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Summary

The relationship of a species with its environment has always been of primary interest
among ecologists. The species living in highly seasonal environment and special habitats
at high altitudes reflect peculiar evolutionary and adaptive behavior. The small mammals
living at high altitudes such as pikas (Ochotona spp.) are of particular ecological interest
as they exhibit high energy demands, limited dispersal capability and sensitivity towards
climatic variation. Though seven species of pika are reported from the Himalayan region,
none of the species have been studied in terms of their ecology and response to
environmental variation. Keeping this in view, Royle’s pika (Ochotona roylei), a small
lagomorph and widely distributed in western Himalaya was selected to understand its
habitat use pattern and behavioural ecology. The objective of the study were: (i) To
characterize micro-habitat features associated with Royle’s pika along a subalpine alpine
ecotone and identify the factors which governs its occurrence. (1) To study the
topographical and bioclimatic factors affecting its land scape level distribution, (iii) To
understand factor governs abundance of Royle’s pika along altitudinal gradient, (iv) To
document behavioural repertoire of Royle’s pika in various season. (v) To study the
influence of habitat microclimatic condition on activity of Royle’s pika, (vi) To identify
the factors which governs the food selection decision of Royle’s pika.

The study was conducted’ in Chopta Tungnath area of Kedarnath Wildlife Sanctuary,
Uttrakahnd, India. This area was selected due to availability of pika habitat along altitude
gradient. gentle slope and year round accessibility.

Influence of habitat characteristics on Royle’s pika occurrence

Habitat characteristics of pika were studied during 2008- 2012 within forty randomly
selected plots along an altitudinal gradient from 2650 to 3680m. Each study plot was
divided into one hundred. 5mx5m squares to record data on different habitat related
variables (such as crevices size and rock dispersion). Various ecological hypotheses on
the influence of habitat characteristics on pika occupancy were formulated and tested
through discrete choice analysis. The lowest distribution limit of Royle’s pika in the
study area was rocky talus habitat in an oak-rhododendron mixed forest opening at
2650m, whereas highest was talus habitat in alpine zone at 3680n. Uniformly distributed
rock cover with small crevices was most peculiar habitat for pikas as such features allow
pikas to access and feed on a larger avea and also provide an escape cover from predators.
As Royle’s pikas are not physically efficient to make burrows, they use small crevices as
their nests. Hence, apart from high variation in climatic condition, changes in physical
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features of the habitat may reduce fitness of the pika population due to habitat loss as
well as increase the predation risk.

Factors influence Royle’s pika distribution

To understand how various bioclimatic and topographic factors affect pika distribution,
occupancy data were collected from four high altitude protected areas in Uttarakhand.
Various climatic (Bioclim) as well as topographic variables were selected based on a
priori ecological knowledge. Pika distribution map was generated using maximum
entropy algorithms (Maxent) in a geographical information system (GIS) and remote
sensing domain. Majority of high probability pika occurrence locations were found to be
in Kedarnath WS, Valley of Flowers NP, and Nanda Devi BR in Chamoli district
whereas Gangotri NP in Uttarkashi came under medium to low presence probability
category. Mean Temperature of warmest quarter, elevation and precipitation of warmest
quarter were found to be the important factors governing Royle’s pika distribution in
Western Himalaya. As Royle’s pika is talus dwelling species and prefer open area, thus
high canopy cover in a habitat (NDVI) decrease the probability of pika occupancy. Snow
acts as thermal insulation for pikas which thus high precipitation during coldest quarter
protects them from high diurnal temperature and severe cold. High precipitation during
warmest quarter (Summer-monsoon) also positively influence the growth of pika food
plants, thus have a positive influence on Royle’s pika occupancy.

Influence of snow and habitat characteristics on the abundance of Royle’s pika

Regression models were used to identify factors that influence the abundance of adult and
Juvenile pika, and the timing of juvenile emergence. Best fit models indicated that adult
pika abundance was significantly governed by the interactive effects of Snow-cover
period and altitude, whereas juvenile pika abundance was governed by food availabil ity,
amount of rock cover and spring snow depth. Juvenile pika emergence time was
influenced by the interactive effects of snow cover period and altitude. The findings
suggest that short snow cover period and thin snow layer during spring lead to high adult
and juvenile pika mortality, probably due to cold stress. Rock cover reduces predation
risk, and high food availability provides optimum nutrition to the Juvenile pikas. This
study showed that variation in different snow attributes or habitat structure significantly
nfluences the abundance of Royle’s pika in Western Himalaya.

Seasonal variation in time activity budget of Royle’s pika

Seven behavioural states were observed in adult and Juvenile pikas through focal
sampling methods from 0600hrs to 1900hrs. Royle’s pika shows bimodal activity pattern.
High activity was observed during morning and evening hours whereas low activity was
observed during midday hours. Behavioural sequences were estimated by Z-scores. Adult
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pikas spent highest amount of their activity budget in foraging and least amount in
vocalization. Pikas spent more time in locomotion and musing during autumn. Vigilance
was high during summer as well as in habitat with low escape cover possibly due to high
predation risk. Locomotion and foraging were predominant behaviour among juvniles in
summer; monsoon and they did not show any long musing behaviour. Behavioural
sequence analysis showed majority of summer behaviour was followed by locomotion
Wwhereas during monsoon it was grooming or vocalization and autumn either foraging or
locomotion. This study reveals how pikas allocate time during different seasons, thus it
can serve as baseline information for future pika research which aimed on ecology and
bioenergetics.

Influence of microclimate on Royle’s pika activity

The influence of microclimatic conditions (ambient temperature and relative humidity,
burrow temperature and relative humidity) on activity pattern of Royle’s pika was studied
during May to August in permanently marked plots for four years (2008-2011). The
activity pattern of pikas was recorded through direct observation from 0600hrs to 1900hrs
and indexed as a percentage of individuals observed in an interval relative to the
maximum number of individuals sighted on that particular day in that plot. Microclimatic
data of pika habitat were recorded through altitudinal zone by automatic data loggers, a
soil thermometer and a hygrometer placed about 20cm within the burrow and at arandom
location within the site during each observation interval. Pika activity was (binary
response) modeled as the number of individual active versus inactive with logical
alternate combinations of habitat microclimatic parameters as well as altitude zone and
time group using linear mjxed effect models. Royle’s pika exhibited a bimodal activity
pattern with high activity in the morning and evening hours and low activity during
midday. The best fit candidate model showed pika activity increased with ambient
humidity and decreased with temperature. It also shows pika activity is significantly low
during midday hours than morning or evening hours. Inactive period for pikas in sub-
alpine zone was much longer than that of alpine zone. The reduction of activity due to
increase in temperature was significantly high in subalpine zone (2900 -3150m) a.s.l than
alpine zone (3400-3520 m a.s.l). The study indicates that Royle’s pika avoid heat stress
by reducing activity during warm midday hours and taking shelter in micro climatically
favorable cooler burrows. This study shows change in habitat microclimatic conditions,
specifically increase in temperature might significantly restrict Royle’s pikas day time
activity.

Factors influence food selection in Royle’s pika

To enhance the knowledge of plant-herbivore interaction and its influence on herbivores
forage selection decision, Royle's pika was used as study species. The bite count related
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to pika food plants was recorded through focal sampling in three permanently marked
plots along an altitudinal gradient. Food plant abundance was recorded through quadrat
method whereas food selection was estimated through Jacob’s selection index. Cafeteria
experiments were conducted to check whether food selection criteria change with
alteration in food plant composition. Leaf morphology and nutritional analysis of major
food plants and high available non-food plants were also performed. Linear regression
models were used to test various competitive hypotheses to identify factors which govern
food selection. The best model was selected through an information theoretic approach.
Royle’s pika was found to feed on 17 plant species and their food selection decision was
positively governed by leaf area index and negatively by amount of avoided substance
(NDF, ADF, ADL and tannin) in food plants. Furthermore, the interaction of leaf size and
avoided substance indicates that a plant with larger leaves will be selected only if it
contains low avoided substance. The food selection criteria did not change between field
and cafeteria observation. The parameter estimates of best fit models indicate that the
influence of leaf size or amount of avoided substance on pika food selection decision
depends on the magnitude of predation risk



Chapterl

General Introduction

1.1 Introduction

One central theme of animal ecology study is to understand mechanism through which an
animal select various resources, like food and habitats (Johnson 1980). Based on the
physiological, morphological and behavioral characteristics. some species select
resources proporiionaily to its abundance where as some select resources preferentially
over others (Levins 1968)..Thus, resource selection allows a mobile organism to adapt to
changing conditions and influence nearly its every subsequent choice (Cody 1985). It
also influences resource acquisition and reproductive success and finally fitness of an
individual animal (Cody 1985). Therefore. studies focused on habitat and behavioural
ecology has a great importance in both ecological theory and individual based modeling.
Furthermore, habitat ecology study can aiso help us to formulate effective species

conservation and management plan (Maniy et al. 2002).

Volumes of literature exists related to on habitat and behavioural ecology of various
wildlife species (Lubin er al. 1993; Welham and Ydenberg 1993; Abrams 1994), but
studies related to alpine mammal’s ecology are relatively rare, possibly due to climatic
and topographic constrains. The contemporary climate change scenario creates increase
concern about the persistence of the species which live in mountain top environment
(Pounds er al. 1999; Walther et al. 2005; Sekercioglu et al. 2008). But, scarcity of
ecological information about of alpine mammals hampers our understanding about how
they will respond if their habitats become altered due to anthropogenic or natural

disturbances.

Lagomophs, especially pikas attains a district position among alpine mammal
community. Lagomophs in general are small (100g) to medium sized (1-5kg) herbivores

considered to be most closely related to rodents (Li e al. 1987). They can be
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distinguished from rodents and other mammals by presence of small peg-like teeth
immediately behind the incisors. There are also recognizable fossils of both pikas and
rabbits dating back to before the Oligocene (Smith 1990). The order Lagomorpha is
represented by two families, viz., Ochotonidae (pikas) and Leporidae (hare and rabbits).
The Ochotonidae or pikas, is represented by one living genus Ochotona and have hind
legs not much longer than the forelegs. They are very small, have rounded ears and a
skull with no supraorbital bones and a relatively short nasal region. The Leporidae, on the
other hand, comprise of ten or eleven genera (depending on taxonomic status of the
pygmy rabbit) are larger, with hind legs longer than the forelegs, have long ears and a

skull with prominent supraorbital bones and long nasal region.

Pikas (genus Ochotona) now occurs only alpine mountainous terrain in the Northern
Hemisphere. Systematically the pikas or Ochotona were clearly differentiated from the
other lagomorphs as early as the Oligocene (Wilson 1960; Dawson 1967). Though pikas,
play significant ecological role in alpine ecosystem, they are also a very poorly known

group of mammals as they live in remote and rugged terrain which is difficult to access
(Smith ef al. 1990).

1.2 Ecological importance of pikas

Pikas play significant ecological role at high altitude ecosystem in terms of occupying a
special niche in the food ¢hain. Generalist herbivores such as pikas are important prey
base to many carnivorous birds and mammals. Pikas do not hibernate, thus they are the
only winter prey available to middle-sized mustelid, felid or canid carnivores (Formozov
1966). Pikas are reported to comprise the following percentages of the diet of avian
predators: steppe eagle (A4quila nipalensis), 62%; upland buzzard (Buteo hemilasius),
17%; eagle owl (Bubo bubo). 73%; and saker falcon (Falco cherrug), 22% (Peshkov
1957, 1967). Similarly, alpine (O. alpina) and northern (O. hyperborean) pikas are the
most important prey for Mustelids such as weasels (Mustela ermine) and sables (Martes
zibellina; Khlebnikov 1977). Roberts (1977) reported that Afghan pikas were the primary

prey of the stone marten (Martes foina) and booted eagle (Hieraaetus pennatus) in
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Pakistan, whereas in southwestern Turkmenia, the levantine viper (Viper lebitina)

appears dependent upon this pika (Dariov 1985).

Pikas also found to be strongly influence plant community composition and micro-
habitats. It has been observed that the plant species richness was higher near the small
mammal colonies than away from such colonies in the Indian trans-Himalaya and also
due to activity in soil by small mammals led to higher plant diversity without significant
decline in the total vegetation cover (Bagchi ef al. 2006). Selective foraging of low and
moderate populations of black-lipped pikas on the Qinghai and Xizang steppes reported
to play an important role in the stabilization of the alpine meadow vegetation community
(Jiang and Xia 1985, 1987). The burrowing activity of Daurian pikas loosens and
improves the soil, and the accumulation of their excrement and left over stores in the
burrow system yields high levels of organic materials which increase local floral diversity
(Dmitriev 1985; Tsendzhav 1985). On the other hand, the heavy grazing by pikas in the
meadows at the edge of the talus may profoundly alter the composition and diversity of

plant communities found there (Khlebnikova 1978; Huntly et. al. 1986; Huntly 1987).

The winter food hoarding behaviour in pikas may also influence directly or indirectly the
population dynamics of other sympatric herbivores such as hares (Lepus timidus and
Lepus. capensis), marmots (Marmota camtschatica), voles (Clethrionomys spp.) and
Shrews lives in alpine areas. Density of voles and shrews were reported to be is four
times higher in the vicinity of alpine pikas than in the surrounding forest (Naumov 1974).
Pika burrows are often shared with other species of birds and small mammals. The
burrows of Afghan pikas are shared with rock-dwelling Persian jird (Meriones persicus),
Libyan jird (Meriones libycus), Great gerbil (Rhombomy sopimus), mouse-like hamster
(Calomyscus mystax), Gray hamster (Cricetulus migratorius) and white-toothed shrews

(Crocidura spp.; Sapargeldyev 1987).



1.3 Phylogeny and evolution of pikas

Similarity in general morphology in pikas makes it difficult to determine exact
number of recognized species and the phylogenetic relationships among them. The
number of recorded species varies from 18 to 30 (Feng and Zheng 1985; Smith et
al.1990; Wilson and Reeder 1993; Gong et al. 2000; Wang 2003). The phylogeny of
genus Ochotona first described by Luo and Feng 1981 by using fossil data but it could
not resolve interspecies relationships. Afterwards, Weston (1982); Yu et al. (1992, 1996,
1997) made some effort to effort to examine the relationship of the genus Ochotona, but
either small number of species or sampling bias makes those studies incomplete. Yu et al.
(2000) recommended that the genus Ochotona could be divided into 3 subgenera using
mt DNA sequences study. But they worked on only 19 species and many known species
were not examined in thejr study which makes the study incomprehensive. However,
sequence data inferred from cytochrome b and ND 4 genes did not agree with the
previous subgeneric classification of two subgenera — Ochotona and Pika, but they have
been accepted by many authors (Ellerman and Morrison-Scott 1951; Luo and Feng 1981;
Feng and Zheng 1985; Niu et al. 2001). The basic characters of subgenus Pika are
incisive and palatal foramina separated from each other whereas the basic character of
Ochotona is incisive and palatal foramina form a pear-shaped or triangle opening. Niu ef
al. (2004) studied a 402 base-pair region of the cytochrome b protein coding gene of 27
species, compared and analyzed. This study suggests about five groups viz, Northern,
Surrounding Qinghai-Tibet Plateau, Qinghai-Tibet Plateau, Huanghe and Central Asia
(Tablel.1). Northern and Surrounding Qinghai-Tibet Plateau group pikas generally
found to be talus dwelling or live in intermediate type of habitat i.e, talus and steppe. Pika
species belong to Qinghai-Tibet Plateau, Huanghe and Central Asia either steppe or shrub

habitat.

The evolution of pikas is greatly influenced by the habitat adaptability in different
environment condition (Yu 1997; Yu et al. 1992, 1996, 1997, 2000). Irwin et al. (1991)
estimated that the divergence rate of cytochrome b gene of mammalian species is of 2-
5%/Myr (mean 3%/Myr). If it is true for pikas, then it can be suggest that during the early

Pleistocene which is approx. 2.8 Myr ago, five major splits took place. Huntley and
4



Webb (1989) suggested that environmental changes may be a cause of rapid

morphological diversification.

Table 1.1 Description of various pika phylogenetic group and their habitat
characteristics adopted from Niu et. al. 2004.

Phylogenetic
Group

Species

Subgenus

Ochotona

Pika

Habitat Characteristics

Northern

O. pallasi

O. alpina

O. hyperborea
O. princeps
O. collaris

2 <L 2L 2 2

Intermediate (Talus and
steppe)

Surrounding
Qinghai—
Tibet Plateau

O. macrotis
O. roylei,

O. iliensis

O. himalayana
O. erythrotis
0. gloveri

Q. brookei
O. muliensis
O. rutila

O. koslowi
O. forresti

O. rufescens
O. ladacensis

A =

2 2 <2

L L 2 <L £

Rock-talus

Intermediate (Talus and
steppe)

Qinghai-Tibet
Plateau

O. curzoniae
O. anneclens
O. daurica
O. thibetana
O. cansus

O. nubrica
O. thomasi

Steppe

Shrub

Huanghe

O. huangensis

Shrub

Central Asia

O. pusilla

2|2l 22 v 2 2 <2

Steppe, shrub




The Beringian Bridge, a proposed land bridge from Asia to the America considered as a
possible migratory route of pikas from Asia to North America during the Pliocene
(Kurten and Anderson 1980). The Wisconsinan glaciation (about 75,000 - 10,000 years
ago) which engulf most of northern North America separated O. princeps in the south
and O. collaris in the north (Guthrie 1973). Different post-Pleistocene events act as

isolating factors which results the formation of numerous subspecies O. princeps

(Guilday 1979; Hall 1981; Smith and Weston 1990).

Three strong and frequent large-scale uplifting of the Qinghai-Tibet Plateau about
3.4 Myr ago to 1.6 Myr ago causes differentiation of genus Ochotona in the Palearctic
region (Yu et al. 1992b, 1996, 1997, 2000). The surrounding Qinghai-Tibet Plateau
group pikas has experienced rapid multi-diverse radiation since the early Pleistocene
(about 2.2 Myr ago) and adapted to high altitude as well as plateau habitat. The Qinghai-
Tibet Plateau group pikas are comparatively young and inhabitants on the plateau. The
high molecular sequence divergence between the steppe dwellers and shrub dwellers
suggests the divergence évent between the two dwellers may have happened recently by

convergent evolution.

1.4 Need of pika research in Himalaya

There are altogether 31 living species in the world, of which 27 are found in Asia
including 7 in the Indian Himalaya. Pikas found in the Indian Himalaya are: Plateau pika
(Ochotona curzoniae), Forrest's pika (Ochotona forresti), Ladak pika (Ochotdna
ladacensis), Large-eared pika (Ochotona macrotis), Nubra pika (Ochotona nubrica),
Royle’spika (Ochotona roylei) and Moupin pika (Ochotona thibetana).Though Himalaya
is a home of seven diff:arent pika species but studies on pikas are scanty. Some
preliminary study on the distribution pattern, winter behaviour and social organization of
O. macrotis and O. roylei, was conducted by Kawamichi (1968, 1971) at Khumbu region
in, Nepal. Khanal and Shrestha 2000 as well as Shrestha et al. 1999 reported some natural
history information about habitat and foraging behaviour of Royle’s pika in Nepal
Himalaya. But all studies were conducted for very short periods (a week to three months)

and lacks quantitative ecological information. Pikas are occasionally reported from the
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Indian Himalaya but baseline ecological information generated from long term studies

are completely lacking.

