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Abstract Pastoralism is pervasive and has a long history
across the rangelands of Trans-Himalaya. Disturbance
associated with pastoralism can influence the behaviour of
wild animals; hence, it is important to better understand its
effects on wild animal behaviour. We compared the activity
budget of the Himalayan marmot (Marmota himalayana)
between areas experiencing both high and low levels of
pastoralism, in the Upper Mustang region in Nepal. Scan
sampling was used to collect diurnal activity budget data on
adult marmots, whereas 2 min focal observations were
made on foraging marmots to assess vigilance during for-
aging. Contrary to our prediction, there was no significant
difference between areas of high and low pastoralism in
terms of foraging behaviour. However, the vigilance activity
of marmots was significantly influenced by the extent of
disturbances associated with pastoralism. Marmots scanned
the surroundings more often while foraging and spent more
time scanning in high pastoralism sites as compared to
marmots in low pastoralism sites. Although we found no
direct negative effects of pastoralism on foraging time,
marmots shifted the time of day when they foraged. This
study suggests that marmots adjust their vigilance behaviour
according to the environmental conditions in which they
occur. These findings have important implications for the
conservation of marmots in the wake of increasing pastoral
activities and consequent increases in human-wildlife con-
flict in Nepal.
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Introduction

The Himalayan marmot (Marmota himalayana) lives in
colonies in the high altitude mountains and rangelands
of Nepal where nomadic pastoralism occurs (Nikol’skii
and Ulak 2007). Himalayan marmots are considered one
of the highest elevation living mammals in the world
(Nikol’skii and Ulak 2006). The Trans-Himalayan
landscape is undergoing considerable changes with
expanding developmental projects and changing socio-
economic conditions (NTNC 2008). This, coupled with
predicted rapid climatic and phenological changes in the
Himalaya (Shrestha et al. 2012; Aryal et al. 2014a), is
likely to provide suitable conditions to expand and
intensify pastoralist activities in Nepal. These predicted
changes in the nature of Nepalese pastoralism may in-
crease human-wildlife conflict in the region (Aryal et al.
2014b), and have potential detrimental effects on mar-
mot foraging activities due to competition with grazing
animals (Shrestha and Wegge 2008).

Foraging theory suggests that animals maximize their
rate of energy intake whilst minimizing the risk of pre-
dation (Verdolin 2006). There is a trade-off for animals
in terms of the benefits associated with obtaining food
and risks of predation (Lima and Dill 1990). Animals
often make two types of behavioural adjustment in re-
sponse to the perceived risk of predation: vigilance and
group formation (Caro 2005). Vigilance has long been
recognized as an anti-predator behaviour, where animals
scan the surroundings for predators (Lima and Bed-
nekoff 1999; Treves 2000). Vigilance entails costs be-
cause it requires time and attention otherwise spent on
activities such as foraging and resting (Fortin et al.
2004a). Vigilance not only influences the time spent
foraging, but it also can affect their feeding efficiency
through food intake rate (Fritz et al. 2002). If foraging is
limited, this could affect energy intake, which may have
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significant consequences on an animal’s body mass and
population viability (Ozgul et al. 2010).

Wild animals such as marmots normally perceive hu-
mans and their livestock as potential predators. Therefore
the effects of human disturbance are analogous to natural
predation risks (Frid and Dill 2002; Beale and Monaghan
2004). Previous studies have described how anthro-
pogenic disturbances are associated with behavioural
changes in marmot species (Neuhaus and Mainini 1998;
Semenov et al. 2002). Human disturbance strongly
influences the behaviour in marmots populations, and
under perceived risk of disturbance, marmots become
more vigilant (Griffin et al. 2007; Li et al. 2011). The cost
of disturbance is a waste of time and energy (Houston
et al. 2012) and in a human-dominated landscape such as
the Trans-Himalayan rangelands, animals are much more
likely to be disturbed by humans than by natural preda-
tors (Ciuti et al. 2012). Hence, quantifying activity budget
to estimate the consequences of anthropogenic distur-
bance is an essential first step towards understanding the
potential long-term energetic consequences for animals
(Christiansen et al. 2013).

Foraging is particularly important for hibernating
mammals such as marmots, which exhibit a circannual
rhythm of energy intake and body mass (Dark 2005).
This is because increased energy intake during summer
active months is strongly correlated with winter survival
and reproduction (Kuhn and Vander Wall 2008). Recent
studies of other marmot species have found a relation-
ship between increased body mass gained over the active
season and survival during hibernation, reproduction
rates, and subsequent litter and population size (Ozgul
et al. 2010; Tafani et al. 2012). However the efficacy of
successful foraging is strongly associated with time in-
vested otherwise in vigilance and other behaviours.

Vigilance is influenced by several factors (Armitage
2014), including distance to burrow (Blumstein et al.
2001), visibility (Bednekoff and Blumstein 2009; Ferrari
et al. 2009), distance to other neighbours (Fernandez-
Juricic et al. 2007), age and sex (Neuhaus and Mainini
1998; Lea and Blumstein 2011), reproductive status
(Childress and Lung 2003), type of stimuli (Blumstein
et al. 2009; Li et al. 2011), parental status (Lenti Boreo
2003), and human activities (Griffin et al. 2007). In
general, animals invest more time in vigilance behaviour
in areas experiencing high risks (Unck et al. 2009).
Moreover, the response of animals often varies in terms
of their familiarity to the risk (Crawford et al. 2012).
Studies have shown that animals can learn about threat
levels and adjust their behaviour accordingly (Ikuta and
Blumstein 2003).

