AD). Buffer distance, is an estimate of tolerance con-
sidered as the distance at which a prey escaped after being alerted by an approaching hu-
man (Ze., the alteration distance between AD and FID), Distance to near refuge, were
considered a distance between FID and nearest vegetation patches, social (i.e., neighbor-
ing distance of conspecific in 3 m) or solitary (absence of conspecific within 3 m).
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measured the hares distance to the nearest refuge. Additionally, we measured
environmental variables which reflected our hypotheses, for each focal hare. We
recorded them with the aid of a rangefinder, or we obtained environmental va-
riables using Arc GIS 10.2 (see Table 1) (Blumstein ef al, 2018; Zaman et al,
2019). To prevent habituation, the observer walked a least of 100 m away from a
sampled site after each trial, thereby reducing the probability that other individ-
uals observed the trial. We piloted FID trials at intervals of >15 days to avoid ha-

bituation of the animals in each season (Zhang et a/, 2015).

2.2.1. Habitat Covariates

We surveyed the focal hare’s habitat based on cover type [38], and defined the
habitat as open area when its vegetation height was low (<5 m) and dense when
its vegetation height was high (>5 m) with low visibility of animal. The habitat
types were extracted by polygons, and we measured distance to nearest anthro-

pogenic roads, vegetation structure by ArcGIS (10.2, see Table 1) [39].

Table 1. Description of the explanatory variables included in the generalized linear
mixed-effect models for hare FID including three environmental predictors.

Fixed variables Description of variables Data type
Socials, Number of conspecifics within 3 m of focal hare,
Group size solitary (when there was no other animal within 3 m of focal Binary
hare)
. L The type of animal activity when observer started the .
Initial activities . . k . Binary
approaching: either foraging or vigilant
. . Distance (m) between experimenter and focal hare when the X
Starting distance . Continuous
former begins approach
. Distance (m) from each focal hare flight position to the .
Distance to refuge . Continuous
nearest vegetation patches
Trails number Each number of trails was observations carried out for hare. ~ Continuous
Year Year of study: 2015, 2019, 2020 Categorical
Seasons Summer and winter observations for focal hare Binary
Topography
. Altitudes converted into DEM by TIN in 3D analysis with .
Elevation R . . Continuous
projected UTM (43-N) for each coordinate of trials
Viewshed analysis determines areas visible and not visible on
Viewshed a triangulated irregular network (TIN) from one (e.g., dense  Continuous
sampling sites) to many observation sites
. X Forest/shrubland height estimated, Tall (>5 m), grassland, .
Vegetation height B
cgetation el barren land Short (<5 m) nary
Anthropogenic factor
Presence of additional pedestrians within each transects (e.g. .
Presences of humans o . Binary
tourist hikers, livestock farmers, hunters)
Distance from each location point to the periphery of the .
Road . i i Continuous
nearest roads including high-traffic and low-traffic roads
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2.2.2. Data Analyses
Initially, data were analyzed within a fitted general linear models (GLM) null
hypothesis significance testing (NHST) framework computed in R statistical

software version 3.5.0 (www.r-project.org) (R Core Development Team 2018).

The measured response variable (m) was over-fitted with full and sub set of
models, so we investigated collinearity of explanatory variables using variance
inflation factor (VIF). Variables with VIF values of >3 or averaged values across
all variables of >3 were reflected to be collinear and were thereafter removed
(Guo et al, 2017). Finally, we found no indication of correlation among the pre-
dictors used in the analysis (all the correlation coefficient were (r < 0. 61), with
remaining candidate fixed variables explained in Table 1. We fitted generalized
linear mixed-effect models with a Poisson error structure using the R packages
Ime4 and ImerTest [37]. We assumed that risk influence on a hare’s FID may be
related to 1) group size effect, 2) terrain types and 3) anthropogenic threats. We
built three different separate candidate models to fulfill the requirement of the
hypothesis test as well as the effect of habitat covariates on FID. Firstly, we built
a model (a) to check group size effect; we used only 7 fixed factors and ran four
models. Secondly, we created a model (b); at the terrain type used 3 fixed factors
and ran four models. Thirdly, we constructed models (c), anthropogenic factor
level, we used 2 fixed factors in the models and ran three models (Guo et al,
2017) (see, Table 2(a)). Again, each transect’s ID of focal hare sampling size was
included as a random factor to check variation in FID for each of the three can-
didate models (Blumstein et al, 2018). Because of the recognized relationship
of starting distance and group size with FID of focal hare in each sample ses-
sion [40] [41], these two fixed effects variables were combined with every sub-
set of the three predictor variables, because intruder starting distance and
group size are known to influence FID [23] [26] [42]. At the three levels of
analysis, for each response variable, we performed a model selection to rank all
the possible models, including the null model, as each of them could represent
a different a priori hypothesis [10]. Ranking was made by using Akaike’s in-
formation criterion corrected for small samples (AICc): we selected best mod-
els, .e. having AAICc < 2, and we calculated Akaike model weight (®i) and
subsequently we estimated parameters (standardized f coefficients, standard
errors and 95% confidence intervals) from the best models (Fattorini and Fer-
retti, 2019).