A study on the habitat ecdlogy of American pika (Ochotona princes) by Beever (2003)
suggests that rapid changes in climate caused local extinction of the American pika in the
Western United States during later part of the 20" century. Pikas are highly active above
ground surface during the hottest months of the year. During these months, they collect
vegetation for winter as they remain active round the year. Earlier senescence of
vegetation may increase nutritional stress for pikas, and hotter temperatures during high
activity periods can create direct thermal stress on the animals. Pikas are densely furred,
and thus cannot dissipate heat easily. Earlier, it has been hypothesized that all mountain
dwelling animal will migrate to higher altitudes in the event of increase in ambient
temperature caused due to global warming (Walther ef al. 2002). But talus dwelling pikas
are confined to small pockets throughout their life-span and seem to be unable to migrate
long distances. As the Himalayan region is extremely sensitive to global warming, it is
obvious that several habitats, micro-habitats and dependent native flora and fauna would
also be affected. However, in the absence of any empirical evidence and long term
monitoring it is difficult to draw any strong conclusion. Since, small mammals in the
Himalaya are likely to be more vulnerable to climate change; studies on their basic
ecology, foraging behaviour and dependence on special micro-habitat parameters are

urgently needed.

Keeping the above research gaps in view, the present study addresses the habitat ecology
and foraging behaviour of Royle’s pika along an altitudinal gradient in a part of
Kedarnath Wildlife Sanctuary, Western Himalaya. Royle’s pika is quite common
throughout the Himalayan region (Hoffmann and Smith 2005). It is reddish brown in
colour, having a pale band over the nape, head 7cm in diameter and body length is 15-
20cm and weighing about 100-150g (Alfred et al. 2006). They occur up from 2400m to
5000m in the Western Himalaya inhibiting open rocky ground and Rhododendron forest.

The Lower range of their distribution is 2500m (Tak and Lamba 1985; Chakraborty ef al.
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2005). Like other pika species, Roylei’s pika is highly specialized to live in the subalpine
and alpine areas. Their existence is directly related with the quality of their habitat
including the availability of foraging plant species (Kawamichi 1968). Royle’s pikas are
reported to be an important prey base for several carnivore species such as marten, stoat,
weasel, snow leopard and red fox in alpine and subalpine ecosystems (Roberts 1977; Oli

et al. 1994; Aryal et al. 2010).
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This study attempts to unveil the basic ecological information about the relationship of
habitat characteristics and occurrence, distribution, abundance, behavioural pattern and '

food selection in Royle 'S pika.

1.5 Objectives

The present study addresses the habitat ecoldgy and foraging behaviour of Royle’s pika

in Western Himalaya with following objectives:

1. To characterize micro-habitat features associated with Royle’s pika along a subalpine

— alpine ecotone and identify the factors which governs its occurrence.

o

To study the topographical and bioclimatic factors affecting Royle’s pika’s land

scape level distribution.

(U5)

To understand factors which govern abundance of Royle’s pika
4. To document behavioural repertoire of Royle’s pika in various season.
5. To study the influence of habitat microclimatic condition on activity of Royle’s pika.

6. To identily the factors which govern the food selection decision of Royle’s pika.

1.6 Organization of the thesis

This thesis is organized in 9 chapters. The Chapter 1 describes the basic information
about pikas and background, objectives of the study. The Chapter 2 describes the study
area in Kedarnath Wildlife Sanctuary with a focus on its location, climate, flora and
fauna, people. Chapter 3 provides a detailed description of different pika habitats in the
study area and how habitat characteristics affects occurrence of Royle’s pika
(Objectivel). Chapter 4 provides information about factors which governs distribution
pattern of Royle’s pika in large landscape (Objective 2). Chapter 5 deals with various
factors affecting abundance of Royle's pika (Objective 3). Chapter 6 is focused on
seasonal variation activity pattern and budget (Objective 4) whereas habitat microclimatic
factors effects on pika activity was discussed in chapter 7 (Objective 5).The foraging
behvaviour and food selection criteria of Royle’s pika was discussed in Chapter 8
(Objective 6). Chapter 9 is general discussion which summarizes the key findings of the

study and conservation implications.
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Chapter 2

Study Area

2.1 Introduction

The study was carried out in part of the Kedarnath Wildlife Sanctuary (ca. 975 kmz),
situated in the upper catchments of the Alaknanda River at Chamoli district, Uttarakhand
in Garhwal Himalaya (Fié. 2.1). It is one of the largest protected areas within Indian
Himalaya, notified as Wildlife Sanctuary (WLS) on 21* January 1973 and comes under
JUCN management category IV, Managed Nature Reserve (TUCN 1993). This sanctuary
covers 70% of the Kedarnath Forest Division (1393 km?). The sanctuary is bounded by
Mandakini and Uttarkashi district boundaries in the West, great mountain peaks
(Kedarnath- 6940m; Mandani- 6193m and Chaukhamba- 7068m) in the North, the
Gopeshwar - Mandal - Chopta - Okhimath motor road in the South, and Urgam Reserve
Forest in the East. The altitude ranges from 1160m (near Phata) to peak of Chaukhamba -
7068m. The sanctuary was named after the famous Hindu shrine at Kedarnath, an eighth

century temple situated at 3562m altitude, outside the northern border of the sanctuary.

2.2 The Intensive Study Area

An intensive study area (ISA) of 10 sq km was selected in the sanctuary encompassing
the area from Chopta to Tungnath (30°30'-31°29'N and 78°12'-79°13'E). This area was
selected due to the accessible elevation range (2600-3680m a.s.l.) and availability of
Royle’s pika habitat types. This area, marked by the Hindu shrine Tungnath (3550m), is
famous as a place of Hindu pilgrimage for centuries and also for its scenic beauty. The
local inhabitants are traditionally agro-pastoralists settled in scattered villages along
lower fringes of the sanctuary. The altitude of the intensive study area varies between
2600m to 3680m (Fig. 2.1B). Majority of the study area has North West and South West
aspects (Fig. 2.1D) with medium (21°-40°) to very steep slope (> 40°, Fig. 2.1C).
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Figure 2. 1 Location (A), elevation (B), slope (C), aspects (D) of the intensive study
area ( in circle or square) in Kedarnath Wildlife Sanctuary, India

2.3 Geology and soil

The rocks around Tungnath are mainly types of metamorphic rocks such as mylonitized
gneisses, augen gneisses, schists and granites (Agrawala 1973). Majority of schists are
highly interleaved biotite, mica, quartz and feldspar. The gneisses, schists and granites
form a light, sandy and micaceous, mineral rich soil which is excellent for tree growth on
favorable aspects through pedogenesis process (Agrawala 1973). Soils are in general
sandy loam in texture with high proportion of sand and silt, and acidic in nature (Bisht
2005). Soil within forests is rich in humus whereas the traditional practice of burning the

pastures for better grass production enriches soils in meadows and grassy slopes with
minerals (Green 1985).

12



2.4 Climate

Both the South-West monsoon in summer and westerly disturbances in winter influences
the climate of the study area (Mani 1981). The study area  generally experience 5
seasons, a short spring (March-April) and summer (typically lasts from Meay to June),
monsoon (from end of June to September), a very short autumn (October-November) and
long winter December to February). There is some precipitation as it snows during
winter. Temperature is highest during summer (May-June) and lowest in December-
January. The snow starts to melt during March first week in subalpine areas whereas the
alpine areas are not completely snow free until mid-April. Meteorological data of the
intensive study area reveals that during 3 years of study period there was much
fluctuation in the inter-annual climate. Extreme events in the weather were more
pronounced. The mean annual temperature was 6.9°C in 2008, 5.8°C in 2009and 7.1°C in
2010.whereas maximum temperature in was 22°C (July), 21.3°C (June) and 25.6°C
(May), respectively. Figure 2.2 indicates daily average temperature at the timberline zone
(Adhikari e al. 2012). Precipitation pattern also varied considerably during 2008-10.
Highest precipitation was recorded in 2010 with prolonged monsoon and heavy rainfall in
the months of August-September, and good snowfall at the end of year ((Adhikari ef al.
2012; Figure 2.3).
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Figure 2.3 Mean monthly precipitation in study area during 2008-2011 (October to

May is in the form of snowfall).
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2.5 Flora and Fauna

The subalpine vegetation (2700-3300m) comprises mostly of broadleaved sclerophyllous
communities of Quercus semecarpifolia, Rhododendron arboreum, R. campanulatum,
Abies pindrow, A. spectabilis and Sorbus sp. whereas the alpine meadows (above
3300m) at and around Tungnath are dominated by various grass and herbaceous
communities (Sundriyal er al. 1987). The major shrub species in the alpine zone are
Rhododendron campanulatum, R. anthopogon, Salix elegans, Lonicera myrtillus and
Cotoneaster microphyllus whereas Danthonia cachemyriana, Agrostis pilosula, Trisetum
spicatum, are the common' grasses and Kobresia royleana, and Carex nubigena are the
major sedges. Some prominent species forming the herbaceous communities in the alpine
zone are Pofentilla atrosanguinea, Geranium wallichianum, Primula denticulata,
Epilobium royleanum, Ranunculus hirtellus, Impatiens sulcata, Bistorta affinis,

Fritillaria roylei and Satyrium nepalense.

The study area is very rich in wild mammals and bird diversity. A total of 30 mammalian
species (excluding bats) are known to occur in Kedarnath WLS of which 25 species have
been reported from the intensive study area (Green 1985). Seven species of ungulates viz,
Himalayan musk deer (Moschus chrysogaster), Himalayan tahr (Hemitragus jemhalicus),
Serow (Nemorhedus sumatraensis), Himalayan goral (Nomorhedus goral), Sambar
(Cervus unicolor), Barking deer (Muntiacus muntjak) and Wild pig (Sus scrofa), and 2
species of primates, Rhesus macaque (Macaca mullata) and Common langur
(Semnophithecus himalayanus) are reported from the study area. Jackal (Canis aureus),
red fox (Vulpes vulpes), yellow throated marten (Martes flavigula), Himalayan weasel
(Mustela sibirica) and common leopard (Panthera pardus) are potential predators of
pikas in the study area (Green 1985). A total of 210 species of birds including 3
pheasants viz, Himalayan monal (Lophophorus impejanus), Khaleej (Lophura
leucomelana) and Koklass (Pucrasia macrolopa) are reported from the intensive study
area (Sathyakumar unpublished). Notable species of reptiles include Himalayan pit viper

(Ancistrodon himalayensis) and Boulenger’s keelback (dmphiesma parallela).
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2.5 Land use practices

The Kedarnath WLS is surrounded by 182 villages of which 50 are located in the fringe
areas of the sanctuary (Rawat 2007). Practicing agriculture and utilization of forest
resources are the principle source of livelihood for the local people. Trees are lopped for
fodder and fuel wood. Also, since the area is a pilgrim and tourist site, consumption of
firewood is very high around tree line and sub-alpine zones. These anthropogenic
pressures (regular camping and removal of woody vegetation) are considered a driving
force for lowering the natural tree line in various parts of the Western Himalaya (Rawat
and Uniyal 1993). The migratory families and shops at intensive study area (Chopta—
Tungnath) create extreme pressure in subalpine — alpine zone from high fuel wood
collection and grazing from April to November. They mainly exploit Quercus
semecarpifolia, Betula utilis, Rhododendron campanulatum, R. anthopogon and R.

lepidotum for fuel wood (Rawat 2007).

2.6 People and their cultural history

The population of Garhwal Himalaya can be grouped into 3 major ethnicities: i) Bhotias
who are mixed Tibetan in origin, have mongoloid countenance and live in high trans
Himalayan valleys (2400m-3600m), ii) the aboriginal “Austic” or “pre-Dravidian”,
represented by the Koltas, Doms and other artisan castes, and iii) the Rajputs of the Cis-
Himalaya known as Khasas who share similar origin and culture with Brahmins

(Nityaanand and Kumar 1989).

The cultural history of the study area as well as entire Garhwal Himalaya has been under
waves of external influences in different periods of history. Many moved across the main
valley routes. The religious structure of this region as a substratum of nature’s worship
has successive layers of cults of Shivism, Shaktism, Buddhism and Vaishnavism. Thus,
the fabric of the cultural landscape of Garhwal Himalaya is woven with multi tribal and
racial elements of culture (Atkinson 1973). The religion of people who live near intensive
study area is principally Hinduism and they belong to either “pre-Dravidians” or

“Khasas™ ethnic group.
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Chapter 3

Influence of habitat characteristics on occurrence of Royle’s pika

3.1 Introduction

Species-habitat relationships are central to autecological studies and can be addressed
from various perspectives. One of them is to identify habitat characteristics that influence
species occurrence by comparing presence versus absence sites. Such habitat models can
shed light on the distributional range (Wikle 2003; Engler et al. 2004), habitat selection
(Bradford et al. 2003; Gibson et al. 2004) and meta population dynamics (Hanski 1994
1999) of species. This information may in turn help in designing effective conservation
programs (Zielinski and Stauffer 1996; Trenham et al. 2003; Weber et al. 2004) for

species, particularly the threatened and sparsely known ones.

A multitude of literature exists on habitat selection and occupancy patterns of various
wildlife species (e.g. Lubin ef al. 1993; Welham and Ydenberg 1993; Abrams 1994), but
studies related to habitaf occupancy in alpine mammals are relatively rare due to harsh
climatic conditions (even during summer), the short snow free period every year and
inaccessibility. Absence of information about habitat occupancy patterns and
requirements hamper our understanding about how alpine mammals will respond if their
habitats become altered due to anthropogenic or natural disturbances. This stﬁdy
investigates the relationship of the habitat characteristics and occupancy of a high altitude
small mammal, Royle’s pika (Ochotona roylei), in the Western Himalaya. Royle’s Pikas
are small herbivorous rock talus dwelling lagomorphs (100-150g; Alfred et al. 2006).
They are diurnal, highly ‘detectable, limited to a single narrowly defined accessible
(survey able) habitat, talus or piles of broken rock adjacent to suitable vegetation and
leave unmistakable indirect evidence i.e., piles of typical small round droppings. Hence,
they are ideal small mammals for field observation (Beever et al. 2010). Royle’s Pikas
are reported to be an important prey base for several carnivore species (such as marten,
stoat, weasel, snow ledpard. red fox) in alpine and subalpine ecosystems (Roberts 1977;
Oli et al. 1994; Aryal er al. 2010). Pikas do not possess any physiological armor to
defend themselves against predators. Therefore, when threatened they take shelter in the

interstices of talus habitat' patch to escape from the predator. Habitat quality and the
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connectivity of these patches were found to be the best predictors regarding the extinction
of other talus dwelling pika, the Collered Pika (Franken and Hik 2004). Royle’s Pika is
currently in the “least concern” category in the JUCN red list of threatened species (Smith
and Boyer 2008). Rapid change in climatic regime is reported in the Himalaya (Singh and
Bengtsson 2004). Li and Smith (2005) suggested that there might be a link between
dramatic decline of another Asian pika species, Ili Pika (Ochotona iliensis) and global
warming in China. Hence, these incidents compel conservationists and ecologists to
reassess the status and generate basic ecological information like factors governing
occupancy of Himalayan pika species such as Royle’s pika to design effective future

conservation management plans.

Royle’s pika is distributed' in the Himalayan region from North-West Pakistan to India,
Nepal and adjacent Tibet (China; Hoffmann and Smith 2005). In the Western Himalaya,
Royle’s pika occurs mostly in open rocky grounds and rhododendron forests from 2400m
a.s.l. up to 5000m a.s.l. (Chakraborty et al. 2005). Most pika species show a marked food
hoarding behaviour (Smith et al. 1990), while surprisingly Royle’s pikas are reported to
show very weak hoarding behavior, i.e., presence of very small haypiles that consisted of
only few individuals of plants in front of their nest opening (Kawamichi 1968). It is also
comparatively less vocal than other pika species (Kawamichi 1968). The fecundity of
Royle’s pika is low; litter size varies from 1-3 and usually occurs in low densities like
other talus dwelling pikas (Smith et al. 1990; Bhattacharyya et al. 2009). They are highly

active in early morning and late afternoon and evening.

An animal’s decision to occupy a site is often hierarchical in nature, operating from
geographical range to micro habitats within individual home range (Manly et al. 2002).
In this study, information on habitat characteristics associated with Royle’s pika
occurrence was collected at its home range scale (80-82 m’; Kawamichi, 1968). Royle’s
pika does not make burrows and therefore, it is evident that they would prefer to occupy
broken rock habitats. The talus connectivity, rock structures was found to be a significant
factor which governs the abundance and habitat use pattern in talus dwelling pikas such

as the Collored pika (Holmes 1991; Morrison ef al. 2004; Franken and Hik 2004) and the
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American pika (Roach et al. 2001; Tyser 1980). As Royle’s pika also lives in an area
with rock boulders we hypothesize that the distribution pattern of rocks in a talus and fine
scale habitat characteristics such as availability of different size crevices would influence
its habitat occupancy. We compare the characteristics of currently occupied pika habitats
with neighboring potentially unoccupied similar habitats (putative plots) with the help of
discrete choice analysis, infer about the relationship of Royle’s pika habitat structure and

its occupancy in Western Himalaya.