The aim of this study was to investigate the influence
of anthropogenic disturbance associated with pastoral-
ism on the activity budget and vigilance strategy of Hi-
malayan marmots. Recent work on the Himalayan
marmot (Poudel et al. 2015) found a temporal shift in
activity patterns in relation to pastoralism. In Nepal,
marmot colonies often occur in rangeland environments
also used by domestic livestock (Aryal et al. 2013, 2015).

Himalayan marmots are subject to livestock distur-
bances which have the potential to affect the time spent
on different behavioural activities (e.g. foraging). We
predict that marmots would spend more time being
vigilant, and correspondingly less time foraging in areas
experiencing high levels of disturbance associated with
pastoralism. We also tested the prediction that marmots
foraging in areas experiencing high levels of disturbance
from pastoralism would scan the surroundings more
often, and spend more time on scanning, than foraging
marmots in low pastoralism sites.

Materials and methods
Study species and area

The Himalayan marmot (Sciuridae: Marmota hima-
layana Hodgson, 1841) is a social, burrowing, herbivo-
rous mammal that lives in alpine and sub-alpine
meadows in the mountains of central Asia (Armitage
2000; Nikol’skii and Ulak 2006). The species is catego-
rized globally as ‘Least Concern’ on the [TUCN Red List;
it has a wide geographical distribution, but its popula-
tion trend is largely unknown (Molur and Shrestha
2008). They occur in the areas between timber line and
snow line, at elevations of 3000-5500 m above sea level
(Nikol’skii and Ulak 2007; Aryal et al. 2015). They live
in colonies, the size of a colony reaches up to 50 ha and
consists of 5-30 family groups (Nikol’skii and Ulak
2007). The species remains active from April to
September, and hibernates for the remainder of the year.
The young are born toward the end of hibernation or
after the animals have emerged from hibernation, after a
I-month gestation period (Smith et al. 2010). The litter
size usually ranges 2—11 young (Smith et al. 2010). They
dig numerous deep burrows (Nikol’skii and Ulak 2007),
and are shared by colony members during winter
hibernation (Molur and Shrestha 2008). They depend on
burrows as a refuge (Berryman and Hawkins 2006).

The daily activity pattern of Himalayan marmot, like
all other species of marmots, is bimodal, mostly active
during morning and late afternoon (Poudel et al. 2015).
Livestock grazing pastures provide an ideal habitat for
the marmots (Nikol’skii and Ulak 2006). Himalayan
marmots serve as important prey for many predators,
for example snow leopards (Panthera uncia), and brown
bears (Ursus arctos) (Aryal et al. 2012, 2014c; Devkota
et al. 2013). They are ecologically important and some-
times described as an ‘ecosystem engineer’ because of the
role they perform in vegetation dynamics (Bagchi et al.
2006; Davidson et al. 2012). Marmots are especially
vulnerable to environmental changes associated with
climate change (Inouye et al. 2000; Ozgul et al. 2010;
Armitage 2013). The Himalayan marmot is one of the
least-understood marmot species (Le Berre and Ra-
mousse 2007), whose ecology is poorly known (Ni-
kol’skii and Ulak 2007).
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Fig. 1 Location of the Upper Mustang region of Annapurna
Conservation Area (shaded) in Nepal (a), and location of the study
area (within the box) in the Upper Mustang region (b). Upper
Mustang region includes seven Village Development Committee
areas (VDCs)—Lhomanthang, Chhonhup, Chhoser, Surkhang,
Chhusang, Ghami and Charang. VDC is the smallest political unit
in Nepal and commonly in use

This study was conducted in the Upper Mustang re-
gion (N29°10’, E83°54’) of the Annapurna Conservation
Area in northern Nepal (Fig. 1). The Upper Mustang
region is located in the Himalayan rain shadow area; it is
a desert-like landscape, and characterized by an arid
climate (average annual rainfall <200 mm) and strong
desiccating winds (Ohba et al. 2008). Most precipitation
occurs in the form of snow during winter (from
November until February), whilst some rainfall occurs
during the monsoon (June—August). The daily temper-
ature falls below freezing for 191 days, and has a max-
imum temperature of 18 °C in July and a minimum of
—12 °C in January (Pokharel and Chetri 2006). The
vegetation has been characterized as a Trans-Himalayan
steppe dominated by a scarce and scattered patches of
thorny cushion plants (e.g., Caragana spp., Astragalus
spp., and Lonicera spp.), while grasses, sedges and forbs
are also common on some meadows and grasslands
(Ohba et al. 2008).