2.2.3. Ethical Approval

We conducted this observational non-invasive study according to the regula-
tions for animal welfare and conservation under the Gilgit-Baltistan Wildlife
Preservation Act 1975. In the study, the field data were collected following ethi-
cal review by Northeast Forestry University, Harbin, China, following their
recommendations for the use of animals in research and approving PhD study
“2016DFH425”. The authors obeyed with the wild animal protection law of the
People’s Republic of China.
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Table 2. (a) GIMMs selected models of Flight initiation distance (FID) for three envi-
ronmental predictor, each with number parameter (K) and delta AICC < 2, Akaike model
weights (1), and yearly focal hare of specific transects ID were random effects. Note; IA,
initial activities, SD, is starting distance, DR, distance to refuge, VH, vegetation heights;
(b) Standardized coefficients (f), standard errors (SEs) and 95% confidence intervals
(95% ClIs) of best models. Asterisks mark the 95% confidence intervals which do not in-
clude (0).

(2)
Indicator model retained k AICc AAICc ¢
(a) FID ~ group size + IA + SD + DR + (focal animal) 6 211.73 0 0.65
FID ~ group size + IA + SD + DR + seasons + (focal animal) 7  250.28 1 0.41

FID ~ group size + IA + SD + DR + year + season + (focal animal) 8  250.28 2.006  0.41
(b) FID ~ viewshed + vH + (focal animal) 4 240.51 0 0.68
(c) FID ~ presence of humans + roads (focal animal) 4 211.71 0 0.64

FID ~ group size + presence of humans + roads + (focal animal) 5 213.69 2.953  0.24

(b)
Indicator Predictor B SE 95% CI
FID (focal animal) variance = 0.012 Intercept -1.44 0.72 -1.95to—0.35*
(a) Group size (solitary) 0.86 0.25 0.25 t0 0.67*

Initial activities (watching)  0.02 0.41 0.74 to 0.80%

Starting distance 0.64 0.36 0.19 to 0.39*

Distance to refuge -0.65 033 —0.20 to —0.01*

FID (focal animal) variance =—0.103 Intercept -1.45 0.51 -3.06to —0.82*
(b) Viewshed -0.96 0.40 —2.08 to 0.40

Vegetation Height (short) 032  0.47 0.26 to 2.73%

FID (focal animal) variance = —0.676 Intercept -2.52 094 —0.01 to 2.48
(c) Presences of humans -0.01 0.14 -1.52to0-0.07*
Distance to roads -0.32 0.54 -1.23to-0.06*
3. Results

Flight response in relation to habitat covariates

We collected focal hare flight responses in the summer (n = 140) and winter
(n = 64) sample session from years 2015-2019 and 2020 in the selected sample
trails. In both seasons, we had 204 observations on 56 conspecific focal hares
(mean 0.8; range 1 - 3 flushes). All variation in our best models was explained by
four anti-predator variables: group size, initial activity, starting distance and
distance to near prey refuge (AICc: 211.73; weights: 0.659; Table 2(a)). Fur-
thermore, we observed a greater positive significant effect on FID for vigilant
and solitary hares compared to foraging and social hares (Table 2(b); Figure
3(a) & Figure 3(b)). Moreover, FID was positively correlated with the intruder
starting distance (n = 121, 0.04 to 8.12 m; Table 2(b)). Besides, group size and
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Figure 3. Difference in flight initiation distance (m) (a) between social and solitary hares
and (b) between vigilant and foraging hares. Dotted line showed the significance mean
difference between companion and initial activities. (c) The relationship between starting
distance (m) and response variable FID with significant effect in all models of generalized

linear mixed-effect models.

starting distance were not consistent both full as well subset model at terrain
type candidate model, but then again the remaining predictor was explained by
two variables (AICc: 240.51; weights: 0.689; Table 2(a)), At the terrain types
candidate model, FID was poorly explained by the viewshed (visibility of ap-
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proaching threat at different sampling trails), however a positive relationship
was observed between FID and vegetation (Table 2(b)).

At the anthropogenic level, the group size of hare did not incorporate the best
candidate model. Additionally, at the anthropogenic predictable level observa-
tion, the candidate model was best explained by two remaining explanatory va-
riables (AICc: 211.71; weights: 0.648; Table 2(a)). In the landscape level, the oc-
currence of human (n = 271) and near distance to traffic roads (n = 78) nega-
tively influence FID of either conspecific or heterospecific groups (Table 2(b)).
Our responses variable was also correlated with random factors in each expla-
natory variable and also diverse effect amongst the three different types of envi-
ronmental predictors (a, variance: 0.012; b, —0.103; ¢, —0.676) in the best incor-
porated models (Table 2(b)).