3.2 Methodology
3.2.1 Pika habitat occupancy survey

The habitat of Royle’s pika was surveyed at 50mx50 mplots in the study area. Design I
as proposed by Manly ef al. 2002 was selected in which presence and absence resources
were sampled at randomly located plots for the entire study area and no individual
animals were marked. During the survey for each occupied plot, another putative but
unoccupied plot was selected horizontally within a 100m distance in the same aspect
either left or right to the presence plot and treated as a pair (N=20 pairs) to evaluate
selection during subsequent statistical analysis. The putative unoccupied plot was
selected within a 100m radius of occupied plot as rock cover and characteristics,
topographical aspect as well as vegetation might differ beyond this range. Within each
survey plot 30 minutes were spent to record direct sightings and after that a thorough
search was carried out for indirect evidence (pellets) of pika presence (Beever et al. 2003,
2010). A putative plot was considered as unoccupied when neither direct nor indirect
evidence of pika presence ;vas recorded. Royle’s pikas actively use crevices or fissures to
make nest like other talus dwelling pikas (Smith et al. 1990). Therefore, the amount of
rock cover as well as the availability of different size crevices could be considered as a
potential important variable and was hence quantified. Each survey plot was divided into
one hundred large Smx5m grids to record data on various habitat related variables (rock
cover, crevices size etc.). Each of these Smx5m grids was divided further into four
smoaller equal size (2.5mx2.5m) grids to establish the frequency of occurrence of rocks
and crevices (Fig. 2.1). Three representative grids shown in Fig. 2.1 were having

frequency of rock occurrence (f) equal to, 0 when none of the smaller grids covers any
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rock, 4 when all grids cover rocks, 1 when only one grid cover rocks. Rocks were
categorized into two major categories, either with crevices present or not. If crevices
were present, then rocks were further categorized in two categories, Viz., small (£ 10-
15cm) and medium (< 15cm). Measurement of crevices width was taken at the widest
part as well as narrowest part with the help of a measuring tape and mean crevices width
was calculated. The ratio of the variance to the mean was used to determine whether the
rock distribution pattern at each survey plot was uniform, random or clumped, and is
referred to as the index of dispersion (Krebs 1999). As pikas actively used crevices in
rocks it can be assumed that pika habitat occupancy could arise from an interactive or
additive effects of rock cover and crevices size or index of dispersion. We calculate the
uniformity in rocks as total rock cover of a survey plot x dispersion of rocks. Previous
field observations show that pikas use rocks with small crevices more frequently than
medium and large ones. Therefore, the availability of the effective rock cover was
calculated as the amount of rocks with small crevices in a plot x dispersion of rocks. The
amount of rocks with small crevices / rocks with large or no crevices was also used as
index of crevices amount available to make nest. Percent area cover, i.e., how much of
the ground area is covered by herbs, scrubs (Rhododendron anthopogon and/or
Rhododendron campanulatum) and trees (Quercus semecarpifolia, Rhododendron
arboretum, Abies pindrow, A. spectabilis and Sorbus sp.) was recorded with the ocular
cover estimation method within each large grid (5mx5m) and finally, expressed as the

average ground cover percentage at each survey plot (Van Hees and Mead 2000).
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Figure 3.1 Schematic representation of methodology for collecting frequency of
occurrence and dispersion of different habitat variables such as rock cover(shaded
areas), crevices type data'from 100 large grid (Smx5m ) and further into 2.5m X
2.5m smaller grids at each survey plot (S0mx S0m).

3.2.2 Data analysis

Distribution of variables (e.g. effective rock cover, percent ground cover of different
vegetation type) were compared between pika occupied and unoccupied putative plots
using box and whisker graphs in SPSS16.0 (SPSS for Windows, Rel. 16.0.0. 2008.
Chicago: SPSS Inc). Earlier mentioned ecological hypotheses about the influence of
habitat characteristics on Royle’s pika occurrence were tested using discrete choice
analysis. Some of the explanatory variables were the availability of rock cover, crevices
of different width or differ'ent types of vegetation cover (herbs, shrubs and trees) and the
response variable was pika occupancy. Discrete-choice models are a powerful and
flexible method that can be used to understand habitat occupancy in pikas as it allows us
to incorporate resource availability to change at every survey plot (Cooper and
Millspaugh 1999). Discrete choice models are frequently applied in economics,
marketing, and health science and are gradually becoming common in wildlife science to
understand resource selection criteria in animals (Manly et ,\g‘l%@u l1‘&*"‘1‘3‘?’”003
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MacDonald et al. 2006). The basic assumption of discrete choice models in wildlife
resource selection studies is that animals make multiple selections from finite sets of
discrete habitat units, commonly known as choice sets (MacDonald et al. 2006). This
choice is assumed to be a function of the attributes of various resource types. Therefore,
when an individual animal has a set of resources, it will choose the resource which
maximizes its fitness and survival (Cooper and Millspaugh 1999). Though other resource
selection analysis methods (like logistic regression) also assume that choice of used and
unused units are made from a set of available resources. But the discrete choice models,
unlike logistic regression (or other resource selection analysis methods), control the
variation between choice sets which can influence the future selection and consider the
probability of a unit with certain characteristics being selected during first choice, rather
once after mulﬁple choices. The discrete choice model was performed by maximizing the
multinomial log likelihood (Manly et al. 2002). This was achieved using the stratified
Cox proportional hazards likelihood maximization routine available in the Software
Package SPSS 16.0 (SPSS for Windows, Rel. 16.0.0. 2008. Chicago: SPSS Inc).
Candidate models were formulated based on additive or interactive effects of one or
multiple habitat variables mentioned earlier. We used an information theoretic approach
of testing a priori models by Akaike’s information criterion (AIC) and ranked candidate
models using A AIC (Burnham and Anderson 2002). Log likelihood, number of modeled
parameter (K), Akaike’s information criterion (AIC), difference in Akaike’s information
criterion (A AIC) and likelihood test statistics (x* stat) were reported for each model. A
Receiver Operating Characteristics (ROC) curve was generated from fitted pika
occupancy probabilities versus observed pika occupancy to assess the predictive accuracy

of the best-fit model (Baasch er al. 2010).

3.3 Results

The lowest distribution limit of Royle’s pikas in the study area was a talus habitat in an
Qak-Rhododendron mixed forest opening at 2650m whereas the highest distribution limit
was talus habitat in alpine meadow at 3680m. They were found to inhabit various types

of habitats in different altitudes viz., a. habitats with rocky boulder or broken slopes in
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Oak-Rhododendron mixed forest gaps, b. rocky talus habitat in oak-conifer mixed forest
edge. c. herbaceous meadows with embedded rocks in soil, d. rock talus in alpine
meadow, e. rocky talus in scrub (Rhododendron anthopogon) meadow, f. ruble walls or
human made rocky structures (Fig. 3.2). The highest amount of rock cover (54.5%) was
observed in ruble wall habitats followed by rocky talus in herbaceous meadow (46.5%)
and oak- conifer mixed forest edge habitats (33.25%, Table 3.1). Major herbaceous
species recorded 1n different pika habitats were Trachydium roylei, Ranunculus hirtellus,
Carex setigera, Oxygraphis polypetala, Parnassia nubicola and Geum elatum.
Herbaceous cover was highest (64%) in the meadow with embedded rock habitat and
lowest (30.5%) in rocky talus in scrub meadow habitat. Quercus semecarpifolia and
Rhododendron arboreum were two major tree species encountered in forest gap with
boulder habitats whereas Abies pindrow, A. spectabilis and Sorbus sp. were prominent
tree species recorded in oak-conifer forest edge habitats. Rhododendron campanulatum
forms the major shrub cover in most of the pika habitats and recorded highest in the
meadow with embedded rock habitats. Rhododendron anthopogon, an alpine scrub
species, was recorded only, in rocky scrub meadow habitat. Rhododendron anthopogon is
generally less than 1m tall, forms a very dense ground cover in alpine meadows and
leaves very few gaps for grass and other herbaceous communities to grow (Tambe and
Rawat 2010). The ruble walls or human made rocky structure habitats were active as well
as abandoned human settlements mainly used by seasonal pastoral grazers, rocky walls
beside roads. These rocky structures were often found to be covered by mosses and

lichens.




Figure 3.2 Different Royle’s Pika habitats in Tungnath region of Kedarnath WLS
(a. Rocky boulder in Oak-Rhododendron mixed forest gaps, b. Rocky talus in oak-
conifer mixed forest edge, ¢. herbaceous meadows with embedded rock, d. Rock
talus in alpine herbaceous meadow, e. Rocky talus in scrub (Rhododendron
anthopogon) meadow, f. Rubble walls or human made rocky structures).

24




¢c

0 (-0 s

(0¥~ v¥) 0'TH

(SS - ¥S) S'¥S

(WOOSE-WOSLT =4V ‘T=N)
$01NJONIS A3001

opew uewny Jo s[jem a[qny

(05-6v7) S'6¥ 0

(¥€-L2) S'0¢

(€2-L1) 00T

(wg9g-woosE =4V ‘T=N)

MOpE3W qNIds Ul snje} A390Y

0 cs1-90°¢S

(96 - €9) T¥'8P

(0$-T¥) LS'9F

(wsSE-WOOEE =4V ‘L=N)

mopeaw aurd[e ur snje} 30y

0 (sz-snooz

(1L-LS) 0°'v9

(81 -#1) 091

(wooge-wpozE =4V ‘T=N)
]10S UT pappaqura A[)SOW SHI0I

IIM SMOpEaW SN02dBqIoH

(0z-S) SL'€l

0 (s1-01) ST'11

(05-L2) SL 1Y

(8v-s7) sT€¢E

(WoozE-WO00€
=YV ‘p=N ) 28pa 152.10] paxIu

I9JIU0D-3BO UI SN[e) A20Y

(S°LT-T0) £8°'7C

0 (S1-01) 0°CI

(0¥-5€) 99°LE

(6'92-57) §°ST

(Woo€ - wps9T
=¥V ‘¢ =N ) sde3 }sa10j
PIXIW UO.[PUIPOPOIY

-)BO UI SIP[NOQq A0y

(%) 1L

(%) qnadg (%) qnays

(%) q19H

(%) 3P0y

ad£y yejqeqH

gaJae Apujs ur (agues reuIpmINy =NV ‘sjo1d £oains paared 10 Joaunu =\1) S1IBIIARU BWLY




The amount of rock cover, rock uniformity, effective rock cover and availability of
effective crevices for nests were comparatively higher in the pika occupied plots than
unoccupied plots (Fig. 3.3). The amount of various types of vegetation covers like herb,
shrub or trees was similar in both occupied and unoccupied plots. The estimated best fit
discrete choice model suggested effective rock cover was the most important factor
which positively influenced the habitat selection decision in pikas at the scale of
investigation (Table 3.2 and Table 3.3). The best fit model also had satisfactory
predictive accuracy (area under ROC curve 0.94Meant0.03sg, p < 0.001, Fig. 3.4). The
proportion of small and large crevices along with total rock cover as well as dispersion of
rocks in a habitat plot were also found to be important factors which had positive
influence over pika occupancy (Table 3.3). Results of discrete choice models also show
that the amount of rock cover or rock dispersion pattern in a plot alone rhight not be a
determining factor for habitat occupancy. For habitat occupancy, summed Akaike
weights ranked the relative importance of habitat variables as: effective rock cover >
crevices availability, rock cover and its dispersion > rock uniformity >> vegetation cover
(Table 3.2). The amount of various types of vegetation covers had least impact on habitat

occupancy criteria at the scale of the investigation.

26




Niv S0+ T e
)
— — 40~
= Ol (-]
= <
:‘ —
o - <
= T G
— ! »
— ¢ 1 H
= 14 8
F 20+
L] ¢ Q)
< i L '
O ~Ey ”~— :
)-4 &) l = 10+
ok ; !
O —— ———
- I > o e
O l“”':
LV
o 3
= SO . 1.4
= < 804
e g
H0 i !
L —_—
v E £ 6 !
~t 1 o H e
™ ) i S i
é % " 1()JI ’
b (O | D : i
: .1.) :“. o E i 1 ; i
- H — ; ) 4 §
— H - And ——— e
= S < 20+ N
» i 2 i
3 t H e
"T‘, x I 0.; - e
0 — { -
!
Tl - T
~ i \ o i
o S ) ! i [ ¥
T S0 2 so- ' :
3 | i
12 HER] i
- " 60
) . 1 { . ————— i
< Py 43 - 6 | ——————— — l
= 0 s § Q i { }
—_ Q | {
L e 103 { :
S 207 2 | Ly E :
3 i . L ; T
L 204 H 4
b 10- o m i i ! :
m ; ! ! z
(= -——-—'-—— "‘ 0' ,l_,
£l b - N .~ - s g e B B e —— g e 80 & - —
(§) l 1) l

Figure 3.3 Data distribution of different variables (Effective rock cover = small
crevices x dispersion of rock, Rock uniformity = total rock X dispersion of rock
cover, Availability of effective crevices = amount of small crevices/ amount of large
crevices, Tree, shrub and scrub cover) in survey plots (0 = pika absence, 1 = pika
occupied or presence) in study area.
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ible 3.1 Estimated influence of parameter (Effective rock cover) on Royle’s pika habitat
lection measured by the best fit discrete choice model (minimum Akaike information

iterion)

Parameter Beta SE Wald P-value Odd’s ratio

iffective Rock cover
1.70 0.57 © 8.99 0.003 5.47

Small crevices % dispersion of rocks)

1.07 [

0.8

o
'
1

Sensitivity

OO L 1 1 | 1]
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 3. 1 Receiver Operating Characteristics (ROC) curve of best fit discrete choice

model.




3.4 Discussion

Availability of a suitable habitat is considered to be one of the most important factor that
influences small mammal abundance and distribution within their geographical range
(Baker 1968; Vaughan 1972). Some small mammal species are very specific about
habitat requirements that limit their distribution where as others can inhabit in a range of
habitats (Kaufman and Fleharty 1974; Briese and Smith 1975; Miller and Getz 1976).
The result showed that Royle’s pika probably belongs to the first group as it cannot make

burrow therefore significantly depends on available habitat structures.

Our finding also supports the results of earlier studies on American pika (Ochotona
princeps) which shows the pika density is high in insular, disperse and smaller rockslides
than clumped and larger rock slides (Broadbook 1965). The talus rock size and
accessibility to its periphery is also.considered as an important factor which limits colony
size in American pika (Sheppe 1959; Bunnell et al. 1974). Similar trends were observed
in Collored pika (Ochotona collaris) where its occupancy probability in talus was also
found to be significantly governed by connectivity between talus patches and their size
(Franken and Hik 2004). The amount of rock cover in habitat also has significant
influence over abundance of Royle’s pika in western Himalaya (Bhattacharyya et al.
2009).

Pikas are central place foragers, they venture out from their nests for foraging and return
after each bout (Orians and Pearson 1979; Huntley et al. 1986). Apart from the food
quality, quantity and travel time, predation risk is one important cost associated with each
foraging bout for central place foragers (Jenkins 1980; Krebs 1980; Chase 1998). To cope
with conflicting need of efficient foraging and avoid predation, animals select habitats
which minimize predation while maximize available forage (Pulliam 1989). Earlier
studies in other talus dwelling pikas (Collared pikas) showed that in the absence of
effective talus escape cover, they tend to forage within close vicinity of the rock talus
even though high nutritive plants were available in the open alpine meadows (Holmes
1991; Morrison ef al. 2004). Roach et al. (2001) reported similar observation in
American pikas where they venture out far in to the open meadows for foraging only

when the talus is well connected. Tyser (1980) reported that American pika prefer
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0.20-0.99 m diameter) for most of its surveillance activity. The

nstrated that the

medium-sized boulders (
results of the current study support our hypothesis which demo

o : . . tsrs
availability of small crevices and its dispersion pattern 18 the most important fac

which govern the habitat occupancy decision in Royle’s pika. Highly dispersed small

crevices provide more effective escape cover to Royle’s pikas from 1ts predators than

clumped and medium or large size crevices. If rocks are highly dispersed and connected
then pikas can venture more into surrounding meadows to feed, move quickly within rock
talus to take shelter into small crevices if face any threat from predators. Therefore, pika
presence was comparatively higher in those habitats which had highly dispersed small

crevices than habitat with medium or large crevices.

Earlier research reveals behavioral thermoregulation is an important aspect of talus
dwelling American pika physiology, as this species has a high normal body temperature
(40°C) and relatively low lethal maximum body temperature (approx. 43°C; Smith and
Weston 1990). Tempefature restriction influences the species distribution because acute
heat stress can occur after exposure to ambient temperatures greater than 25.5°C in
summer as well as acute cold stress upon exposure to ambient temperature below 0 to -
5°C in winter (Smith 1974; Beever et al. 2010). Therefore, change in climatic regime
during last ten year in Great Basin eco region observed to increase the rate of American
pika population local extinction (fivefold) and upslope retraction (eleven fold) of than
previous century (Beever ef al. 2011). Rocky talus habitat was also found to provide a
cool and moist refuge to talus dwelling pikas in summer months and thermal insulation
from cold in winter months (Beever et al. 2003; Manning and Hager 2011). Therefore,
there is a possibility that being talus dwelling, Royle’s Pika probably prefer to occupy
habitats which could increase their foraging efficiency by providing more effective
escape cover, allowing them to access larger area to forage and take shelter during hottest
time of the day to avoid heat stress. Royle’s pikas are reported to be synanthropic in
nature (Kawamichi 1968) and observed to be actively occupying several anthropogenic

habitats during this study.. Similar observations about American pikas utilizing various

anthropogenic habitats such as mine tailings and man-made rock structures cuch
as

quarries, road fill, railroad riprap and lumber piles (Smith 1974; Lutton 1975: Millar and

Westfall 2010; Manning and Hager 2011) were also reported. Earlier research indicates
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various types of disturbances (realignment of stream channel, clear cutting, fire, and

mining) can alter small mammal population and community composition (Possardt and

Dodge 1978; Martell and Radvanyi 1977; Fala 1975; DeCapita and Bookhout 1975).

Though there were no direct anthropogenic threats exists for the pikas in the study area.
But on several occasions during this study as well as in earlier studies (Bhattacharyya ef
al. 2009), it has been observed that some of the pika habitat sites were severally
destroyed to extracts rocks for various developmental activities (making road or house,
Fig. 3.5). The rock structures in those habitats were completely altered and most of the
area was left with completely embedded rocks in soil without any crevices in them. None
of those altered habitat were observed to be recolonized by pikas since the last three year.
The entire affected area become devoid of Royle’s pika population. As our results
suggested that the Royle’s pika will show more affinity to a habitat with small crevices

than large one. Hence, probability of a successful re colonization event will be possibly

-

—— T

Figure 3.5 Extraction of rock from Royle’s pika habitat to perform diff
developmental activities in Tungnath region of Kedarnath WLS et
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governed by habitat rock structures. Royle’s pika do not make haypile like other pika

species and feed extensively on lichens and moss available on crevices during winter.
Therefore, alternation of habitat rock structures may not only increase predation risk but
can also lead to significant decline in winter food since moss and lichens takes years t0
cover rocks. Hence, unplanned rock extraction for developmental activities might lead to

Jecrease in habitat availability and reduce the fitness of the Royle’s pika population.
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Chapter 4

Factors influence distribution of Royle’s pika

4.1 Introduction

One central theme in ecology is the patterns and processes of species distribution at
Spatio_temporal scales. Of late, species distribution models have become increasingly
popular not only for predicting occurrence of the species but also to explain trends in
ecology, biogeography, evolution, conservation biology and more recently, in climate
change research (Elith et af. 2006). The species distribution models, if prepared based on
empirical data; provide important information about relationship of species occurrence
ecology, and biophysical conditions through statistical and theoretical response

framework (Guisan and Zimmermann 2000).

The contemporary climate change predictions have led to increasing concern about the
persistence of the species which live around mountain top environments (Pounds et al.
1999; Walther et al. 2005; Sekercioglu et al. 2008). Mountain environments also show
significant variation in climate (both seasonal and diurnal) which includes pronounced
fluctuation in orographic precipitation, snowfall, UV radiation, wind speed, ambient
temperature and atmospheric pressure. Therefore, mountain-dwelling species also exhibit
high phenological, reprodu'ctive and behavioural plasticity (Inouye et al. 2000). However,
the species which are obligate to mountain top environments may not be able to adapt to
rapid changes in climate (Inouye et al. 2000; Walther et al. 2002; Menendez et al. 2006).
Thus, Species distribution models can be used as excellent tools to understand how

different environmental parameters shape the distribution of species.