We conducted the study in the Lhomanthang and
Chhonhup Village Development Committee (VDC)
areas (Fig. 1) where marmots are widely distributed,

95

located in a typical high alpine meadow, ranging above
4000 m asl. There is a long history of animal husbandry
and pastoralism in these high altitude rangelands
(Schaller 1977). The livestock assemblages of the region
typically include: goat (Capra hircus), sheep (Ovis aries),
cow (Bos indicus), yak (Bos grunniens) and horse (Equus
caballus) (Aryal et al. 2014b). We conducted a recon-
naissance survey before the beginning of this research
and characterized the present grazing regime. We esti-
mated approximately 8500 livestock (5600 goats/sheep,
800 cows, 600 horses and 1500 yaks) grazed in the study
area during the study season. Pastoralists corral the
livestock every evening inside their villages, or near to a
pastoral camp, and then herded out to surrounding
grazing areas each morning accompanied by herders and
their herding dogs. Yaks were semi free-ranging, i.e.,
herders release the yaks for grazing in the morning and
are herded back to campsites in the evening, but did not
follow the yak herds throughout the day, whilst goats,
sheep and cows were herded at farther distances from
the campsites (or villages) by herders and brought to the
campsites (or villages) in the evening. Goat and sheep
were herded in mixed herds, the size of which generally
ranged 100-300 individuals. Detailed descriptions of the
grazing system in the region can be found in Pokharel
and Chetri (2006) and Paudel and Andersen (2010).

The Tibetan woolly hare (Lepus oiostolus) is the only
wild herbivore that shares the study area with marmots
during summer. Snow leopards and brown bears are
known to use this area (Aryal et al. 2014b), especially
during winter, but no terrestrial predators were observed
during the fieldwork period. The Golden eagle (Aquila
chrysaetos) is the only avian predator known to feed on
marmots. Hence we assumed that the risk from natural
predators was similar across sites.

Selection of study sites

Behavioural data was collected from thirty different
marmot sites selected across the study area. Because the
average area of a family group of Himalayan marmot
generally ranges 0.5-1.7 ha (Nikol’skii and Ulak 2007),
and maximum distance travelled from their burrows is
48 m (Poudel et al. 2015), we defined a marmot ‘site’ as
an area encompassing the burrows occupied by a family
group or interacting family group within a radius of
approximately 100 m, that was separated from other
marmot sites by a minimum of 270 m. This process of
site selection was developed to avoid resampling the
same individual in more than one site, and ensure sites
were independent of each other in terms of behavioural
interactions.

At cach site, the extent of disturbances associated
with pastoralism was assessed using the following attri-
butes: presence of livestock, humans, and dogs (Griffin
et al. 2007, Namgail et al. 2007); distance to camps
(Sasaki et al. 2009; Dorji et al. 2013); and the density of
major human/tractor trails (Cingolani et al. 2008; Pau-
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del and Andersen 2010). We continuously recorded the
number of livestock herds, humans and guard dogs that
passed through each site during daylight hours, from
0700 to 1900 h over two consecutive days. The distance
of each site to the nearest pastoral camp was measured.
The total length of major human/tractor trails was
estimated in each site. Each attribute was first scaled and
assigned an ordinal value between 0 and 5 based on their
intensity of effects. We then calculated a combined index
of disturbance for each site. Owing to a marked bimodal
distribution of this index, we divided the sites into the
two pastoralism disturbance categories: ‘low’ and ‘high’
pastoral activity sites.

This process resulted in the selection of 20 ‘low’ and
10 ‘high’ pastoral intensity sites for subsequent marmot
observations. In general, ‘high’ sites were closer to pas-
toralist camps, and frequently exposed to disturbances
from domestic livestock, human and dogs; whereas ‘low’
sites were farther away from camps and were infre-
quently disturbed by pastoralist activities (see supple-
mentary material, Table S1). Through the use of
multiple sites in each level of pastoralism (high and low)
and use of mixed modelling approach (see below), we
minimized and segregated the effects of site-specific
conditions on marmot behaviour. Using this approach,
we also ensured that the average group size of adult
marmots in high and low sites was similar (‘high’
mean = 3.6, range = 2-7 individuals; ‘low’: mean =
3.0, range = 2-5 individuals; Mann—Whitney test:
U = 89, P = 0.63, n = 30).

Marmot activity budget

We conducted behavioural observations using an
instantaneous scan sampling method (Altmann 1974;
Martin and Bateson 2007). For simplicity, marmots
were classified into two age-classes based on body size:
juvenile (less than one year or in their first summer) and
adult (=2 years old). Young were markedly smaller rel-
ative to the adult individuals. In the current study, only
adult marmots were considered to control for age effects.
At each site, the activities of all the visible adult mar-
mots were recorded at 15-min intervals during daylight
hours, between 0700 and 1900 h, over 2 consecutive days
from mid-June to early July. The observation period
coincided with the period when the young had emerged
above-ground. Observations were made from an unob-
trusive vantage point, usually behind the rock or shrub
(at distances 60-150 m from the site, where a ‘site’
encompassed a buffer area of at least 100 m radius—see
site selection criteria), at which they showed no evidence
of reactions to observers. For each scan, we recorded the
above-ground activity of each marmot, using binoculars
(8 x42) and a telescope (20-60x). We accumulated
735 h (high sites: 245, low: 490 h) of direct observations
of marmots at 30 sites.

Activities were classified as: (1) foraging; (2) vigilance;
(3) travelling; (4) resting; and (5) other activities. For-

aging was defined as the act of ingesting forage with the
animal’s head down. We defined vigilance behaviour as
the scanning behaviour. Scanning is the best estimate of
vigilance (Armitage and Chiesura Corona 1994; Chil-
dress and Lung 2003), where an animal pauses feeding or
other behaviour, and raise their head up to scan the
surroundings. Travelling included walking and running.
Resting was defined as normal lying at rest and sunning-
out activity. ‘Other’ activities (playing, fighting, burrow
digging, and grooming activities) were also recorded.