4. Discussion

Flight response of Cape hare to habitat factors

The stimuli of humans explained by hypothesis that in both cases of solitary
and social hare influenced by environmental threats, although solitary animals
were more susceptible to predation risk due to lack of multiple monitors within
a proximity distance to cope upcoming dangers (Figure 3(a)). Inversely, the
presence of a conspecific in the neighboring space in the landscape was pre-
dicted to make prey more vigilant to approaching threats by defining occur-
rences of group size effect (Figure 3(b)). It is assumed that hare vigilance can
alter through spatial and temporal scales to expand resource gain and decrease
the danger of predation [43]. These results are similar to that solitary and vigi-
lant animals are susceptible to flight [23] [44]. Social and foraging hare’s reduced
flight response was explained by the probability of predator detection related to
group size and animal decision [45] [46].

For example, under the detection hypothesis [13] [30], larger groups allow
earlier or better predator detection, resulting in greater flight initiation distance
[47], but the dilution hypothesis [48], posits that animals in large groups limit
their individual chances of being captured or confuse predators. In animal spe-
cies, living in clusters permits an individual to decrease predation risk through
greater predator recognition, or the “many-eyes hypothesis” [49]. For example,
Bank swallows Riparia riparia mobbed predators sooner in larger colonies, sug-
gesting faster detection [49]. In saddlebacks Saguinus fuscicollis, vigilance in-
creases with increasing nearest-neighbor distance, indicative of the dilution ef-
fect [51]. It seems to be beneficial for group members to use warning signals,
and several studies demonstrate this to be the case in sciurids [52]. Various stu-
dies have found an effect of nearest-neighbor distance on the vigilance of an
animal (e.g., Golden marmots Marmota caudata aurea [10]). One of the main
benefits of group living is assumed to be easier detection of predators in large
rather than small groups (“many-eyes” hypothesis; meerkats, Suricata suricata

[43]); Columbian ground squirrels, Spermophilus columbianus [44], because
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there are additional individuals that can examine for predators.

What’s more, the relationship of intruder starting distance and distance to
nearest refuge on hare flight response was also similarly observed in other
mammals [23]. We expected that in our study areas human persecution was also
altering the daily feeding efficiency of hares; such similar results were described
for other hare species, e.g. [10]. It is not known whether the flight initiation dis-
tance responses of hare in the present study were ultimately related to increased
mortality or reduced reproductive success, but they appear to be consistent with
the response (“Flush Early and Avoid the Rush”) hypothesis [30]. However, one
disadvantage of a study such as this is that, although we consider close-proximity
individuals to be of the same group and therefore “social”, we lack demographic
or other variables, despite their potential significance [53]. We expected that ve-
getation parameter to significantly influence FID, but viewshed did not have a
significant effect. We also supposed that fuelwood collection by local people re-
duced concealment throughout the landscape and increased the compensation
of detection. Hares also spent more time in open vegetation at daytime to de-
crease predation risk, despite lower quality forage availability [38]. The experi-
mental difference in detection capability relative to landscape assembly may im-
itate a non-random distribution of individuals in space, which fluctuate in their
compassion to distribution into the different habitat level. We assumed that less
sensitive individuals would be capable to use open and visible habitats, even
when the perceived risk of predation is high, by compensating for the greater
risk through bigger vigilance levels. Inversely, more sensitive individuals would
select safer, comparatively closed local landscapes, For example, European hares
in open habitat are able to run fast, but in dense habitats, prey is anticipated to
persist due to the accessibility of refuge [22]. Additionally, plateau pika flee at
larger distances from an approaching threat when far from a refuge, as well as
vigilant animals run longer distances then foraging animals [23], and ie. the
presence of predators in the landscape also directly or indirectly limited the ac-
tivities of prey [54].

In our study area we encountered two specimens of hare killed by a vehicle
impact on the main roads at night time. The impassibility of freeways and main
roads has a negative effect on hare vigilance and spatial abundance [55]. Hunt-
ing would be more prevalent during winter when the hares have moved to lower
elevation to forage in the deciduous plantations, where they cause damage to
seedling of plantation while foraging. For example European hare Lepus euro-
paeus is a typical farmland species that has been adversely affected by livelihood
and seedling crops of agriculture land [56]. Further study needs to be conducted
on hare and predator density, and how it is affected in this human modified
landscape. It will be helpful to know the abundance and habitat assortment of

hares in current study areas for conservation and management.

5. Conclusion

It is preliminary research conducted on Cape hare flight response to environ-
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mental factors in the remote valley of Karakoram range. Our research revealed
the perceived level of both risk (in terms of landscape openness and proximity to
human infrastructure) and reward (in terms of habitat quality) influenced the
time it took for a hare to detect an approaching threat, and the subsequent time
for which the threat was tolerated prior to flight. With illegal hunting pressure in
the landscape, presence of humans and roads negatively affect FID as well.
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