Recent studies have revealed that alpine small mammals have contracted their
distribution range while low elevation species have extended their ranges upwards
(Moritz et al. 2008). Beever (2003) reported that rapid change in climate during later part
of 20" century has resulted in local extinction of American pika (O. princeps), a high
altitude obligate lagomorph. s. Earlier paleontological research illustrated that American

ik v ) . o .
Pika experienced expansion and contraction in response to climatic fluctuation across
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geologiC time (Hafner 1983). They were also found to be highly vulnerable to acute-heat
stress, when they could not perform behavioural thermoregulation efficiently (Smith
1974). Increase in temperature (up to 6°C) by mid-21% century might result in range
constrictions (extirpation in lower altitude) led by various mechanisms (Ray et al. 2010;

Beever et al. 2010).

Though, Himalaya is the home for seven different pika species, limited ecological
nformation is available on them (Smith 1990). Himalaya is also affected by climate
change (Singh and Bengtsso 2004), but due to lack of scientific knowledge, it is often
difficult to understand how small mammals such as pikas who play important ecological
role in the region, will respond to changing climate. Hence, in this study Royle’s pika
(Ochotona roylei), a rock talus dwelling lagomorphs (100-150g; Alfred ef al. 2006) was
selected to understand how various climatic and habitat characteristics influence its

geographical distribution in western Himalaya.

Royle’s pikas are distributed from North-West Pakistan to India, Nepal and adjacent
Tibet (China; Chakraborty et al. 2005). It is reported to be an important prey base for
several carnivore species (such as marten, stoat, weasel, snow leopard, and red fox) in
alpine and subalpine ecosystems (Roberts 1977; Oli et al. 1994; Aryal et al. 2010). Pikas
are considered to be ideal small mammals for field observation as they are diurnal, highly
detectable and leave unmistakable indirect evidence i.e., piles of typical small round
droppings (Beever et al. 2010). The objectives of the study were to: (i) predict suitable
distribution range for Royle’s pika in western Himalaya using occurrence records
collected through landscape level survey, and (ii) identify the environmental factors
associated with Roylei’s pika distribution. The species occurrence records along with
geographical information system (GIS) environmental layers (bloclimatic and
topographic), and the maximum entropy distribution modeling approach (Phillips et al.

2006) was used to predict potential suitable distribution range in Western Himalaya.
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4.2 Methodology
4.2.1 Pika presence data

The current occupancy (presence) data (N=56) of Royle’s pika were collected through
survey from various locations in Kedarnath Wildlife Sanctuary (Tungnath, Rudranath,
Madmaheswar), Valley of flowers National Park; Nanada Devi Biosphere Reserve (Lata
Kharak, Bedni-Ali, Malari) in Chamoli district, Gangotri National park (Chirbasa) in
Uttarkashi district. Two locations (Dharansi Pass, Ramni) within Nanda Devi National
park were collected from literature (Uniyal 2002). Altogether 27 locations were used as
input for distribution modeling. During a survey the presence data of Royle’s pika was
collected from direct (sighting) or indirect evidence (pellets) and geographical co-

ordinates of each presence location were collected using a Garmin-72 GPS.

4.2.2 Selection of environmental layers

A rectangular boundary was drawn which covers the total sampling area (Uttarkasi,
Chamoli in Uttarakahnd). This rectangular boundary was further modeled as a raster map
based on Universal Transverse Mercator (UTM WGS 84 Zone 30N) coordinate system.
Geo-referenced satellite images (Landsat ETM) were collected from Global Land Cover
Facility (GLCF) website and processed ERDAS Imagine 9.3 and finally the study area
was exclusively extracted from the entire large landscape map. Normalized Difference
Vegetation Index (NDVI) for peak alpine vegetation growth period (May to August) was
created by ERDAS Imag.ine 9.3 software from these images. Various topographical
variables such as elevation, slope, aspect and ruggedness were prepared from Digital
elevation model using SRTM data of that region. The high resolution (1km) BioClim
environmental dataset (Hijmans et al. 2005; available at http:// www.worldclim. org)
were used to create environmental layers or variables. In general these datasets provide a
high resolution monthly maximum, minimum, and mean temperatures, and monthly
Precipitation data for current and future scenarios. Based on these data a set of 19
bioclimatic variables can be generated (Busby 1991). For the present study a set of 12

loclimatic variables was based on earlier pika research information (Table 4.1).
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4.2.2 Modeling process

Habitat suitability and distribution of a species can be calculated as measure of similarity
to the presence location of the species by using environmental variables. Though there
are different modelling algorithms available to understand how species distribution might
be influenced by different bio-climatic variables, the maximum entropy algorithms
(Maxent, Phillips et al. 2006; http://www.cs.princeton.edu /~schapire/ maxent/) are
widely used for developing ecological niche models due to its high accuracy (Elith and
Leathwick 2009; Rota ef al. 2011). In general, one can define “Maxent’ as software and
statistical method which can be used to develop species distribution models (SDMs)
when presence-only species occurrence data are available (Phillips er al. 2006). It
estimates the species distribution by species presence specific environmental covariate
density. Finally, it provides logistic output that estimates species occurrence probability
at each site (Phillips and Dudik 2008). Maxent version 3.3.3.e was used to run the model
(Linear, Quadratic, Hinge, and Threshold) with product features for convergence
threshold, maximum iterations (5) and background points (10,000). Jackknife variable
importance features was used to assess the relative importance of environmental
predictors. This generates an estimate of probability of presence of the species which

varies from 0 to 1 (lowest to Highest).

4.3 Results

Royle’s pikas were distributed between 2650m to 4554m in the study area. In Kedarnath
Wildlife Sanctuary, they were found to inhabit six different habitat types viz., a. habitats
with rocky boulder or broken slopes in oak-rhododendron mixed forest gaps, b. rocky
talus habitat in oak-conifer mixed forest edge, c. herbaceous meadows with embedded
rocks in soil, d. rock talus in alpine meadow, e. rocky talus in scrub (Rhododendron
anthopogon) covered meadow in alpine, f. ruble walls or human made rocky structures
from 2650m (Kachula-kharak) to 3752m (Rudranath). In Valley of Flowers National

Park, Royle’s pika inhabit open rocky talus habitat close to water stream. In Nanda Devi
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Biosphere reserve, they occupy rocky boulder in oak-rhododendron mixed forest gaps,
ruble walls oF human made rocky structures and open talus in alpine along 2850m to
4554m altitudinal gradient. Pika habitats in Gangotri National park were both rubble
walls (3300m) and rock talus in conifer forest gap (3345m).

The pika distribution model produced through maxent gave an estimate between 0 (very
low) and 1 (very high) of probability of presence (Fig. 4.1) in the study area. Majority of
high probability of pika occurrence locations were found to be in glaciated valleys with
ridge slope which receives high precipitation during monsoon (Kedarnath Wildlife
' Qanctuary, Valley of Flowers National park and Nanda Devi Biosphere Reserve) whereas
dry alpine areas (Gangotri National Park) found to have medium to low Royle’s pika

presence probability .

Mean Temperature of warmest quarter, elevation and precipitation of warmest quarter
were found to be the impertant contributors which govern Royle’s pika distribution in
western Himalaya (Table 4.2). Other important factors were Normalized Difference
Vegetation Index (NDVI) of monsoon (July and August) and the amount of precipitation
in coldest quarter. The probability of pika presence found to be decrease with high mean
temperature of warmest quarter and very high NDVI value (Fig 4.2). Pika presence
probability was increased with elevation but precision of parameter estimates were very
low in higher elevation (>6000m). Most suitable elevation was observed between 3500m
to 4000m (Fig 4.2). The probability of pika presence also increased with high
precipitation during coldest quarter. The area under the receiver operating curve (AUC)

was 0.91 with standard deviation 0.02 which suggested that maxent models produced

reasonable results.
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Figure 4.1 Potential distribution map of Royle’s pika in study area.
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Table 4.2 Major contributor environmental factors for predicted distribution

. Percent
Viudulsle contribution
- Mean Temperature of Warmest
19.2
Quarter
Elevation 17.6
Precipitation of Warmest Quarter 16.2
NDVI for month of August 9.4
NDVI for month of July 8.2
Precipitation of Coldest Quarter 6
Mean Diurnal Range 5.7
Slope 3.9
Ruggedness 33
Min Temperature of Coldest Month 2.9
Max Temperature of Warmest Month 2.2
NDVI for month of May 22
Mean Temperature of Wettest Quarter 1.9
Aspect 0.9
Annual Precipitation 0.4
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l“i.gure 4.2 Response curve of Royle’s pika presence probability and various
climatic and habitat parameters.
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Figure 4.3 Receiver operating characteristic (ROC) curve for Royle’s pika
distribution predicting model

4.4 Discussion

Montane species distribution has been known to be significantly governed by climate
(Grinnell 1917) especially by precipitation, temperature as well as other topographical
factor such as latitude, elevation (Ko'rner 2007). This study also indicated that
temperature (summer), precipitation (monsoon and winter), elevation and openness in
habitat (low NDVI) as principal factor which governs the distribution of Royle’s pika in
study area. Often distribution limits of a species found to be determined by various
physiological constrains (Gaston and Spicer 1998; Chown and Gaston 2000).
Thermoregulatory mechanisms in pikas generally said to be more behavioural rather than
physiological (Smith 1974). Pikas restrict their diurnal activity more in high temperature.
Thick fur layer as well as micro-organism’s activity (bacteria) in gut which aid in
digestion results comparatively high (2-3°C) body temperature than other rock talus
dwelling small mammals (MacArthur and Wang 1973). Other pika species (O. princeps)
With similar ecological requirements of Royle’s pika showed high tendency of hyper-

t i . . .
hermia which even leads to death at brief direct exposure to medium ambient
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temperatures (25.5-29.4°C) and intense solar radiation (MacArthur and Wang 1973,
1974; Smith 1974). High core body temperature (40.1°C) as well as a low upper lethal
temperature (43.10C) in pikas reflects their poor capability to prevent heat stress
(MacArthur and Wang 1973). Therefore, all pika population is sensitive to high
temperature. Because of this high sensitivity researchers consider temperature as primary
factors which governs the geographical distribution of various pika species (Grinnell
1917; Smith 1974; Hafner 1993; Beever et al. 2003; Grayson 2005) Temperature is also
found to be one of primary environmental factors which govern juvenile pika dispersal
(Smith 1974). American pika (O. princeps) becomes inactive during early day time at
lower altitude and remains active throughout the day at higher altitude (Hall 1946; Smith
1974). In winter large eared pika (O. macrotis) remains active all day as it inhabits
comparatively higher altitude than Royle’s pika (O. roylei) which remain active only
during dawn and dusk (Kawamichi 1971). The microclimate of talus habitat acts as
thermal refuge for pika which helps them in behavioral thermoregulation (Rodhouse ef
al. 2010). Various micro topographical features such as rock-ice features or cool crevices
even help them to persists beyond the limits of their bioclimatic envelope (Millar and

Westfall 2010; Simpson 2009).

The climate was considered to be the primary force which results local extirpation of
American pika (Ochotona princeps) in Great basin (Beever et al. 2003, 2011; Calkin et
al. 2012). The microclimates of pika extirpated locations were comparatively hotter
during summer and very cold during winter than locations which contain persisting pika
population (Beever et al. 2010). Calkin et al. 2012 found that the future distribution
predicting models for American pika under various degree of temperature increase
showed significant distribution shrinkage. The current distribution of various traditional
sub species of American pika (O. p. clamosa, O. p. utahensis, O. p. nigrescens and O. p.
Schisticeps ) found to be collapse 100% even prior to a 5°C increase (Calkin et al. 2012).
As Royle’s pika is also a talus dwelling species, thus it can possible that they will also be
Very sensitive towards the high temperature. Thus, the temperature during the warmest

Quarter (summer and monsoon) found to be major factor which shapes Royle’s pika

distrile es
IStribution ip the study area.



Wwinter precipitation ie., snow acts as insulation for both pikas and their food plants. Pika
remain active throughout the winter, therefore thick snow cover works as a protective
layer allowing pikas to survive high diurnal temperature fluctuation during winter and
early spring (Morrison and Hik 2007). Thus, winter precipitation in the form of snow
reduces energy expenditure for thermoregulation (Smith et al. 2004; Morrison and Hik
2007). The snow melting pattern also found to have significant influence on American
pika (O. prienceps) population demography (Kreuzer and Huntly 2003). Beever 2010
found that acute cold stress due to short duration of snow cover or a thin snowpack
results pika extirpation in the Great Basin. Snow-cover period and depth are critical to
maintain soil-nutrient quality, and thus have a profound effect on alpine food plant
growth (Walker er al 1993, 1995; Brooks and Williams 1999). Thick snow cover results
slow snowmelt, which delays the beginning of the growing season, and reduces frost
mortality in herbaceous plants buds (Inouye 2008). Thus, high winter precipitation also

helps pikas food plants to survive in extreme low and fluctuating temperatures during

winter and finally maintain availability of food plants for pikas (Marchand 1996).

The amount of precipitatio'n is generally high in mountains, thus most of the alpine plant
community generally prefer moist environment (Billings and Mooney 1968). Majority of
pika food plants follow C; photosynthetic pathway thus has high nitrogen and more
dependence on water than C, plants (Billings and Mooney 1968; Ge et al. 2012).
Therefore, water availability greatly affects the photosynthesis and thus also productivity.
A recent study by Ge et al. 2012 also revealed that expansion of Cs plants might have
cause significant range constriction and extinction during late Miocene. Unlike other
talus dwelling pikas, Royle’s pika does not make hay-piles for winter food (Kawamichi
1968). Therefore, availability of food plants during growing period plays crucial role in
Royle’s pikas by fulfilling its nutritional demands for successful survival and
teproduction. Hence, precipitation either during growing period or during winter plays a
significant role in distribution of alpine generalist herbivores such as Royle’s pika. The
Royle’s pika distribution map generated during this current study also indicated similar
trends as all the highly potential habitats were Jocated in those areas in Kedarnath wildlife

Say . . . s . . . .
ICtuary or Nanda Devi Biosphere Reserve which receive comparatively more rains
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during growing periods than those areas in north and northwest which are in rain shadow
areas. Royle’s pika generally prefer open habitats (Smith et al. 1990), thus probability of
its distribution decreases with increase amount of canopy cover. The elevation generally
determines the climatic regime as well as alpine plant community structure. Therefore,

Royle’s pika distribution found to be significantly governed by elevation.

Hafner (1993) showed that climatic fluctuation influenced the range expansion and
contraction in American pika across geological time scale. Though, the pika distribution
was found to be significantly governed by its bioclimatic niche. Recently some low
elevation pika populations were also reported which still persists beyond the limits of
earlier mentioned bioclimatic niche (Simpson 2009; Rodhouse et al. 2010). Royle’s pika
s distributed across the ehtire Hindukush-Himalayan arc. Thus, this current study just
identified some potential climatic and habitat variables which can significantly govern
Royle’s pika distribution at a landscape in western Himalaya only. Hence, to get more
accurate information about how various factors actually influence this species
distribution, more data on its presence as well as habitat should be collected from its

entire geographic range.
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Chapter 5

Influence of snow and habitat characteristics on Royle’s pika abundance

5.1 Introduction

Environmental variability can influence the evolution and life history of a species (Boyce
1988). Short-term variability in the environment can affect a species directly by changing
both its annual population size and its evolution of life history (Yoccoz and Rolf 1999). A
few empirical studies have addressed the effects of environmental variability and its
jmpact on species abundance, but these were mostly in plants (Benton and Grant 1996;
Gaillard et al. 1997). All cold regions experience marked seasonality, which include a
short growing period for vegetation during summer, a prolonged winter and considerable
snow cover. In contrast to high latitudes, climate at high altitude mountains shows
remarkable diurnal and seasonal variability (Barry 1992). Species adapted to cold climate
are sensitive to changes in ambient temperature and precipitation (Grinnell 1917,
Heatwole and Taylor 1987; Kérner 2007). This may explain why several animal species
in the alpine and arctic environment experienced range expansion and high gene flow
during the last glacial period (Hewitt 2000). Current global climate change might prove
to be greater threat to such species than those faced in past periods of climate cooling
(Sala e al. 2000; Holt 2003; Wiens and Graham 2005). The velocity of climate change is
higher in alpine regions than in regions of lower altitude (Naftz et al. 2002); thus, species
adapted to cold climates are more vulnerable to global warming (Hughes 2000; Moritz et
al. 2008). Significant change in climatic conditions may therefore induce extirpation in

species with low adaptive capability and a fixed bioclimatic niche across the distribution

range (Beever 2010).

Pikas (Ochotona spp.) are alpine small mammals (121-176g; Smith and Weston 1990). In
the western United States, the distribution of these herbivorous lagomorphs has moved
153 m upslope (~17 m/decade) during the course of several decades (~90 years, Moritz et
al. 2008). Recent studies (Beever ef al. 2003, 2010; Calkin 2012) have indicated that, in

the . . e w3
he United States, the distribution and abundance of pikas is significantly governed by
climatic drivers.
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pikas and VO les strongly influence the composition of the local plant community through
their ecological engineering activity, leading to increased diversity of plant species
(Bagchi et al. 2006). Pikas may also be an important prey base for several endangered
Jesser carnivores (Roberts 1977; Oli et al. 1994; Aryal et al. 2010), and their positive
jmpacts on soil nutrients and moisture gradient influence habitat quality for several avian
and mammalian species (Smith et al. 1999). Hence, pika extinction due to climate change

could have a significant negative impact on the functioning of alpine ecosystems.

Himalaya is home to seven different pika species (Smith er al. 1990), but there have been
only few scientific studies on pikas. One of the most widely distributed but least studied
alpine lagomorphs in the Himalaya is Royle’s pika (Ochotona roylei), which belongs to
the talus dwelling pikas (100-150g; Alfred er al. 2006). Royle’s pika is distributed from
north-west Pakistan to India, Nepal and the adjacent region of the Tibetan Plateau in
China (Hoffmann and Smith 2005), occupying open rocky slope.s between 2400m and
5000m above sea level (asl) (Chakraborty et al. 2005). Previous studies of Royle’s pika
dealt mainly with behavioural aspects (Kawamichi 1968, 1970). Bhattacharyya et al.
(2009) suggested that the seasonal variation in relative abundance of Royle’s pika is
mainly influenced by rock cover. The species is diurnal, clearly visible and relatively

easy to observe. Hence, they are ideal small mammals for field observation (Beever et al.
2010).