Vigilance behaviour during foraging

Whilst marmots were foraging, we used a focal animal
sampling approach (Altmann 1974; Martin and Bateson
2007) to record marmot scanning behaviour to estimate
the extent of their vigilance. Each site was visited 2 times,
in the morning (0800-1100 h) and in the evening
(1500-1800 h) periods, when Himalayan marmots were
most active (Poudel et al. 2015). During each time, focal
observations were made on 2-3 individuals, so the num-
ber of observations in a site varied from 4 to 6. For each
focal sample, a foraging marmot was randomly selected
and observed for approximately 2.5 min, following the
methods of Blumstein et al. (2001). The 2.5 min animal
observation period was selected, because longer time
periods would include activities other than foraging and
vigilance (Blumstein 1996). Successive observations were
separated by 1 h intervals. Because marmots were not
marked, and individual identification was not always
possible, it was probable that one marmot contributed to
more than one point in our dataset (though changes in
foraging group size were noted). To minimize potential
pseudoreplication (Hurlbert 1984), we observed marmots
in randomized feeding locations for each site in any time
period (morning or evening). To avoid resampling of the
same individual, we systematically shifted our focus to
different individuals in a group. In total, 52 observations
were recorded from 10 high pastoralism sites, and 101
observations from 20 low pastoralism sites.

Only adult marmots were considered to control age
effects. Observations were made on foraging marmots
(Blumstein et al. 2004) when no young were present. We
conducted this study from mid-June to early July, 2014.
The days of observation were randomized among 30 sites
to prevent potential bias that would arise if we first ob-
served one set of sites (‘low’ or ‘high”). It was not possible
to discriminate sex of focal marmots from distance. We
assumed that the bias associated with sex was minimal
because we randomly selected focal animal and observed
152 marmots, which is large relative to the categories of
sex. These observations were dictated into SONY IC
Recorder (ICD-UXS512F/UX513F). Marmots were ob-
served from an unobtrusive vantage point, usually be-
hind a rock or shrub, located at distances of 60—-150 m
from the focal animal. Care was taken not to disturb the
focal animal prior to, or during the observation period.
When the focal individual moved out of sight (e.g., be-



hind a rock or a shrub) or fled to a burrow, the sampling
attempt was aborted. Samples were also discarded when
marmots were disturbed by the following: (1) calls from
another individual, (2) the presence of a herder or the
observer, or (3) a natural predator (e.g., a golden eagle).
Samples were also discarded when an animal moved
more than 10 m during an observation period.

For each observation, we recorded the time of day,
foraging group size (number of marmots within 15 m
from the focal marmot) and distance from nearest bur-
row, which were hypothesized to influence vigilance
(Blumstein 1996; Blumstein et al. 2004). Distances were
measured with a Laser Rangefinder (MDL LaserAce
1000). For each observation, SONY recorder data were
downloaded, and the first 0.5 min of observation was
discarded and not analysed to remove any biases associ-
ated with the initiation of the observation period (Griffin
et al. 2007). Animal recordings were transcribed and
scored using JWatcher 1.0 (Blumstein and Daniel 2007).

Statistical analysis
Activity budget

We calculated the proportion of time marmots allocated
to each of the five activities per scan for each site. We
used the maximum number of marmots observed in any
one scan on any day as the total population. Temporal
patterns of marmot activities were analysed during 3
time periods: morning (0700-1000 h), midday
(1001-1600 h), and evening (1601-1900 h). For each
period, we averaged the proportion of activity time spent
above-ground from all scans to get a single value per site
(N = 90, 30 sites x 3 periods). These periods followed
the local time of livestock herders, and represented dif-
ferent periods of risk to marmots. In high pastoralism
sites, mornings and evenings were considered high risk,
when herders and their dogs were near to the marmots,
and the midday period was considered low risk as the
herders were far from the marmots, and vice versa in low
pastoralism sites.

General linear mixed models (LMM) were used to
investigate the effect of pastoralism and time of day on
marmots’ activity budget. As the proportion of time
spent in each of the five activities in an activity budget
totaled 1, and hence were not independent, principal
component analysis (PCA) was conducted before the
LMM was run to extract the major axis of variation of
marmot activity budget. PCA was performed based on
the correlation matrix produced using PAST 3.0
(Hammer et al. 2001). Using this approach, components
with eigenvalues greater than 1 (Kaiser’s criterion) were
used as response variables in the LMM. The function
‘Imer’ of the library ‘lme4’ (Bates et al. 2014) in R 3.1.2
(R Core Team 2014) was used for fitting the LMM. We
entered pastoralism (factor with 2 levels), time of day
(factor with 3 levels) and their interaction (pastoralism x
time) as fixed effects into the model. To account for
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potential pseudoreplication and an unbalanced design
with unequal sample sizes between levels of pastoralism,
we used site as a random variable for all models (Pin-
heiro and Bates 2000; Bolker et al. 2009). P-values were
obtained by likelihood ratio tests of the model with the
effect in question, against the model without the effect in
question, to test for significance.