The objective of present study was to collect baseline ecological information, to
understand which factors influence the relative abundance of Royle’s pika. Using pika
population monitoring studies at permanently marked plots and a set of regression models
based on a priori ecologi¢al knowledge, competing models which incorporate various
logical combinations of snow attributes (snow cover period, snow depth), habitat
characteristics (rock cover, food availability) were selected. Winter precipitation and
habitat structure are important parameters governing the abundance of similar pika
Species (Franken and Hik 2004; Morrison and Hik 2007). Therefore, it can be
hypothesized that abundance of Royle’s pika will be governed by snow attributes (e.g.
SIOW cover period and depth of snow pack during winter and spring), and habitat

ch L . . .
Aracteristics (e.g. food availability or amount of rock cover). An information theoretic
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framework was used to construct and evaluate competing regression models to test this

hypothesis.
5.2 Methodology

5.2.1 Estimation of pika abundance

Ten permanently marked plots (50mx50m) were used to record the abundance of Royle’s

pika in various habitat types along a 750 m altitude gradient, starting at 2900m. All sites

were further categorized into two altitudinal zones: an alpine zone (3400-3650 m, N = 5)

and a timberline to subalpine zone (2900-3300 m, N = 5). Each plot was surveyed for
pikas once a month during the pre-dispersal period (May-August), from 2008 to 2011

(except for July—August in 2010 and May in 2011), yielding a total of 390 sampling

occasions. At each sampling occasion for a plot, there were three sampling sessions of
four hours each (morning: 6-10 am; day: 10 am—2 pm; evening: 2—6 pm). Royle’s pikas
were also categorized into three distinct groups: juvenile, sub-adult and adult. Individual
animals were identified based on morphological features (body size, coat colour, location
and pattern of molting marks, and scar marks on ears). Since pika abundance was studied
during the pre-dispersal months only, pikas were categorized in two groups: juvenile (the
new born litter) and adults (adults and sub-adults). The pika abundance index was
calculated by taking the average individual count of three observation sessions in a day,
and then pooled to obtain monthly and annual estimates (Bhattacharyya et al. 2009). The
detection probability of pikas in study sites is influenced only by the richness of
herbaceous species (Bhattacharyya et al. 2009). Therefore, other habitat variables (e.g.
food availability, rock cover or altitude zone) were used as predictors of pika abundance

D a linear regression model, as discussed below.

The location and altitude of the plots was recorded through a global positioning system
(GPS, Garmin 72), and the percentage of rock cover was estimated visually. Pika food
Plants were identified by direct focal sampling (Altmann 1974). Royle’s pika reported to
forage on 26 different plant species in the study area (Bhattacharyya et al. 2009).
Therefore, a standard quadrat method (Rawat and Adhikari 2005) was followed to
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estimate the density of food plant species. Ten, 1m x1 m quadrats were laid randomly

within each permanent plot at monthly intervals. The availability of food plants
(individuals per sq.m) in a study plot was calculated after pooling the abundance of all
food plants for that site. Spow depth was recorded at ten fixed points in each study plot
over four years (2007-2011) ona monthly basis during winter and spring, with the results
pooled to obtain annual average snow depth, and average spring snow depth. The snow
cover period was estimated as the number of days, in which at least five of ten snow-
depth measuring points in a study plot were covered by snow. The day of first sighting of

a juvenile at a permanent site was used as the index of juvenile pika emergence time.

5.2.2 Data analysis

All data were tested for normality through the Kolmogorov-Smirnov test, and square root
transformation was applied to achieve normality (Zar 1999). Adult population data were
log-transformed before regression analyses, to reduce skewness. Data were also tested
through Pearson’s correlation test; predictor variables with a Pearson’s r > 0.4 are
considered to be highly correlated. Therefore, those correlated variables appear as

separate models or as an interaction affects in linear regression models.

Linear mixed models (LMM) were used with year as predictors to test whether
abundance of pikas (adult and juvenile), snow-cover period, annual snow depth, spring
snow depth and food availability varied significantly in 2009, 2010 and 2011 compared
with 2008, using different sites as random effect. Logistic regression was used to model
pika abundance as a function of various predictor variables. Based on the research

literature on pikas, a set of predictor variables was selected (Table 5.1).
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Table 5.1 Potential predictor variables for modeling pika abundance during the
ears 2008 t0 2011 among various sites (N = 10) in the western Himalaya. Each
riable was selected based on a priori ecological information available on pika

a
},rom the sources presented here
Predictor variables Rationale Source
Snow cover duration Increase snow duration, depth in winter 1,2,3
o and spring will reduce cold stress in pikas and

Snow depth 1n Winter its food plants and increase winter survival 1,3
Snow depth in spring 2,3
Rock cover High rock cover reduce predation risk 4,5,6,7

High food availability will positively influence

the fecundity of pika population ’

Food availability

Source reference: 1. Kreuzer and Huntly 2003, 2. Franken and Hik 2004, 3.Morrison

and Hik 2007, 4.Bunnell and Johnson 1974, 5. Smith 1974, 6. Roach et al. 2001, 7.
Bhattacharyya et al. 2009.

Although pika observations were separated by different sites for independence of
observations, the nesting of pika observation within sites might lead to a different kind of
dependence, which would violate assumptions related to independence of regression
technique (Zar 1999). To rule out this problem, we used generalized linear mixed effect
models, with different sites as random intercept. This method helps to identify the natural
groupling of observations and would also explicitly account for random variations in the
odds of activity between sites that might arise from within the site, if other factors remain
constant (Zuur et al. 2009). Following Zuur et al. (2009), candidate models were
designed by Laplace approximation and maximum likelihood parameter estimation using
the “Imer” function of the Ime4 package in program R. Each candidate model was
formulated based on one or more predictor variables. The relative support for each
model, as well as each predictor, was compared in an information-theoretic framework
using Akaike Information Criteria (AIC, adjusted for small sample size-AICc, Burnham
and Anderson 2002). The best fit model was selected (lowest AICc), and final parameter
estimates were obtained by the restricted maximum likelihood method. All analysis and

Plots were executed through R 3.2 (the R Foundation for Statistical Computing,

1 .
Upi/www.rproject org/).
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[nitially: linear mixed effects models were used, in which the abundance of both adult
and juvenile pika was used as a function of the predictor variables mentioned in Table
5.1. using different sites as random effect. Simple linear regression was followed to test
yarious candidate models. It was expected that the pika abundance would have a positive
nfluence if snow COVer p'eriod and annual mean snow depth increased and a negative
influence if spring Snow depth, food availability and rock cover decreased during the
study period. To address these hypotheses, a set of logistic-regression models were
constructed, each based on the predictors mentioned above. Additive effects as well as
interactive effects of one, two or three predictor variables on pika abundance were also
estimated. For example, it was predicted adult pika abundance would be influenced by
snow cover period or average snow depth, and interactive effects of snow cover period or
annual mean snow depth and altitude zone. In contrast, juvenile pika abundance would be
influenced by additive effects of spring snow depth and food availability or rock cover,
and food availability or rock cover or spring snow depth. In total, five models for adult
and six for juvenile pikas were compared to support various hypotheses including a null
(intercept-only) model for each adult and juvenile abundance analysis. The best candidate
model was selected with the lowest AIC. Multi model averaging was performed, if two or
more models A AIC < 2. To identify the factors that govern the emergence of juvenile
pika at each permanent site, the emergence was modeled with logical alternate

combinations of snow cover period, spring snow depth, food availability of the month

when emergence were recorded and altitude zone, following the statistical modelling

protocol described above.
3.3 Results

In the alpine zone, five distinct habitats were identified (rocky alpine meadow, alpine
SCrub meadow, rubble wall, broken slope and Danthonia grassland) as well as a
timberline—subalpine zone.(mixed herbaceous meadow, rocky slope, rocky forest edge,
broken slope in subalpine and forest gap with boulder). The rock cover was highest
(72%) in broken slope in the subalpine habitat, and lowest (10%) in mixed herbaceous
Meadow. The highest adult pika abundance (4.43 +0.60) was recorded during 2008 at

rub . . : 5
ble wal] in the alpine zone, followed by broken slope (3.78 £0.34) in the timberline—
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cubalpine zone. The Jlowesf adult abundance (1.22 +£0.21) was observed at forest gap with
poulders in the timberline—subalpine zone during 2009. Royle’s pika found to give birth
one litter per annually. In juvenile pikas, the highest abundance was recorded in

n slope (3-11 0.15) during 2009 and in rocky slope (2.33 +0.19) during 2011 in the

only

broke
timberline—subalpine zone (Fig.5.1). Overall, both adult and juvenile abundance was y

higher in alpine zone habitats than in timberline—subalpine zone habitats throughout the

study period.
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The adult and juvenile pika abundance was significantly lower in 2009, and no significant
change Was observed in 2010 and 2011 compared to 2008 in the study area. During
2008-2009, all snow-related predictors (snow cover period and snow depth in annual and
spring season) were significantly lower than in 2007-2008. Significant increases in snow-
cover duration and annual snow depth were observed in 2010-2011 (Table 5.2). The
study area experienced the highest mean snow-cover period (111.9 £4.45 days) during
20102011, with an average annual snow depth of 59.59 +4.48 cm and food availability
of 503.0+£14.43 individual m™. The shortest snow-cover period (71 +3.81 days) with
average annual snow depth of 23.18 +1.12 and food availability of 214.11+11.15 was
observed in 2008-2009. The spring snow depth was highest (44.13£1.06 cm) in 2007-

1008 and lowest (18.33+3.06 cm) in 2008-2009.

The possible relationship of different predictor variables (snow-cover period, spring snow
depth and food availability) and pika abundance in alpine and timberline-subalpine zone
was explored through a scatter plot (Fig.5.2). The adult and juvenile populations in alpine
zone showed a positive trend with increase in snow-cover period and spring snow depth,
whereas no distinct trend was observed in the timberline—subalpine zone. No trends were

observed between food availability and pika abundance (adult and juvenile) in both

altitudinal zones.

53



Table 5- 2 Summary statistics of linear mixed effects models to test significant inter-
_pnual variations (2008 Vs. 2009, 2010, 2011) in adult and juvenile pika population
‘abundance’ snow cover period, annual mean snow depth, spring snow depth, food

availability in the study area (N = 10). * indicate significant change.

parameters Beta SE t-value
Adult abundance Intercept 2.87 0.16 17.21
Year 2009 -0.58 0.21 -2.66*
Year2010 0.04 0.24 0.20
Year2011 -0.29 0.24 -1.20
Juvenile abundance Intercept 1.57 0.18 8.40
Year 2009 -0.41 0.19 -2.09*
Year2010 0.12 0.21 0.57
. Year2011 -0.20 0.21 -0.94
Snow cover period Intercept 95.80 3.93 24.34
Year 2009 -24.80 0.68 -36.05*
Year2010 0.10 0.76 0.13
Year2011 16.10 0.76 20.93*
Annual mean snow depth  Intercept 35.46 4.70 7.54
Year 2009 -12.28 0.92 -13.30*
Year2010 -6.06 1.03 -5.88*
Year2011 24.13 1.03 23.37*
Spring snow depth Intercept 44.18 3.68 12.02
~ Year 2009 -20.65 1.23 -16.78*
Year2010 -25.68 1.37 -18.66*
Year2011 -25.85 1.37 -18.79*
Food availability Intercept 258.74 46.67 5.54
Year 2009 -44.63 39.35 -1.13
Year2010 76.60 44.00 1.74
- Year2011 24427 44.00 5.55*
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Figl_lre 5.2 The relationship of pika abundance (adult and juvenile) and different
environmental factors (snow cover period, spring snow depth, food availability) in
alpine (@ ) and timberline-subalpine zone (0J).

Most of the potential predictor variables (Table 5.1) were found to have a high
Correlation. Food availability had a weak but significant correlation with annual snow
depth (r = 0,23 5, p < 0.05) and snow cover period (r = 0.291, p < 0.05). All snow-related
Predictors were correlated with one another (snow-cover period and spring Snow depth: r
~0.408, p < 0.001; snow-cever period and annual mean snow depth: r = 0.899, p <0.001;
SPring snow depth and annual mean snow depth: r = 0.419, p < 0.001), as well as with

altj
tude zope (spring snow depth: r = 0.536, p < 0.001; annual mean snow depth: r =
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0607, P < 0.001, snow-cover period: r =0.514, p < 0.001). Therefore, they appeared as

separat€ model or interaction effects with altitudinal zone.
The best model of adult pika abundance (Table 5.3, Fig 5.3) received far more support
than that of the null model (A AIC = 7.10); no other model received similar support (all A
AIC values were > 2). In the best model, the interactive effect of predictors (snow-cover
period and altitudinal zone) had a significant positive influence over adult pika
Jbundance (Table5.4). For juvenile pika abundance, only two models received more
support than that of the n.ull model. The food availability, amount of rock cover and
spring SnOW depth formed the best model as predictor, and positively influenced the
abundance of juvenile pika (Table 5.3). Food availability and rock cover had more

‘nfluence on juvenile abundance than the spring snow depth (Table 5.5).

The timing of emergence of juvenile pika varied significantly between différent sites
across the year (F =10111.35, df =1, 56, p<0.001). The juvenile pikas were encountered
earlier (4.13 days) in the timberline—subalpine zone than in the alpine zone (Fig. 5.4). The
earliest emergence of juvenile pika was recorded at broken slope in the subalpine zone
and at bouldary forest gap habitats in the timberline—subalpine zone on 8 May 2010,
whereas the latest emergence was recorded at rocky alpine meadow and alpine scrub
meadow in the alpine zone on 8 June 2009. The best candidate model to explain the
relationship of juvenile pika emergence time with snow-cover period , spring snow depth
and food availability received more support than the null model (A AICc = 204.85); no
other model received similar support (all A AIC values were > 2). The standard deviation
of random effects of site was 4.658, implying that much of the variation in emergence
time was due to random variation between sites. In the best model, juvenile pika
“Mergence time was found to be governed by interactive effects of snow-cover period
and altjtyde zone. The best fit model’s B-coefficients estimates suggest that a short snow-
Cover periog (B=-0.337 +0.11, t = —2.963, mean +SE) delayed the pika emergence date.

O.th altitude (B=-—4.712 £ 7.11, t = -0.662, mean +SE) and the interactive influence of
altitude apq snow-cover period (B =0.1032 £0.073, t = ~1.409, mean +SE) also had a

Negatiye ;
Ve -
Influence over emergence timing.
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3 Relative support to various can.didate models explaining competing
ecological hypothesi§ ab?ut .factor§ affecting abundance of Royle’s pika, using

) formaﬁO“ theoretic crfter{a at different study plots (N =10 ;AICc values =
K]kaike’s information criterion, Log( L) Log= likelihood, K= number of modeled
parameter, AAICc= the difference between the indicated model and the best model
(the model with lowest AIC).

Table 5

Model (predictor) -2xLog(L) K  AICec AAICc Akaike
weight
Adult pika abundance
Spow cover period* Altitude zone -35.97 3 81.95 0.00
Annual mean snow depth* Altitude
ZORE -38.38 3 86.76 4.80
Snow cover period -40.71 3 87.42 5.46
Rock cover+ Snow cover period -39.97 4 87.95 5.99
Null model -42.52 2 89.05 7.10
Food availability -42.11 3 90.22 8.26
Rock cover -42.14 3 90.29 8.33
Juvenile pika abundance
Food availability + spring snow depth ~ -40.02 4 88.04 0.00 0.39
Rock cover+ spring snow depth -40.19 4 88.39 0.34 0.33
Null model -42.52 2 89.05 1.01 0.28
Food availability -42.11 3 90.22 2.17
Rock cover -42.14 3 90.29 2.24
| Food availability * altitude zone -42.46 3 9293 4.88

Table 5.4 Estimated influence of parameter (Snow cover period and altitude zone)
On.afl“lt Royle’s pika abundance measured by the best fit general linear model
(minimum Akaike information criterion)

Parameter Beta Std. Error  tvalue  p-value

Intercept 0.852 0050  14.610  0.000
Snow cover period -0.053 0.058 0.906  0.367
Altitude zope -0.016 0.083 -0.189 0.851
W‘iod x altitude zone _ 0.256 0.083 3.083  0.003

dJ[]sl'(-l ' standard error: 0.3539 on 96 degrees of freedom, Multiple R-squared: 0.1228,
ed R- squared: 0.09537 . F-statistic: 4.479 on 3 and 96 DF, p-value: 0.005481
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5.5 Estimated influence of parameter (food availability, rock cover, spring

Table ° L 9 3
oW depth) on juvenile Royle s pika alfundance measured by the best fit general
finear model (minimum Akaike information criterion and multi model averaging)
/‘
parameter Average Confidence Interval Relative Variable
Beta Lower Upper importance
—
Food availability 0.045 -0.028 -0.120 0.72
ROCk cover 0.040 -0.033 0.144 0.39
Spring snow depth 0.074 -0.0006 0.148 0.33
Residuals vs Fitted Nommal Q-Q
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Figure 5.3 Diagnosis of best fit adult pika abundance candidate model.
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Figure 5. 4 Influence of snow cover on emergence time of juvenile Royle’s pika.

5.4 Discussion

Snow acts as insulation for pikas during winter; a thick snow cover works as a protective
layer, allowing pikas to survive high diurnal temperature fluctuation during winter and
early spring (Morrison and Hik 2007). The results of this study support the hypothesis
that pika abundance is sigﬁiﬁcantly affected by total snow-cover period and snow depth
in Spring, Royle’s pika does not hibernate in winter, and does not make hay-piles for
Wi‘nter food (Kawamichi 1968). Thus, adult pikas face harsh climatic conditions during
Minter (in contrast to juvenile pikas, which are usually born in early summer). This
“Plains why snow attributes were more important governing factors for abundance of
adu.lt Pikas than other habitat characteristics, such as amount of rock cover or food
a\i'allability. During the winter of 20082009, a short snow-cover period may have caused
ingh :dszl:npika mortality due to cold stress, which in turn resulted in low pika .abundance
and g dur:rr of 2009, Kreuzer and Huntly (2003) found that the snow' meltlflg pattern

'on has a significant impact on the demography of the American pika. Acute

Cold
res
S (due to short duration of snow cover or a thin snowpack) Was also found to be
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mportant reason for pika extirpation in the Great Basin (Beever 2010). Royle’s pika
an ! ! :

- ready 10 reproduce during spring, and the gestation period in similar talus-
eC

b .
gwelling Pik3 is reported to be about 30 days (Severaid 1950; Smith and Weston 1990).

The thermal -nsulation provided by a thick snow pack during spring reduces cold stress; it
Jlso creates within burrows an environment that favours successful reproduction in adult
oika Hence, spring Snow increases the abundance of juvenile pika. Snow distribution in
ihe alpine environment is mainly governed by the interaction of wind and topography.
spow generally falls evenly, but strong winds usually remove snow from ridges and
deposit it in drifts and other protected (unexposed) places. Hence, variation in snow cover

duration, as well as depth across the sites or the years, may have led to the variation in the

sbundance of adult and juvenile pika seen in the present study.