Vigilance during foraging

Three variables were used to assess vigilance behaviour:
(1) the number of times marmots scanned in a two minute
period (“Number of scan’), (2) the proportion of time
spent on scanning (‘“‘Percent time scanned”), and (3) the
average time spent on scanning (“‘Average scan time”).
Data were checked to meet assumptions for outliers,
normality, and homogeneity according to protocols de-
scribed by Zuur et al. (2010). To reduce the heterogeneity
of the variances and increase the residual normality, the
factor “Number of scan’ was square-root transformed,
and “Average scan time” and ‘“‘Percent time scanned”
were log-transformed. A Shapiro-Wilk’s test (P > 0.05),
and visual inspection of histograms and box plots,
showed that the transformed data were normally dis-
tributed for both high- and low-pastoralism sites.

To investigate which vigilance parameters differed
between the high- and low pastoralism sites, we repeated
the LMM approach (Zuur et al. 2009). We used the ex-
tent of pastoralism (factor with 2 levels) as a fixed factor.
Site was used as a random factor to account for potential
correlations amongst observations within sites, because
of repeated observations from the same site, and due to
uneven sample sizes amongst sites. Prior to running the
LMM, we used correlations and the general linear model
to determine whether distance to burrow and foraging
group size (both continuous) and time of the day (factor
with 2 levels: morning and evening) influenced any of the
three scanning behaviours. We found a significant rela-
tionship on scan frequency, so included them as covari-
ates for all models. We analysed the three vigilance
variables in separate models, with pastoralism, group
size, distance and time as predictor variables.

We defined a set of a priori models (supplementary
material, Table S2) and used the Akaike Information
Criterion (AIC) to select the most parsimonious ones
(Burnham and Anderson 2002). For each analysis, we
present the best models (AAIC < 2; Burnham and
Anderson 2002), as well as the null model for compari-
son. The relative importance of factors was determined
by summing the Akaike weight of the models containing
these factors (AAIC < 2). Model averaged coefficients
and relative importance of factors were calculated using
the ‘model.avg’ function of the ‘MuMIn’ package
(Barton 2014). A factor was considered significant if
P < 0.05, and model R?> was used to evaluate the
ability of each model. Marginal R? (proportion of
variance explained by the fixed factors) and conditional
R? (proportion of variance explained by both the fixed
and random factors) were calculated according to
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Nakagawa and Schielzeth (2013). All analyses were
carried out in R 3.1.2 (R Core Team 2014).

To assess whether the marmots could be correctly
classified into pastoral categories (high and low pas-
toralism) based on vigilance behaviour, we conducted a
nested permuted discriminant function analysis (pDFA)
(Mundry and Sommer 2007). The pDFA was conducted
in R 3.1.2 (R Core Team 2014) using a function (pro-
vided by R. Mundry) with the ‘MASS’ package (Ven-
ables and Ripley 2002) loaded. Before conducting the
pDFA, we performed PCA on the correlation matrix to
reduce the number of vigilance variables because of high
inter-correlations. PCA analysis generated 2 compo-
nents (PCA 1 and PCA 2) with eigenvalues greater than
1. These two components explained 97.5 % (PCA 1:
58.28 %, PCA 2: 39.22 %) of the total variation in the
original vigilance behaviour. These components scores
were used as variables for pDFA. The pDFA used 20
sites and four samples per site (number of cases se-
lected = 80) to derive the discriminant functions.
Remaining cases (153 — 80 = 73) were used for cross
validation. The random selection of observations to be
cross-validated was repeated 100 times and the results
were averaged. A total of 1000 permutations were con-
ducted for the analysis. Results were considered signifi-
cantat P < 0.05. Alldataare reported asmeans £ 95 %
confidence intervals unless otherwise stated.

Results
Activity budget of Himalayan marmots

Marmots spent more time in their burrows than in any
other activity for both low and high pastoralism sites
(low = 65.7 % of daylight hours; high = 67.5 %).
When above-ground, marmots spent more time foraging
(approximately 54 % for all sites) than in any other
activity. Resting was the other major above-ground
activity (low = 29.7 %; high = 23.6 %), followed by
vigilance and travelling behaviours (Fig. 2).

The PCA produced two components that together
accounted for 62.7 % (PCA 1 = 39.1, PCA 2 = 23.6)
of the variation in activity budget of Himalayan mar-
mots (Fig. 3). The first component (PCA 1) had a high
positive value for resting (0.61) and high negative value
for foraging (—0.68). Traveling and vigilance (0.55 and
0.42 respectively) were highly positively associated with
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Fig. 3 Principle Components Analysis (PCA) plot of marmot
above-ground activities in high (solid circles) and low pastoralism
sites (open circles). Fitted vectors (solid lines) show the strength and
direction of the linear correlation of each individual behaviour with
the PCA axes

PCA 2, while ‘other’ activity was negatively correlated
(—0.69) with PCA 2 (Fig. 3). This analysis showed few
patterns in above-ground behaviours in low pastoralism
sites. However in high pastoralism sites, marmots tended
to show greater vigilant behaviour (Fig. 3).

LMM analyses showed that pastoralism had a sig-
nificant effect on the vigilance/travelling behaviour of
marmots (PCA 2: P = 0.01; Table 1), and explained

Table 1 Mixed effect models testing the effect of pastoralism and time of day on each of the two PCA axes representing adult marmot

activity budget in the Upper Mustang study area, Nepal

Marmot activity Effect b d.f. P

PCA 1: (foraging vs resting) Pastoralism 1.42 1 0.23
Time of day 5.02 2 0.08
Pastoralism x time of day 8.78 2 0.01

PCA 2: (vigilance and travelling vs other activities) Pastoralism 5.76 1 0.01
Time of day 2.45 2 0.29
Pastoralism x time of day 1.47 2 0.47
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Table 2 Mean (£95 % confidence intervals) percentage of time marmots foraged and rested during morning, midday, and evening in low

and high pastoralism sites

Activity Sites

Morning

Midday Evening

Foraging Low pastoralism
High pastoralism
Low pastoralism

High pastoralism

Resting

524 + 4.6
453 = 8.5
29.7 £ 5.6
29.6 + 6.4

62.6 + 7.5
50.4 + 12.4
254 £ 7.3
29.6 +£ 9.2

— U L W
01D o =
0 — = O

HH b
o Lo o
wn o KO

36 % of the variation in our model. Marmots were more
vigilant in high (mean = 15.0 % of activity) as com-
pared to low (mean = 7.8 % of total time) pastoralism
sites. However pastoralism had no significant influence
on foraging and resting behaviours (PCA 1: P > 0.05;
Table 1). Time of the day had no significant influence on
foraging or vigilance behaviour (P > 0.05), however
there was a significant interaction between pastoralism
and time of day on foraging/resting behaviour (PCA 1:
P = 0.01; Table 1). Marmots increased their foraging
activities at midday and rested more frequently in the
evening in high pastoralism sites, and vice versa in low
pastoralism sites. Compared with morning and evening,
marmots spent more time resting during midday in low
pastoralism sites, whereas this pattern was opposite in
high pastoralism sites (Table 2).

Vigilance behaviour during foraging
“Number of scans”

Marmots in high pastoralism sites scanned more fre-
quently, and spent more time on scanning, than in low
pastoralism sites (Fig. 4). Using an Akaike Information
Criterion (AIC) approach, model results showed that
the individual scanning behaviour of marmots was
strongly influenced by the extent of pastoralism (Ta-
ble 3). “Number of scan” was best modelled by
including the factors pastoralism, group size, time, and
distance as predictor variables (model weight = 0.55;
marginal R* = 0.39, conditional R* = 0.53) (Table 3).
In terms of their relative importance, most of the in-
cluded predictor variables for the model “number of
scan” were statistically significant (P < 0.05; Table 4).
This analysis suggests that marmots were more vigilant
during the evening, and scanned at high pastoralism
sites more often than at low pastoralism sites (Table 4).
By holding other predictors constant, further analysis
showed that the mean ““number of scan’ at high pas-
toralism sites was 0.79 times greater than for low pas-
toralism sites.

“Average scan time” and “percent time scanned’

The most parsimonious model for “average scan time”
contained the single variable group size, which only ex-
plained 22 % of variability (marginal R* = 0.02, condi-
tional R? = 0.22). Pastoralism was not a factor in this

_—
)
L

Number of scans

_—
Average scan time (sec.) &

o

N
N
1

12 1

Time spent scanning (%) &

0 T
Low pastoralism

High pastoralism

Fig. 4 Vigilance behaviour of Himalayan marmots, showing the
number of times a marmot scanned (a), average scan time (b), and
proportion of time spent on scanning (c), for low pastoralism and
high pastoralism sites in Upper Mustang, Nepal

top ranked model, but further models AAIC < 2 did
contain pastoralism and were considered as competitive
models, however model weights were relatively low
(supplementary material, Table S2). Similarly, the best
parsimonious model for ““percent time scanned” included
pastoralism and group size as factors, and explained
33 % of the total variation (marginal R> = 0.06, condi-
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Table 3 Linear mixed effect models, ranked by AAIC, testing the effect of pastoralism, time, group size and distance on the “‘number of

scans” for Himalayan marmots

Model* Factors AIC AAIC Weight
Number of scans I + pastoralism + group size + distance + time 247.74 0.00 0.55

I + pastoralism + group size + distance + pastoralism X group size 248.99 1.25 0.29

I (null) 295.39 47.65 0.00

AIC Akaike Information Criterion, 44I1C the AIC differences compared with the smallest AIC in the model set,  intercept, Pastoralism
high/low, Group size foraging group size, Distance distance from burrow, Time morning/evening
% Only the best models (AAIC < 2.0) and null model are presented. See supplementary material, Table S2 for all priori models

Table 4 Model-averaged parameter estimates and relative importance values for variables affecting the ““‘number of scan” for Himalayan

marmots

Measure Parameters Relative importance  Estimates 95 % lower 95 % upper  Z value P value

Number of scan  Pastoralism: low 1.00 —0.79 —1.33 —0.24 2.81 0.01*
Group 1.00 —0.28 —0.54 —0.02 2.14 0.03*
Distance 1.00 0.04 0.02 0.05 3.63 <0.001*
Time: morning 0.54 —0.18 —0.33 —0.02 2.18 0.03*
Pastoralism x group size  0.46 0.24 —0.01 0.50 1.88 0.06
Intercept - 3.15 2.71 3.59 14.15 <0.001*

* Statistical significance at P < 0.05. High pastoralism was used as the reference category for “pastoralism”, and evening for the factor

“time of day”

tional R? = 0.33), however these models were also not
strong (supplementary material, Table S2).