Winter snow cover works as thermal insulation for plants, as it does for pikas, protecting
alpine plants from extreme low temperatures and fluctuating temperatures (Marchand
1996). Snow-cover period and depth are critical to soil-nutrient quality, and thus have a
profound effect on alpine food plant growth (Walker ef al 1993, 1995; Brooks and
Williams 1999). Although the alpine soils are frozen and snow covered for much of the
year, soil particles are reported to be surrounded by water films even at -10° C
(Romanovsky and Osterkamp 2000), allowing microbial activity to continue (Coxson and
Parkinson 1987; Rivkina et al. 2000; Mikan et al. 2002). Therefore, deep snow during
Winter and early spring may alter the soil microbial community by increasing their
Mutrient pool, leading to more nutrients (e.g. nitrogen) becoming available to plants for
following growing season (Buckeridge and Grogan 2008). In alpine and tundra
e_cosyStemS’ soil nitrogen supply is limited; thus, a change in nitrogen supply can
“enificantly influence phenology and biomass of alpine food plants (Shaver and
I;:nmerow 1992; Schimel er al. 1996). Thick snow cover results in later snowmelt,
erlcieizl:ysl the beginning of the growing season, and reduce.:s fro:t r:::;lhstzldl;l
whigh indicp ants buds (Inouye 2008). These facts suppf)rt the findings oI pr o ’

ate that long snow cover period and thick SnOW pack results in high

availability of fo

g od plants, which possibly, improve pikas’s health by Increasing

l'itional .
l . . 2 the
" ntake during following breading season In spring and also for rest of

er, . R
hese regylts supports the second hypothesis that indicate high food availability
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nfluences the pika abundance (juvenile) through proving optimum nutrition and

irectly . .
dltle iy by improving fecundity of adult pikas.
ind1r

pikas Jenture out from their burrows to forage and return back after each bout (Orians

and Pearson 1979; Roach et al. 2001). Therefore, predation risk is an important cost
associated with each forage bout, and to minimize predation while maximizing available
forages pikas take advantage of rock cover. This was confirmed in the present study,
which identified rock cover as important factor governing juvenile pika abundance,
suppoﬂing the third and final hypothesis. The results also aligned with earlier research on
American pika that suggested a positive linear relationship between pika abundance and
talus rock size (Bunnell and Johnson 1974). The amount of rock cover in a habitat has
also been shown t0 have significant influence over seasonal abundance of Royle’s pika in

western Himalaya (Bhattacharyya et al. 2009).

In spite of high variation in alpine environment, especially in terms of precipitation and
snow pack, the talus-dwelling pika population is reported to be remarkably stable
(Southwick e al. 1986). Pikas, especially those that are talus dwelling, share several
characteristics that make them vulnerable to climate change; these characteristics include
poor ability to disperse, close association with patchy habitat in mountain sky islands,
high sensitivity towards temperature fluctuation and low fecundity (Smith and Weston
1990; Walther et al. 2002; Beever et al. 2011). American pika, which are widely
distributed across a high-altitude talus habitat in the Great Basin—Greater Yellowstone
cCosystem, are reported to' be extirpated at 9 of 25 locations of historical records in the
Great Basin, and functionally from another site (Beever et al. 2003, 2010). Climate
Varming i predicted to dramatically alter this species’s distribution of genetic diversity
;?::zze:th 2009). Even the Ili pika (O. iliensis) in China has experi.enced recent anci
_—— anrgf retractions, putatively due to increased temperature, possibly due to gk’bal
“’armini ((Sl.and Smith 2005). The Himalayan region is reported to be affec-ted by lglo.b;
informat10n ;ngh and Bengtsson 2004). However, the. absence (,)f baS1c. ecologic
erived from long-term information about Himalayan pika species hampers

Undloggy
andj
ng of how they will respond to future climate change.
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The prCSG

environm ;
arch and population monitoring programme, with the aim of tracing and

pika rese

quantifyin

ot study uncovered the basic relationship between pika abundance and th
e

nt. The findings can be used as baseline information for a future long-t
-term

g the effects of climate change in alpine Himalaya.
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Chapter 6

*Seasonal variation in time activity budget of Royle’s pika

6l Introduction

[formation 08 activity budget has significant ecological importance as natural selection
often favor individuals who can effectively utilize time within space (Caraco 1979).
Understanding of activity budget can also provide us information about how an animal
divide up 1t activity throughout the day as well as different seasons which are important
t0 understand the mechanism through which animals cope with varying energy demand,
environmental and habitat changes and allocate time and energy for successful survival
(Defler 1995). Therefore, time activity budget reflects animal’s physical condition, social
sructure which is extremely helpful to understand their ecological needs (Paulus 1988).
Hence, activity budget can provide insight on the functional role of a habitat to its
inhabitants and this information can also be very useful for effective conservation and

management planning (Barros and Baldassarre 1989).

Activity budget studies were often used to better understand the ecology of variety of
animals such as birds (Stock and Hofeditz 1996), small mammals like squirrels (Wauters
et al. 1992) and bats (Charle-Dominique 1991), ungulates like moose (Miquelle 1990)
and bighorn sheep (Goodson e al. 1991). Activity budgets are also very popular in
primatology studies as they are excellent tools to understand effects of variation in habitat
Stucture (Isbell and Young 1993; Watts 1988; Defler 1996), predation risk (van Schaik et
4. 1983), food availability (Adeyemo 1997) as well as social structure on an individual
° 8roup of animals. It is also recognized as an important tool to understand habitat use,

Commyp;
Mmunity structure and niche separation (Rave and Baldassarte 1989; Hepworth and
Hamiltoy, 2001),

High ’
a - . .
ltitude ecosystems experience marked seasonality, thus animal lives in such

“Cosyst
e
M has short and restricted period to gain energy and perform successful

"®prog
tetio i : : it etic
bure 0. High variation in climatic condition also 1MPOS® additional ener
n OVe.
)

Roy)

" alpine mammals which has relatively small body size. Therefore, we select
Y ol
Pka (Ochotong roylei) a high altitude small (100-150g; Alfred ef 4

1. 2006)
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porph as Ot study species to understand how alpine small mammals like pikas
|ag0 : ‘ 5 .

grform opﬁmal allocation of time-activity budget under such highly seasonal and
e " o .

P' s climatic condition. Additionally, pikas are excellent model systems for
rig

behaVioural ecology studies as they are diurnal, highly detectable and easy to observe in

iheir r0cky talus habitat and have high tolerance for human observer presence. Pikas are

50 eported 10 play significant ecological role in alpine-subalpine ecosystem as they are

prey base for several endangered carnivores (Roberts 1977; Oli et al. 1994; Aryal et al.

2010)- '
Royle’s pika is distributed in Himalayan region from north-west Pakistan to India, Nepal

and adjacent Tibet (China; Hoffmann and Smith 2005) and highly adapted to sub-alpine
and alpine habitats in Himalaya. Its distribution varies from 2400m a.s.l. up to 5000m
25 and mostly in open rocky grounds and Rhododendron forests (Chakraborty et al.
2005). Although Himalaya is home for seven different pika species (Smith et al. 1990),
but studies on Royle’s pika as well as other pika species inhabit in Himalaya are scanty.
Earlier research was conducted on Royle’s pika by Kawamichi (1968, 1971) at Khumbu
region in Nepal were mainly focused on the distribution pattern, winter behaviour and
social organization of O. macrotis and O. roylei. Though these studies provide a detail
account for winter behaviour of Royle’s pika, but all earlier studies were conducted for
very short term (four moniths or less) and only during winter months. Therefore, these
Studies did not provide any information about Royle’s pika behavioural ecology during
their peak activity period.
This research is aims to collect ecological information to understand the time activity
:zccli::f Rf)yle’s pika in a spatio-temporal scale. Major objectives of t‘he stud.y .were i) to
. nt different behavioural states of Royle’s pika, if) 0 calculate time activity budget
;::;ier::t altitude as well as season, iii) to understand how habitat cha.racteristics .like
tock cover or food availability might influence pika behaviour, especially

Vigilanc
e S e
behaviour iv) to understand the behaviour sequences in activity budget:
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6.2 Methodology

1 Behavioural observations
6.2

The pika pehaviours Were observed for two year (2008-2009) on monthly basis. The
atire gtudy period were divided into three season viz. summer (May-June), monsoon
(July_September) and autumn (October-November) while no observations were recorded
quring September due to heavy rain or during winter due to inaccessibility. The entire
study area was divided into three altitudinal zones: sub-alpine (2900-3150m), timberline
(3200-3350m) and alpine (3350-3680m). In each altitudinal zone, one 50x50 m
permanent plots were delineated to record the behaviour. Each permanent study plot was
ot 2 minimum 200 m distance from its neighboring plot and has similar aspect and slope.
pikas were observed using focal sampling methods by a 10x 40mm Nikon binocular from
high vantage point on a rock from where entire study plot is visible (Altman 1974). As
Royle’s pikas are synanthropic in nature, hence, presence of observer didn’t seem to
influence their natural ac£ivity (Kawamichi 1968). Individual animals were identified
based on size, moulting sign in body and scar marks in ear. Juvenile pikas was monitored
only during summer and monsoon as after this period they attained same body size of one
year old adult, therefore, it was difficult to separate them from adults. Juveniles were also
very less active than adults, especially during summer which results a low amount of
observation. Hence, Juvenile pika data were only used to describe their activity budget
Mot in any further statistical analysis. Food plants were identified during behaviour
Observation session and 1x1m traditional quadrat were performed to estimate food plant

dencity
“nsity in each study plot. Percentages of rock cover at each study plots were recorded by

ocul : :
ular estimation (Van Hees and Mead 2000).

Il:hl:}:iour of Royle’s pika was monitored from 0600hrs to 1900hrs and c?tegor;eod
1100hrs) ;Ve observation sessions as early morning (0600-0800hrs), llate mommlg_;9 (()(()) y )-
ime SP;n day (1100'1500111'8), afternoon (1500-1700hrs) and evening (1700- ! S).

s for different behaviour were estimated by 2 stopwatch and recorded in pre

Sruety

re :

Miny;  data sheet. Each observation occasion lasted for ten mi and followed by a five
© recess
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avioural states WeIe selected for behavioural observation based on earlier

tal siX beh
michi et al. 1968, 1971), such as-

qudies (K&W8

| Foraging- feeding in sitting posture or carrying food to refuge,

2 Iocomotion- includes running and leaping,

Musing- spending time in sedentary sitting condition and depend on the duration

(OS]

further divided into two groups, a) Long musing- The duration varies from few
minutes to several minutes, they sit at a particular location known as musing
points and do not move their head or ear, fore paws are not visible, b) Short
musing- The duration of this musing varies from few seconds to one or two
minutes, though pika sits motionlessly but always seems to be very alert,

4 Grooming- rubing chicks by fore paws and scratching body by hind paws (this
behaviour was mentioned as “washing and scratching” by Kawamichi, 1969, He
also mentioned “trembling behaviour" which has similar function like washing
and scratching, thus trembling and washing, scratching observation were pooled
together under grooming behaviour category),

5. Vigilance- moving head in different directions and observing habitat, possibly to
understand predation risk (Kawamichi 1968,1971 called this behaviour as

“inspection”),

Vocalization- low pitched call. Kawamichi 1968 reported very weak vocalization

in Royle’s pika, most vocalizations reported to be very low pitched and hardly

audible from few meter distance.

ome behayioura] states were considered as rare behaviour if they were observed only

e or two Observation occasions during whole two year study period and contribute less

in:luzzz I‘JEY Cel'lt in overall activity budget. Those rare behavioural observations Were not

In activity budget calculations and reported separately in results.

Duy

arnol:ri t:fe Study, pikas were often out of view within their
obsery

W' .
Ithip bUrroW

Wgety
) o
U1y When they were visible above ground and

burrows for considerable

ation hours. As it is difficult to predict their activity state while they are

R . ed
» therefore, pika were considered as «active” (all behaviour data pool

«ipactive” if they were out of
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, Act Jity pattern often also defined as ratio of activity and inactivity. Hence, the
view . .« e s . ) ’
o ¢ Jctivity and inactivity 1n adult pikas were plotted in bar graph to get preliminary
ratl . . . )

ot about spatio-temporal pattern of pika activity. While estimating the activity budget
ide 3

spent in inactive condition were not incorporated.
time

¢2.2 Data analysis

The activity pudget data were tested for normality by the Kolmogorov-Smirnov test and,
whenever necessary, applied the arcsin and square root transformation to achieve
qormality (Zar 1999). As the data were not normally distributed even after
iransformation, therefore, Kruskall Wallis tests (Zar 1999) were performed to determine
if the amount of time spent in different behaviours significantly varies across different
seasons as well as In different observation hours in SPSS 16.0 (SPSS for Windows, Rel.
16.0.0. 2008. Chicago: SPSS Inc).

Behaviour often considered as time sequence of different behavioural states in an animal
or a group of animal. For solitary or less social animals behaviour likely to be triggered
by internal factors like hunger or external factors like climatic condition, presence of
predator (Slooten 1994 ). Earlier research indicates behaviour of an individual might be
influenced by preceding behaviour (Bakeman and Gottman 1986). Therefore, analyzing
behavioural sequence or behavioral transition (a preceding-following relationship of two
behaviors) can be useful to identify and understand the rules which influence the order of
occurrence of several behaviours together (Berridge 1990; Meyer and Guillot 1990; Waas
1991; Wolffgramm 1990). To understand behavioural sequence in a particular seasomn,
reI’Tesentative subsamples from entire observation of a plot were chosen for analysis. The
“Mie observation hours were divided into morning (0600-0900hrs), day (1100-1400hrs)
5 .GVening (1400-1900hrs). Data were pooled from different altitude zone together fora
Patticulay Season as the variance present in data was quite low (<15%). Z-Scores were
ca;ltlzt:;d;mtané the power of sequential dependence of two behaviours. Z—sco::;vei:
liso andOILl?Wlng the formula adopted from Slooten 1994 and references . :
b iker 1982: Bakeman and Gottman 1986; Gottman 1980. The difference

etween . 40
Obser .o i ation
B Stved and expected frequency were divided by their standard dev!

ake : :
" and Gottman 1986). Hence, Z-score can be helpful to estimate if a partioular
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. r sequence occurs significantly often or less than expected by chance. As Z-
pehavio

S 1.96 or < -1.96 are considered as statistically significant at the 0.05 probability
gcoré ’

which ar

yith negative z”
is less than random chances whereas behaviour with positive values indicates

refore in our results, we demonstrates only the Z-scores of behaviour sequences
& Statistically significant (Bakeman and Gottman 1986). Behaviour sequence
score value indicate the probability of occurrence of behaviour in

sequence

e p robability of two behaviour occur in a sequence is more than only random chances.

6.3 Results

pika observation plot in alpine zone and subalpine zone was broken slope talus habitat
where as it was a mixed herbaceous meadow in timberline zone. The talus rocks were
quite abundant and dispersed in alpine and subalpine zone habitat whereas most of rocks
were embedded in soil with crevices in timberline zone habitat. Highest (72%) rock cover
was recorded in broken slope in subalpine followed by broken slope (55%) in alpine and
mixed herbaceous meadow (20%) in timberline. As the study area receives high rainfall
during monsoon as well as summer and post monsoon seasons. Thus, most of the talus
rocks were covered by moss and lichens. Royle’s pikas showed bimodal activity pattern
in all seasons and altitude. Total observation hours were 464 for adult and 312 for
juenile pikas. Adult pikas found to be highly active during early morning and late

tvening hours whereas comparatively less active during midday hours (Fig.6.1)-
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st equal in all altitude zone. The highest activity (95.02+ 0.14%) was recorded
was

e carly morning hours (0600-0700hrs) during monsoon in subalpine zone. Food
durl .

a\'ﬂilability o ;
oviest (35.07% 1.23 individuals per sq m) during autumn at alpine study plot.
0

were highest (732.35% 2.34 individuals per sq m) during monsoon whereas

Total seVen different behavioural states (foraging, locomotion, vigilance, grooming, short
using and long Musing, .vocalization, Fig.6.2) were recorded in adult pikas. Royle’s
pikas spent highest (42.0:1.29%) amount of time in foraging whereas vocalization
contribute least (1.49 +0.10%) in overall activity budget across all season and altitude

(Table 6.1)- Here are the detailed descriptions of each behaviours.

Foraging: while foraging on long leaves or grasses, Royle’s pikas usually eat the leaf
from the root to tip (Fig 2-A). Collection or carrying of food is always found to be
performed by mouth not using fore paws. During several occasions pikas were observed
{0 stretch their body or jump to get food plants which one is seemed to be out of reach.
Majority of the foraging activity were centered within few meters of talus crevices
opening. Royle’s pika reported to feed on 26 different plant species in the study area
(Bhattacharyya et al. 2009). During autumn when majority of herbaceous plant species
undergo senescence, they found to be actively feed on moss and lichens on rocks. They
also found to be in highly alert condition while engage in foraging activity. Pikas found
0 stop feeding if they presume any sign of possible threat and enter into vigilance
behaviour. Most often after such condition they retrieve themselves within their burrows
and again show up after few minutes. Foraging is comparatively higher in all altitude
fiuring monsoon (45.01-44.6%) than summer or autumn (Table 6.1) and it was also high
lsn early Morning and afternoon and evening hours than midday (Fig.6.3). No significant
"sonal difference during different observation hours Were observed at alpine Of

timberl‘

in , :

ik ® Zone whereas in subalpine zone during late mOTRINE, day and evening hours
% foung ¢

(Table ¢ 2 spend more time in feeding during monsoon than summer or autumn
2),

70



of Royle’s pika (A=
racting, C= vigilance,
nest building by dry

i
e 6
fnra 2 Ph
Bing, o FOBTaphic
~ al s .
' D‘mus;n adult apg juVenl:‘l’p"esfntatmn of different behaviour
ile active in same location but not inte

) L=

Mg P ~ Auto groomi
ing by washing and seratching, G-H=

lastic)
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6.2). Royle’s pikas found to spend less (approx. 10 13%) time i
- 10- e in

urs (Table et S
hen food availability is high (Fig.6.4).

locofnotion W

35,000 o
32 500 =]

30.000

omotion {in %)

for loc

~

27.500 - |

Tine spent

251000 —

oY

22500

! T T T T
0.000 200.000 400.000 500.000 §00.000

Food availability ( no.of individual per sq m.)

Fi
4 dgul::;&“ The relationship of food availability and time spent in locomotion by
oyle’s pika during summer (W), monsoon () and autumn (O)

tt;l‘:\il}:;yi; pika.s 3‘186 found to have typical musing po.ints lil'ce other 1?ﬂ<a spec‘ies
Pointg Were ¢ .9) Wlﬂ% in one meters distance near to talu? 1nter.st1ces opening. Mucs;ng
0cks with g:i);cauy tip of a rock occasionally situated little %ngher than surrcf)unlmg
Mising Where escape cover from predators. All musing pomts.were Tlsed or long
Using uSuauaS short musing often found to occur outside of musing points too. I.,or;g
“one (Fig, ¢ ; observed only morning and late evening hours in all seasons and altitude
o D). Short musing were observed during late morning to late afternoon

Ouy 0
ily ang ¢ . :
found often in summer than monsoon or autum (Fig. 6.3)- Pikas found t0
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ore time in long musing during autumn (22.00-10.73%) specially in subalpine

nd : : :
spe 45 time spend for short musing was higher in summer (12.00-9.00%,Table

200 wher®

(). Significa™
. ,fternoon and evening hours at timberline and subalpine zone. The long musing

seasonal variation in long musing duration were observed during early

ity found to be decreased in monsoon than summer and again increased in autumn
ac

Jere s 1t showed gradual increasing trend from summer to autumn during afternoon
\

hours (Table 6.2). For short musing, significant seasonal variation was observed at alpine
sone only during late morning hours and the time spend in short musing decreased from

qummer f0 autumi.