Comparison of vigilance behaviour during foraging
between high and low pastoralism sites

Nested permuted discriminant function analysis (pDFA)
showed that the marmots could be discriminated between
areas based on the three scanning activities (pDFA: per-
cent correctly cross-classified = 77.2 % compared with a
51.1 % random expected cross-classification; N = 73
cross-classified observations, P = 0.007). The function
correctly classified 72.7 % of the total observations se-
lected to derive the discriminant function to type of site
(high and low pastoralism), as compared to 57.8 % using
a random expected classification (pDFA: P = 0.009,
N = 80). Therefore, the vigilance behaviour of marmots
was different in high versus low pastoralism sites.

Discussion
Activity budget of marmots and pastoralism effects

This study presents the first data on the activity budget
and behaviour of Himalayan marmots. In the Nepalese
Trans-Himalaya rangelands, this species spend approx-
imately half (54 %) of their above-ground time foraging.
The percentage of time spent foraging by Himalayan
marmots was higher compared with other marmot spe-
cies, such as yellow-bellied marmots (up to 23 %; Ar-
mitage et al. 1996; Armitage and Chiesura Corona
1994), golden marmots (about 30 %; Blumstein 1998),
hoary marmots (up to 40 %; Barash 1980; Taulman

1990), Olympic marmots (about 33 %; Griffin et al.
2007).

Time spent foraging by marmots is influenced by
several factors, including food availability, season, sex,
reproductive status, and other environmental factors
(Armitage et al. 1996; Armitage 2014). In comparison to
other marmot studies, we recorded differences in the
foraging time of Himalayan marmots, which may be
explained by seaonsal differences in study timing, and
availability of food resources for different marmot spe-
cies. Food availability is regarded as the most important
factor in determining an animals’ activity budget (e.g.
Bertolino et al. 2004; Hanya 2004). For example, Ar-
mitage (2014) has suggested that food abundance has a
key influence on the foraging time in marmots. Lower
food availability can increase the searching time of an
animal, which in turn could increase foraging time. Our
results suggest that Himalayan marmots need to forage
as much as possible because food resources are often
scarce in high-altitude rangelands in Nepal. Com-
pounding this issue, these rangelands are also grazed
upon by other domestic livestock, placing further pres-
sures on limited food resources.

In our study, we sampled marmots when the young
had emerged above-ground and coincided with the lac-
tation period. This may account for greater foraging
times we recorded for Himalayan marmots, as compared
to other species (e.g. Johns and Armitage 1979; Taulman
1990; Armitage et al. 1996). For example, Armitage
et al. (1996) found that yellow-bellied marmots in Col-
orado spent more time foraging during lactation.
Methodological differences in the definition of individ-
ual behaviours also makes comparison between other
marmot studies problematic. However, given that Hi-
malayan marmots have limited above-ground time



(Poudel et al. 2015) would explain why much of this time
is spent foraging as compared to other species.

We found that disturbances associated with pas-
toralism significantly influenced the above-ground
activities of marmots, where PCA showed that mar-
mots altered the relative time spent conducting forag-
ing, resting and vigilance behaviours in relation to
grazing intensity. Though marmots showed similar
patterns of foraging in both sites, marmots in high
pastoralism sites spent more time conducting vigilance
behaviour (see main vigilance discussion below). Vigi-
lance is considered energetically costly if the time spent
vigilant reduces the time available for foraging (Frid
and Dill 2002; Fortin et al. 2004a). We found that
Himalayan marmots traded resting time for increased
vigilance time in high pastoralism sites. Resting is a
fundamentally important behaviour in terms of an
animal’s physiology (Lusseau 2004). Other studies have
found that reduced resting can cause an increase in the
expenditure of energy of an animal because its meta-
bolic rate is considerably lower in resting than in any
other activity (Bishop 1999). Consequently, increased
vigilance (rather than resting) may affect the ability of
marmots to build up fat for greater body condition
required for overwinter survival.

In terms of foraging time, the lack of response by
marmots to pastoralism confirms that foraging is an
important above-ground activity for marmots. We fre-
quently observed marmots simultaneously foraging with
domestic livestock (Poudel et al., pers. obs.). Other
studies have documented how summer foraging is
strongly correlated with over-winter survival in fossorial
squirrels (Kuhn and Vander Wall 2008). Likewise,
marmots must obtain sufficient food to replace reserves,
breed and then build up reserves again for the next
winter. The body mass gained during the growing season
is not just critical for winter survival, but for subsequent
reproduction in marmots (Ozgul et al. 2010).

We also found a significant interaction between pas-
toralism and time of day, with marmots foraging more
during the evening and resting more during the daytime
in low pastoralism sites, and vice versa in high pas-
toralism sites. Increased foraging time in high pastoral-
ism sites at midday, as compared to morning and
evening periods, can be attributed to reduced pastoralist
activities during this time. Therefore, marmots in high
pastoralism sites appear to have reduced the temporal
overlap with pastoralist activities, by adjusting their
diurnal patterns of activity and the distances moved
from their burrows in relation to the timing of pas-
toralist activities (temporal niche shift) (Poudel et al.
2015).

Our findings suggest that marmots do not compro-
mise their daily energetic needs, rather, they adjust
their behaviour according to prevailing conditions. As
such, Himalayan marmots exhibit behavioural plastic-
ity in relation to their activity budgets (sensu Armitage
2014; Maldonado-Chaparro et al. 2015). Such beha-
vioural flexibility is considered an important trait which
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can facilitate adaptations to human-induced environ-
mental changes (Tuomainen and Candolin 2011; Sih
2013).

Vigilance behaviour during foraging

The vigilance time of Himalayan marmots varied from
7.8 % (low pastoralism sites) to 15.0 % (high pastoral-
ism sites), which is consistent with previous data re-
corded for the yellow-bellied marmot (Armitage et al.
1996). Differences in vigilance time between low and
high pastoralism sites can be explained by different risks
associated with each site. Marmots at high pastoralism
sites are exposed to high levels of anthropogenic dis-
turbance than low pastoralism sites, where the presence
of humans is known to change the vigilance behaviour
of other marmots (Griffin et al. 2007).

Pastoralism was found to strongly influence the vig-
ilance behaviour of Himalayan marmots. Our data
suggests that Himalayan marmots are perhaps less vig-
ilant (i.e. in terms of scan frequency, scan time) in
comparison to other Marmota species (Blumstein et al.
2001), however their response to the presence of humans
is consistent with other published work on yellow-bellied
marmots (Armitage et al. 1996; Li et al. 2011), Olympic
marmots (Griffin et al. 2007), and alpine marmots
(Neuhaus and Mainini 1998). For example, Griffin et al.
(2007) found marked differences in scan frequency and
total time spent on scanning between sites experiencing
low to high levels of recreational use. Likewise, Li et al.
(2011) reported that yellow-bellied marmots significantly
increased the proportion of time they were vigilant when
exposed to high vehicular pressures associated with hu-
man activities.

The most striking difference between high and low
pastoralism sites was in the number of scans marmots
performed. We found that pastoralism increased both
the frequency of scanning behaviours and the total time
marmots spent on scanning. Higher scan frequency, and
correspondingly higher time spent scanning, in marmots
at high pastoralism sites can be explained by high chance
of encountering livestock, herders and their dogs (sup-
plementary material, Table S1). However, the duration
of each scan was relatively (although not significant)
greater in low pastoralism sites (Fig. 4b). Fritz et al.
(2002) described how the cost of scan duration is greater
than that of scan rate through instantaneous intake rate.
This suggests that marmots may partly reduce the vigi-
lance costs experienced with more frequent scans, by
minimizing the scan duration in high pastoralism sites.
We also observed marmots chewing while scanning
(Poudel et al., pers. obs.), which suggests that multi-
tasking strategies are used to reduce the cost of vigilance
(Fortin et al. 2004b; Makowska and Kramer 2007).
However, our analysis could not separate ‘foraging-
alert’ or ‘foraging-vigilance’ from other vigilance beha-
viours, as recorded by Armitage et al. (1996).
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Vigilance is considered a component of wariness (Ar-
mitage and Chiesura Corona 1994; Brilot et al. 2012).
Increased vigilance recorded by marmots in high pas-
toralism sites may therefore indicate increased wariness.
Besides behavioural changes, human disturbance can also
elicit physiological stress responses in wildlife (Creel et al.
2002; Ellenberg et al. 2006; Walker et al. 2006) because
animals perceive humans as a threat (Frid and Dill 2002;
Beale and Monaghan 2004). Quantifying behavioural and
physiological responses and their impacts on wildlife is
important as these can negatively impact wildlife (French
et al. 2011; Strasser and Heath 2013). For example,
Pangle and Holekamp (2010) showed increased vigilance
and higher mortality in spotted hyenas (Crocuta crocuta)
in response to human disturbance associated with pas-
toralism. As Griffin et al. (2007) discussed, further de-
tailed demographic data is required to draw inferences on
the behaviour of marmots in relation to disturbances
caused by human activities. Although we did not tag
individual marmots, by using a mixed modeling ap-
proach, we statistically controlled these confounding ef-
fects on vigilance and identified the effects of pastoralism
on marmot behaviour.

Conclusions

The Nepalese high altitude rangelands is a stressful
environment where resources are often scarce. Therefore
any potential conflict between human activities and
wildlife may have a significant effect on the ecology and
survival of species. For marmots, obtaining sufficient
food while reducing the perceived risks associated with
pastoralism is particularly important, as they have to
feed efficiently to obtain a critical body mass during the
short summer feeding period to survive winter hiberna-
tion. Our results suggest that although the total daily
foraging time is not affected by pastoralism, marmots
showed increased levels of vigilance during foraging in
areas experiencing high levels of pastoralism.

However the conventional supposition that vigilance
incurs direct foraging costs was not supported. Rather,
increased time spent in vigilance was performed at the
expense of time spent in resting and ‘other’ behavioural
activities. Such increased vigilance activity suggests
greater wariness of marmots in relation to pastoralism,
which may have detrimental impacts on the fitness of
marmots. Previous studies also suggest that marmots
can adjust their behaviour to avoid potential negative
demographic effects associated with human disturbance
(Griffin et al. 2007; Li et al. 2011; Poudel et al. 2015).
Further experimental studies are required to quantify
the effects of changes in marmot vigilance behaviour
associated with pastoralism in terms of their long-term
survival and reproduction success.
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