Grooming: It was found to be a common behaviour among adult animals than juveniles.
Though grooming did not performed at specific place but it was often observed that pikas
perform grooming at musing points. Pikas found to lick their fur and scratch body by
hind paw (Fig. 6.2 E-F). They spend 3.78+0.36% time of their overall activity budget in
grooming behaviour. The amount of grooming behaviour is comparatively higher in
atumn (6.08-3.77%) than summer or monsoon (Table 6.1). Significant seasonal
difference were observed in early morning and evening hours in alpine, late morning

hours in timberline and afternoon hours in subalpine zone ( Table 6.2).

Vigilance: Pikas generally found to perform this behaviour while foraging, before
locomotion or musing (Fig. 6.2-C). Vigilance found to be consisted of 10.65+0.92% of

overall activity budget. Time spent for vigilance Was comparatively higher during midday

hours than early morning, afternoon or evening hours (Fig. 6.3)- Pikas found t0 it

Co ot
mparatively more time in vigilance in summer and monsoon than autumn (Table 1).

gnificant seasonal differences were observed in amount of vigilance at timberline ZO0®

duri i
"i0g late morning hours only (Table 6.2). Pikas always found to spent more 1t

Vigilange ; . i
nce in the habitat with less amount of rock cover (Fig.6-5)
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Figure 6.5 The relationship of amount of habitat rock cover and time spent in
vigilance by adult Royle’s pika during summer (m), monsoon (¢) and autumn (0)

Vocalization: Pikas occasionally found to call if found any unusual movement in
surounding environment. Calls were very weak, short and no variation was observed. No
se & S :

asonal variations were observed in time spent for yocalization at any altitude zone. It

“ontributed comparatively high in activity budget during summer (1.99-0.85%) than other
*easons (Table 6.2)

Behav; :
Vioural sequences analysis results were summarized 1 Table 6.3. The results

Showeq dyips o
during summer morning hours, foraging as well as vocalization Was followed by

a
0n whereas no prominent behavioural sequences were observed during y

ours, Dy :
- Dur : ollowed
Iing summer evening hours foraging, long musing and grooming were f

by |
0COMmAt:

o During monsoon majority of behavioural states were succeeded by
Jlowed by locomotion,

ing o o |
l 5 0T vocalization, while in some cases foraging was fo .
followed by vigilance-

OC()mo .
thn .
was followed by long musing, long musing Were
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" behavioural sequence results indicated that most behavioural states were either
Autd

succ"v"fded by

ed foraging Was followed by long musing or locomotion, long musing was followed
sho

foraging of Jocomotion. Though there are some observations which also

ooming and grooming was followed by vigilance.
by &F

salke 4dult pikas; juvepile pikas exhibit only six behavioural states. No juvenile pikas
ound 10 exhibit 1ong musing behaviour. Juvenile were first encountered in summer
between mid-May to early June. In lower altitude (subalpine) juveniles were encountered
carlier than higher altitude. They were half of the size of their adult counterpart with very
smooth light brown coat color, no mounting or scar marks. Majority of their summer
activity budget were consisted of movement (100-28%) followed by foraging (71-60%)
and vocalization (9-7%, Fig.3). During first two week all juveniles move at around the
purrows and gradually start to venture comparatively larger area. Often adult pikas were
found to govern juvenile pika activity during first two weeks. During monsoon juvenile
pikas were observed to spend more time in feeding (73-40%), than locomotion (40-26%).

Apart from these two behaviour, they also observed to become more vocal (15-2%) and

vigilant (25-5%) as well as spend time in maintenance behaviour like grooming (7-4%)

during monsoon.

Rare behaviours

Nest building: on 21%July 2009, one adult pika was observed to collect dry grass and
herbs as well as plastic wrapper which were windblown to the study site from nearby
‘ourist place at alpine observations site (Fig 6.2 G-H). It made seven trips within siX
Minute observation period. The distance travelled during each collection e
"Poximately seven meter. The pika maximizes e effort by collecting multiple
"mbers of grass or herbs during each collection trip. For each trip it follows same

pathway.

Imra .

~S M e T

Pecific interaction: Royle’s pikas were found to be asocial in nature. But during
erved. The first

Some
ObSer . .
vat : : . e bs
ation occasion two kind of intraspecific interaction were 0

\vas ch . .
aSing g ; . sharing same musing
Doy 8 2 juvenile or adult by another adult and second was &

Y ty e e
V0 adult) individuals. They were SItUng
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with each other (Fig 2-B). Though scar marks were observed
ed on the pika ears

ere generally results of aggression but very few such observation of
. lon of aggression

poarding pehaviour: Though pikas generally show distinct food hoarding behavi
ehaviour to

b rved during this study. During monsoon, in some habitat like mixed herb
erbaceous

neadow 0 timberline, Royle’s pikas gathered five to six leaf or flower twi
er twigs of

food but no such behaviour as well as evi
s evidence of older havpi
ypile was

herbaceous food plants in front of talus interstices opening and ate them aft d
erwards.
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llis test statistics for significant di sl
Kruskall Wa Stics Ior signilicant difference in time
Tab'le s'acti"i ty (in percentage) during different observation hours (only s:gp;iltlitcf:;

Observation Time spent (in percentage)

KW test statistics
hours Summer Monsoon

Autumn Chi |df P

No significant seasonal difference during any observation hours

e late morning  32.0+1.13  42.0#2.32 28324266 1251 2 0.002
s Day 32.56£1.07  51.582.63 31.73+134 1253 2 0.002
‘ Evening 44.6x1.37 46.0+2.4 18.63£1.56 929 2 0.01
A Early morning 15.08+2.21 17.01£2.50 29.91+2.06 937 2  0.01
Locomotion T Afternoon 29.7+1.13 2824133  13.05+0.09 639 2  0.04
S Day 10.06+0.07 33.46+1.03 46.95+133 624 2  0.04
A No sigtificant seasonal difference during any observation hours
g ¢ Early morning 31.34£1.1 1 25.67+1.15 36.32+2.01 638 2 0.05
sy Afternoon 2.54£1.12 26.2+£1.09 37.0£1.17 1148 2 0.01
S Early morning 25.5¢2.1 11.36+1.02 52.66+1.1 742 2 0.02
Evening 16.49+0.98 11.3£0.67 51.06+2.33 709 2 0.02
A Early morning _ 1.86+0.009  0.85+0.008 498001 636 2 004
Grooming Evening 4002030  3.0120.07 2038133 1618 2 0.001
T late morning 2.14+0.23 5.22+0.27 338+0.39 5.68 2 0.05
\\S Afternoon 6.66+0.44 0.24+0.01  1.92£0.19 5717 2 0.05
Shor A latemorming  2119£1.16 15194103 6312025 11 2 001
Musing T ‘
S No significant seasonal difference during any observation hours
Vigilance A No significant seasonal difference during any observation hours ,
T late morning  12.93%1.09 5 551,14 0.18£0.01 g14 2 O
S No significant seasonal diw
A
voca‘izatioll T ion hours

\N()Significant seasonal difference during any observat
S //
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f behavioural sequence i6
, 6.3 Summary 9 ) or transition (a .
fabl ¢ relationship of two behaviors [Beh]) occurrence of(se\II)::::(:::l;ga\!iI:)re]-
urs

succesSVC "o ores (The difference between observed
fner. Z- S€ he ¢ e rved and expected fre
toge™™ - occurred m 2 sequence divided by their standard devia(gt)e:)cig:(;wtz

havio .
2:; Jorstand the power of sequential dependence of two behaviours. Z-score between

.96 were considered as statistically significant

196 and +1 . N ’ gnificant hence not reported. (F=
foragings M=long muSits .L-—locomotlon, G= grooming, SM=shol:'t musi(n
Vg=Vigilance, VOC=v0callzat10n). g,
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W Monitoring Pre. Successive Beh.
hours Beh. F IM
L L G SM | VG | VOC
Summer | Morning F -10.5 | 8.61 2.18
LM -9.93 -7.04 203 | 28 | 234
L -7.92 -2.02 -2.33
G -2.01
SM -2.03 -3
VG
VOC -3.52 -2.34 2.53
Day F -2.64 443 | 44
LM -2.52
L 473 | 2.8
G -2.29
SM
VG -2.08
VOC I R
Evening F 774 | 5.18 AL I E—
LM | 6.38 -3.34 I
T W — 3.6 2.1 T
| T | 2.1
G 398 | | 4| L
Y — e [
vG | 388 | 27 | 20—
Dwe VOC I e e
Morning F 57 | 11.93 | 1.9 307 )| 2 |
21 | R o 36
LM -9.04 a2 | 34 | Rt L o
' /_————-—-"/ .2.04 odsl 2.53
64 4.24 . |
— = 26| e | |22
t\ G 3.7 \_/L.——————-—L""L"/




/7//7 SN 233
VG 4381 | 275 826
vOC 9.57
Day LI;VI 0 | 542505 67 | 93
L
G 4,04 =5 ;?
SM -5.8 :
6.45
VG | 255 151 7
VOC
Evening F -104 | 5.25 448
LM -8.59 -6.89 32
L -3.38 | -3.79 2.69
P 3.54
SM 208 | -2.16 | -321
VG 3.13 331
VOC
Autumn Morning F -12.2 9.9
LM -7.85 831 46
L 821 | -8.16
G 2095 | 3.03 3.93
SM
VG 324 | 279 | -2.77
VOC
Day F 15.06 | 3.86 257 | =53
LM -3.69
L 828 | 5.64 41 | 4
G 2.34 2.85
SM |
VG 1.98 -7.04
VOC R
Evening F -11.7 _1’2—5?—__’__ 404 | 591
IM | 717 EUEEER 4.3 _.:—%————-ﬂ
L 546 | 122 T__,,L“S,_.___/
; 428 | 4 L
SGM 323 T aes | | 138 —
— VG | 622 Sm S0 | |
. LN S
. [voc /L/L._._L————L——-L""
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(4 piscussio”

y is considered as 0ne of the most important factor which governs the variability

ctivit o
3 | condition among small mammals (McNab and Morrison 1963: Hart

of physioloBic

) Barlier research showed food, predation risk and weather condition such as

mperature were important factors which affects activity budget (Nakagawa 2000;
Chiarello 1993; Harrison 1985; Iwamoto and Dunbar 1983). Most of the pika species
generally avoid midday heat during summer. Some pika species, like Japanese pika (O.

hypel'bO"ea) is found to be active during early morning and late evening during most part
of the year, excepting the monsoons when it remains active throughout the day
(Broadbooks 1965; Kawamichi 1969). American pika (O. princeps) reported to be
inactive during early day time at lower altitude and remains active throughout the day at
higher altitude (Hall 1946; Smith 1974) whereas Collared pika (O. collaris) in Canada
remains active throughout the day. In winter large eared pika (O. macrotis) remains
active all day as it inhabits comparatively higher altitude than Royle’s pika (O. roylei)
which remains active only during dawn and dusk in winter in Nepal (Kawamichi 1971).
The results of present study also indicate that Royle’s pikas showed the tendency t0 avoid
the midday heat during summer. As the high temperature periods were comparatively
longer in lower altitude therefore, periods with low activity was also longer in lower
altitude (Subalpine) than its higher counterparts (alpine and timberline). High relative

humidity during monsoon probably nullify some impacts of high temperature and allow

Pias to remain comparatively more active than summer Vel during midday hours.

Phyei .
Ysological constraints are also considered as important determinans of the

distribys: : ; ,
tbutional limits of species and populations (Gaston and Spicer 1998; Chown and

o 3°C) body temperature
0 other small mammals who reside in talus areas due to a thick fur layer and the
Plesence of micro-org stion (MacArthur and
Wang 1973). E
Ochy
the

asto . .

anisms such as bacteria which aid in dige N
. : rican pikas
. arlier studies focused on behaviour and phy5101°gy of Ame P A
ONg 195 ) s 1 indicated that the
 rinceps), a similr talus dvwellng species ke ROV P 121

M0regyjas; NRTI PY
Sul : . : hysiological;
ation process in pikas are mainly behavioural rather than phy
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i bi nl |e]||[)eratures (255-29.40(:) a]ld .Ill'ellse S()la[‘ rad at on
' .] m am c i i

o 2ls0 D28 limited capability to prevent heat stress due to relatively constant hich bod
P G ouy

temperature (
.l 973). They effectively use their talus habitat for thermoregulation since the tal
alus

40.1°C), and a low upper leth
i ) pp al temperature (43.1°C, MacArthur and

an

abitat provides

et months (Beever et al. 2010). During this study, the Royle’s pikas also showed tak
€

a cool and moist refuge in summer months and insulation from cold i
in

grelter within their talus habitat during warm midday hours to avoid heat stress. Pikas
Jjso found 10 have comparatively less developed visual and motor system than auditory
system (Seki ef al. 1983). But the mid brain rubro-cerebellar system closely associated
yith extra-pyramidal motor functions found to be markedly well developed than other
lagomorphs (house rabbit) or 10 dents (rat) which allows them to remain active during low
day light hours and escapg from mid-day heat stress (dawn and dusk hours, Seki ef al,
1983).

No evidence of hoarding behaviour was observed in Royle’s pika during this current
St.“dY- Kawamichi 1968 also reported absence of typical hoarding behaviour in Royle’s
pika in Nepal. Pika habitats in Himalaya generally completely covered by snow only for
short period of times (especially in lower altitude) and often pikas do have access
Z:Si’o‘th':hijszs and.lichens dl?ring winter. Therefore, Royle’s pikas in the study area
i oaing bei’l ty.Plcal hoarding behaviour. American pika is especially. fam.ous for
e hee (e haVIOUI‘, but even they did not show strong hoarding behaviour in SOme
—_— j;i ilve access to vegetation during winter (Simpson 2909). After tl.le long
e g vauiren Zr’ shor{ growing period (summer and mMonsoon) 1s. the only time for
Uing — fa equate energy through feeding. However, high diurnal te.mperature

orces them to remain inactive for a significant amount of day light houts.

Nileg .
were also born in late summer and lactating females also spend more

Y10 raj
se the ; :
the juveniles. Therefore, during monsoon when herbaceous plant growth

a
nd availabilit

ly re

s
fro ults gradual incr : s .
I increase in foraging time from summer to mo

Y were highest, pikas spend highest time in foraging behaviour which

nsoon and decrease

OI]SQ

Oon

Sh to a . ) . .

Oweq utumn. Earlier research in burrowing pikas such as p

high o .
activity during pre-breading seasons (Yin et al. 2006) where as our study
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oyle’s pikas which is 2.1 ta.hfs dwelling pika, were more active dyr:

eason when food availability was highest. Earlier research (S u.rmg post
o 1980) also indicates animals tend to spend more in foraging than Othem:h 1?77;
2 fo0d qvailability is high. Therefore, increased time allocation for energyrc:havu.)ur
- jike foraging during monsoon possibly also reduced the time budget ;S:Lr::g
seaviour like long musing or grooming. .
puring UfUmD majority of herbaceous plant were under go senescence. Thus, pikas
spend more time in locomotion to access larger area to forage. Low food availabili,t; also
might increase time budget for other behaviour like long musing or grooming
Kawamichi (1969) reported that pikas wash and scratched their body to get rid 0%
parasites. High post monsoon parasitic load and access larger area to forage during
autumn probably made pikas more susceptible to ecto-parasite infection. Therefore, pikas
probably spend more time in grooming to clean their hair form dirt and parasites during

autumn than summer or monsoon.

j;:ge:;e::ztl f;::i;zgde; pikas venture out from their nest with in the talus and return
- . earson 1979; Roach et al 2001). Therefore, predation risk is
Jhce fi::g:l-: (Z{S: iSSOCIa:[ed with each foraging bout for pikas as well as other central
Collred pikes) Sheovsv 1d980; (.Dhase 1998). Earlier studies in other talus dwelling pikas
forage Within close : .t%lat in the absence of effective talus escape cover, they tend to
Wailable iy g1 en :fllty of the rock talus even thoug.h high nutritive plants Were
201) reporteq similarplr:: mea(.iow.s (Holme‘as 1991; Morrison ef al. 2004). Roach (ft al.
the opep meadows £ ; ‘Seljvatlon in American pikas where they venture .out far in to
Showeq g talus roclr Olag_mg Orfly when the talus is well connected. This study also
n“edium sized (i ;S provides pikas escape cover from small (Himalayan weasel) and
lime i Viglance ; alayan yellow throated marten and red fox). Thus, pikas spend more
n all season at the study plot which has Jess rock cover.

€

\ nform 3 s N . 1
ey ation (vocalization) often considered as an important way 10

haviour among pikas.

Sllrrol s

an lndm - . . . 2

oyg ¢ g environment. Vocalization 18 prominent be
all, diestrous

Pe of v
0 1 L
calizations were reported for Japanese pikas (Oestrous ¢
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e call winter call; Kawamichi 1971) as well as American pika (short and 1
ong

- and Whitworth 1985) which were related to different other behaviour such
qursing, aggression. Pikas ability to scan its habitat frequently as well as

Jlent €502P cover provided by its talus habitat might reduce the effectiveness of
exC . . .

calization in many 0CCASIONS: Ivins and smith 1983 reported that pika’s respond
V0

gifferently ©© various predators. They called less frequently in response to a weasel which
]

is comparatively
fhem 10 reduce individual predation risk and also indicate that pikas are less depend on

more effective predator than marten. This asymmetric behaviour help

wcalization. Gimilar to other small mammals, pikas probably use contextual information
collected from @ Jimited number of signals for communication with other individuals as
well as escape from predators (Conner 1982). Thus, in spite of weak vocalization,
Royle’s pika can effectively communicate with others as well as reduce predation risk.
As pikas spend least amount of time in vocalization therefore, there was no seasonal
variation observed. But surprisingly behavioural sequence results suggested vocalization

ws closely associated with other behaviours.

Royle’s pika raised their juveniles in summer though typical maternal care system
reported to be absent in similar talus dwelling pikas like American pika (Whitworth
1984) and most of the small carnivores like Himalayan weasel, Himalayan yellow
lrozted marten were encountered in high rate at pika habitats during summer months
oly (Adhikari et 2011). Therefore, pikas spend more time in vigilance and
"ealization was more frequent during summer than monsoon or autumn. During summer
 adult female lactates, thus, juvenile pikas spend more time in locomotion than energy
me two

2quirj : o
g behaviour like feeding. While during monsoon juvenile pika beco

Month 0 ) . .
i 'd, more experienced with their habitat, therefore spend more tme in foraging
an locomOtion

10 .
R S the Ili pi iliensis) 1 i as ex erienced recent and drastic
letry pika (O. iliensis) in China has €XP

c

1] 3 0 lobal
l0ng, Putatively due to increased temperature, pos31b1y due to g
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(L and Smith 2005). The Himalayan region also reported to be high]

o global warming (Singh and Bengtsson 2004). But absence of sciexiiﬁ};
pasic ecological information about important prey species such as
s that play significant ecological role in alpine ecosystem; it is difficult to make
plkaictions Jbout how they will respond to future climate change in Himalaya. The
oot study uncovers basic information about seasonal time-activity budget of Rc.>y1e’s
e in different altitude which can be used as baseline information for future long term
ke research specially focused on behavioural ecology and energy budget to understand

effects f climate change in alpine Himalaya.
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. . Chapter 7
Influence of microclimate on activity of Royle’s pika

11 lntroduction

o  feraction of an organism with its environment is often considered as a key to
stand species traits (Parmesan and Yohe 2003). Species adapted to cold regions

uﬂde .
figh altitude of high Jatitude) experience marked seasonality due to short growing period

(folr vegetation as well as long winter with thick snow cover. Therefore, species existence
nd distribution in mountain ecosystem have long known to be strongly influenced by
ambient temperature and precipitation (Grinnell 1917; Heatwole and Taylor 1987
Ko'mer 2007). Hewitt (2000) showed that animals adapted to cold in alpine and arctic
ewvironment experienced range expansion as well as high gene flow during last glacial
periods. Hence, change in climatic regime (increased temperature and change in
precipitation) might result, in high niche conservatism (Holt 2003; Wiens and Graham
2005) which can create greater threat to these highly sensitive species than they faced in
pst climate cooling (Sala et al. 2000). The cold adapted alpine species have already been
identified more vulnerable to climate change compared to the tropical or temperate
species and alpine habitats are much more sensitive to global warming as the warming
may occur more rapidly at high altitudes (Nafiz ef al. 2002; Moritz et al. 2008).
However, species specific responses to climate change have not been documented from
"ot of the alpine areas. Hence, detailed quantitative baseline ecological studies are
"eded to understand the direct and indirect effects of climate change on alpine species.

Several small mammals have shown range fluctuations regionally as well as

Sobally i, .. :
¥ I response to climate fluctuation during late quaternary (Beever ef al. 2003;

l‘ays 5
On et ¢ 2006). In 15a1“ticular, high altitude small mammals have contracted their

ranges 0 .
While ' ; Moritz et al.
2 low elevation species have extended their Tanges upwards (

008) A
o i : i 03) suggests that
aiq gy, Y on the ecology of American pika Q. princeps (Beever 2003) sugg

aNnges 1 -
OF thig S 58 In climate during later part of 20th century has resu
Pecies £ .
QXtra()rdin from many parts of western United States. The

lted in local extinction
American pika is an

) i climate
! “Xample of how a species distribution can be altered drastically by
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alonev

where other factors like hunting is negligible (Lyons 2003). Their 1
. ow
ange poundary was found to move upslope with rate of 145m per decade at

Jang®

le\vation . ]
"‘G  basin n United States (Beever 2011). It has been hypothesized that many mountain
(e

i Jill migrate towards ?ﬁgher altitude in the event of increased ambient
tempefatures due to global warming (Walther et al. 2002). However, some species such
s talus dwelling pikas (Ochotona spp.) are confined to small pockets of talus habitat
throughout their life-span and have limited capability to migrate long distances (Smith
and Weston 1990; Peacock 1997). Moreover, pikas are already confined to the higher
levations that limit their chances to disperse at higher slopes and shifts in range.
pikas are reported‘ to be an important keystone species in alpine —subalpine
ecosystem, Prey base for several endangered carnivores and strongly influence plant
community composition (Bagchi et al. 2006; Smith et al. 1999). Pikas do not hibernate in
winter, so they are sole winter food source for several endangered high altitude
amivores. Pikas are very much prone to heat stroke as they are densely fur coated, has
high normal body temperature and relatively low lethal maximum body temperature, thus
cannot dissipate heat easily (MacAurthur and Wang 1973, 1974; Smith 1974). Hence,
they are easily affected by climatic fluctuation as compared to larger mammals (Adolph
1947). Extirpation of pikas due to climate change may collapse entire food web.
Although Himalaya is home for seven different pika species (Smith et al. 1990), only few
short term studies have been conducted on them so far Kawamichi 1968, 1971). Hence,
Sudies on various aspect of pika ecology and dependence on are urgently required. The
:LZS:egion of Himalaya is extremely vulnerable t0 global warming (Singh and
‘empera(t): 2904)- It has been observed that during last tWO decadc.as seasonal mean
‘ 'e in western Himalaya has increased by ~2°C whereas maximurm temperature
h:;ilt::e:jzd by ~2.8°C (Shekhar et al. 2010). This implies that several habitats, micrc'>—
dependent native flora and fauna might be affected. However, W

ecolOgic . .
A information it is difficult to assess the possible impect of climate change oF

Aive gp:
aNlmals ;
als in the Himalayan region.

Fias ar i i i d Weston
%0 % are central-place foragers and generally philopatric (Smith an

) High 4 Jttern and high
sensilivit

\ . ciecion probabilty, accessible habita: simple moverent P
tow . . . .
ards climatic variation which determines pika survival

and its sub-surface
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pabi :
, n animals (MacAurthur and Wa
micrOChmate 0 ng 1973, 1974; Smity 1974). A study by

pay o (in press) also shows that the persistence of American, pika is aff
IS affected by

ika an excellen i
rat USag® makes P ! species to carry out studies on inflyep f
Ces of habitat

micro-dimatic condition as well as availability of proper habitat at higher elevati
€vation

yich can act as climatic refuge. Thus, studies on species —
W

. environment interaction haye

becomme significant tool for conservation biology and gaining high importance in
i derstandi“g the impact of global climate change on an ecosystem (Elith and Leathwick
2009)- Understanding the micro-habitat condition can help us identify the probable
(esponNSe of species to change in temperature or precipitation regime or factors altering
(he bioclimatic niche of the species (Beaver ef al. 2011). This approach is especially
useful when baseline data or historical data, essential for change detection is completely
absent for a species which is highly vulnerable to climate change.

Royle’s pika (Ochotona roylei), selected for the study, is distributed in the
Himalayan region from north-west Pakistan to India, Nepal and adjacent Tibetan plateau
(Hoffmann and Smith 2005), and highly adapted to sub-alpine and alpine habitats in
Himalaya .In western Himalaya, Royle’s pika occurs mostly in open rocky grounds and
Rhododendron forests fro.m 2500m a.s.l. up to 5000m a.s.](Tak and Lamba 1985).
Studies on Royle’s pika are scanty (Kawamichi 1968, 1969, 1971; Bhattacharyya ef al
2009). Some preliminary study on the distribution pattern, winter behaviour and social

Organization of O. macrotis and O. roylei , have been conducted by Kawamichi (1968,

1971) at Khumbu region in Nepal. All earlier studies have been conducted for a very

1 oy S joural
short period and influence of microclimatic conditions Of Royle’s pika behavio

I€Spo
Ponse has not been documented so far.

. ) . le’s pika
Major objective of the study was to describe daily activity pattern of Royle’s P

heir activity patterns. Pikas

at diffar _
ifferent altitudes and examine how these factors affect t -
imatic variations, especiatly

show - o
behavioural thermoregulation to cope up with micro-cl . o
i. Royle’s pika activity

temper ! .
rat Perature (Smith 1974), thus prior ecological hypothesis Were:

Cw . s :
ould be principally influenced by habitat microclimate

Moj W ~
tefy isture i, The talus habitat will be thermally favour

89

VD

\T




’f

72Methodology

121 Behavioural observation and microclimate dat
a collection

This study was conducted for four year (May —August i
June.July 2011) on monthly basis. The study area w: j.()(')g’ 2009; May-June 2010
Z01ES: sub-alpin€ (2900-3150m), timberline (3200-3350m wided into three altitudina’l
each atitudinal zone, two 50%50 m’ permanent plots i,and alp‘ine (3350-3680m). In
activity of Royle’s pika and the microclimatic features o fetr; delll.leated to record the
study plot was Jocated at a minimum distance of 100 m ﬁome' habl‘tat. Each permanent
similzar aspect and slope. This distance was greater than the meI:S Illlelghbouring plot have
§3m’) o'f the species (Kaw'amichi 1968), to avoid overlap of inl;- (.)me range radius (82-
plots. Pikas were observed by a 10x 40 mm Nikon binocular f 1V1d.uals from adjoining
zimck from. whef'e er.ltire study plot is visible. Individual anilnalzrj,:leg ;;’:Il;ag; point on
wzaz ch)ll.ﬂtmg sign in body and scar marks in ear. The activity pattern of 11: ba?ed .0 ’
imeri:l :;tln-j;gh direct observation from 0600hrs to 1900hrs categorised oz):z IsloI:rl;;
S, there 1vi

proportion of indi\t:i};lug;;/ Hjt:/;oialf:ela?;i:rou;es:npir : bseria tio-n.se,S,Sion 2 . T
percentage of individuals observed i ; oe- .aS V) .was indexed 29

ed in an interval relative to the maximum number of

individuals si
ight .
ghted on that particular day in that plot. The habitat microclimatic

Parameters rec d
ord 1 i
ed during this study were pika burrow soil temperature and humidity,

habitat soj
SOll tem era » o g
perature and humidity and atmospheric temperature. The atmospheric

temperaty
re was r .
recorded by automatic HOBO data loggers ™ Data loggers Were

ced in secure

Progray
recor . ; :
ord temperature reading every ten minutes, and were pla

ay from dir :
m direct sunlight. Temperature data was downloaded and analysed t0 yield

hour]
y
evices f talus slopes Of lide rocks in natural
orme |
d between the rocks. Burrow temperature and humidity of
San Diego; California,

Were I
ecorded yiqi
U .
1sing a soil thermometer (Reotemp Inst. Crop:

and hyer
by ygrometer (Huger, Germany), by placing them about 80-10
and humidity were

Uring
eacl N . 2 . s :
1 observation interval. Similarly, 01

dverage
ge temperature. Pika burrows are on the
pika burrows

Ocm within the
| temperature

S
ured at a rando . o it
m open ground location within the site.
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2 Data analyss

tudent-Newman—Keuls test was used to detect sjon: .
¢ hoe S ignificant difference i aotiv:
In activity

o quring different time intervals. The multi-colinearity present among diff;
: : . 1ierent
el temperature, soil .
. limatic variables  (air » soil temperature
microch M open area, burrow

mperatures purrow humidity and ambient humidity) was examined through Pe
arson’s

onelation in SPSS 16 (SPSS Inc. 1989-2007). Temperature related variables were
correlated with one another (1>0.4) and humidity related variables were correlated with
one another. Therefore, generalised linear regression was used to model activity (binary
(eSpONSE: the number of individual active versus inactive) as a function of predictor
variables (temperature related: ambient temperature, burrow temperature, open area soil
temperature; humidity related: ambient humidity, burrow humidity) in an information-
theoretic (I-T) framework. Relative support for each model and each predictor was
compared (AIC, Burnham and Anderson 2002) and most important temperature and
humidity related variable ( ambient temperature and humidity, see results below) were
used in further analysis to predict their relationship with pika activity. The diurnal
ambient temperature and humidity might be influenced by altitude zone as well as time of
the day. Therefore, ambient temperature was first regressed with altitude zone and the un-
standardised residuals were saved. Furthermore, these un-standardised residuals were
tegressed against time of the day to get residuals of ambient temperature which was

teither influenced by altitude zone nor time. Same procedure Was followed for ambient
humidity.

1 . s g5t ive versus
Pika activity was (binary response) modelled as the number of individual actt -
Nactive s ) ient humidity
factive with logical alternate combinations of ambient temperature, am? db
"esidual v ka observation Were separated by

alues, altitude zone, time group. Although P

Gifferen o nesting of
eNt site ag well as time interval for independence of ob

servations, the

dependence which would

o (Zar 1999). To 1ok

pika . . :
Observation within site might lead to a different kind of
' techniqV

Violate

ass ; : ion

g Umptions related to independence of regres> nd binomial errors)
S hre

Problem, generalized linear mixed effect models (

€ useq v: - as slope-
®d with different site as random intercept and yeat 25 $°F
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- patural grou ing of o .
et the grouping bservations and would a]
S0 explicitly g
Y accounteq
for

. +:ons in the od -
qndom yariation ds of activity between sites ag 1
well as ye
ar that mi .
ght arise

intra-site 07 year correlations, with
from . other factors remainip
2009)- Following Zuur et al. (2009), candidate model g constant (Zuur ef ¢
: ) . odels wi ; .
: nd Max ikeli ere des
approxunation a . imum Likelihood parameter estimation ysi 1gned by Laplace
imed package in program R (The R Foundation f using Imer function of
: or ot

http;//www.rprOJect.org/). Each candidate model was formul Statistical Computing

. , mulat ’
predictor variables. It was predicted that pika activity rat ed based on one or more

N ) _ rate would be- i. i
additive as well as interactive effect of ambient temperature and h bf? .1. mfluenced by
on interactive as well as additive effects of altitude zone, tim “mfldlty and ii. depend

) . i , time of the da ‘
emperature and humidity. In total, seven models for pika activity and mi y , ambient
i ) _ microclimat
compared for support of various hypotheses including a null (intercept-only) e were
[nformati : pt-only) model.
wformation theoretic approach (AIC) were used for selection of the best fit
(lowest AIC), and obtained final parameter esti - mocel
o4 Paired er estimates by Restricted Maximum Likelihood
. ra .
| ired t test was used to examine if the microclimatic conditions (ambient
emperature and humidit ithin bi .
y) within pika burrows were significantly different from the

outside envir : :
ironment during midday hours. This would help us to understand if burrows

act as thermal refuge for pikas or not.
1.3 Results

(2900m) and

bI‘Oken Sl
0 . .
pe (3150m) with big as well as medium <ized rocks. The pika habitat in the
and embedded

In the sub-alp;
- 1 P .
alpine zone the pika habitat included forest g2p with big rocks

timberline

rocks int zone was found in broken slope (3280m) with rolling boulders
€ .
rspersed with mixed herbaceous meadows (3300m). The pika habitat in the

ing medium sized roc
nge of maximum
0-2 individuals, showing that
each observation

Apine
0ne w .
as mostly confined to the areas hav ks found in the

broken
slo
Pes (3444m) and rubble walls (3520m)- The 2

etected W
1n an L

Y site over year across all visits of a year was
observed during

ze of that plot.

individuals

our
aSSum .
ption :
of maximum number of individual

Ons ¢
an be '
ar . n si
a reasonable surrogate of population si
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|
|

Ryl P | Jone (Fig.7.1). The
different altltudlrla11 zone (Fig.7.1) post hoc ANOVA test detected three groups viz

 day and evening, of activity based on time (Table 7.1). Maximum acti
, . activity was

.+a showed @ bimodal activity pattern durip
p]ka S g a total 936 hrs of obs ;
€rvation in

observed i early morning and evening while activity pattern dipped to its lowest during
. midday time. The year 2009 was the warmest and driest during the whole study
i 4, During May- June 2009, pika activity completely ceased from 1200 to 1400hrs in
Jpine 207 and from 1100hrs to 1400hrs in the sub-alpine zone, However, in timberline
one the activity was lower but did not stop altogether. No such complete cessation of
aotivity was recorded during 2008, 2010, and 2011. Pika activity was highest at
Timberline zone during morning (73.73+ 2.61%) and evening (80.00+ 2.46%) whereas it
was highest (34.98% 2.04%) during day at alpine zone. Low pika activity was recorded at
subalpine during all time groups and lowest activity was observed during midday (19.22+

1.69%).
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Summary statistics of P
qable 72 7. .7, ost hoc St
, activity ra i 10¢ Student-Newn
dlffelre{lc:dminto tirtnye clt:s during different tixtnl:ewman'Ke“lS te
recla.sSl.l e oach oth NES which have simj group. The ﬁSt f‘fl‘ significant
uity Wi each other. This way three timen:llar activity rat me interval wq
classes e and als S
0 with

ontlg
; were obtaj
— ‘ Reclassi el
()bservation Hours . assified Activity rat
Time group : € subset for alpha = 0,05
1200-1300 | 5 3 '
A1+ 3
1300-1400 . 2.26
34 +2.29
1100-1200 1100-1600hrs 2827+
1400-1500 28' 2.86
9
1500-1600 " ERA
94
7700-0800 * 208
1000-1100 41.70+3.89
0600- 435+
600-0700 0600-1100hrs 311
0900-1000 44.15+3.70
_0800-0900 46.90 +2.84
1700-1800 48.77+3.56
1600-1 51.06 %3,
700 1600-1900hrs ®
1800-1900 57,31+ 2,61
39.90 +3.83

The microcli
oclimatic iti :
condition of pika habitat suggested that pika burrows were generally

moist th .

an the outer environment (Fig. 7.2)- During warm midday hours when
found to be significantly cooler
40+0.14°C; paired t test:

62.62 * 0.08 %,ambient

OutSide envi
nviro
(burrow teny nment was hot and dry, pika burrows Wete
perature: 10.0 + 0.01 °C, ambient temperature:12

t=
, df=35
9, p<0.001 ) and moist (burtoW humidity:
359, p<0‘01)'

ika burrows were found t0

oC, ambient: 732 £

humidiy -

mOmingy . 668:38:00.96 %: paired t test: t = 3114
hrs) and late evening (1800-1900 hrs) P

rrow: 8.9 £ 0.25

urs

001) than outside

® Signify
ca
02700 pahnt;y warmer (Early morning hours- bu
b] 'e
0'20°C, amb; ttest-t= 12.12, df =143, p<0.001; Jate evening ho
. lent:
“MWitonmep 8.40 + 0.21°C, paired t tesh .39, dE=T3, PO

- burrow: 0.66 £
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2 . |
Royle’s pika habitat microclimatic parameters in
p
wildlife Sanctuary

and .
me j .
ntervals (ambient temperature ==—— burrow

Ambjep¢ humidity = i "
B ) at Tungnath region of Kedarnat

Urin
g May to August (2008-2011)

Mbieng
temper
perature and humidity received more support @

Well o
§ oth :
er temperature related variables (burrow soil t€
pumidity) t0

tem
Peratyy
e) o e W
) and humidity related variable (burro
¢ and humid

ofact' .
nd microclimate. Therefore, ambient temperaty
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ef analysis 10 identify how pia activity was governed by direct

: : . oad . ok o § .
quence of habitat microclimatic conditions as well as altityde and time of I' Interactive
" € of day,

. best candidate model £0 explain relationship of pika activity and habitar
itat micro

T
more support than the null model (A AIC

(Jimate received . = 1263.83) and no other mode]
cived gimilar support (all A AIC values were greater than 2, Table 71.2). The standard
Jeviation of random effects of site was negligible (SD=10"3), but standard deviation for
e 40IOSS site was large (Year 2009, Std. Dev. = 0.034; Year 2010, Std. Dev. = 0.052;
year 2011, Std. Dev. = 0.076). This implies that much of the variation in activity were
qandom variation between site year combination. In the best model, proportion of pika
activity was found to be governed by additive effects of ambient humidity, time of day
and interactive effects of ambient air temperature and altitude zone. The best fit model’s
p-coefficients estimates suggest a negative influence of ambient temperature (p = -0.143
£ (.01, p<0.001, means SE) and a positive influence of ambient humidity (p =0.017 £
0.001, p<0.001, mean+ SE) on pika activity (Table 7.3). It also suggests pika activity was
significantly low in subalpine zone (B = L0.433 + 0.08, p<0.001, meant SE) in
comparison to alpine zone. The pika activity was significantly low (B = -1.48 £ 0.074,

p<0.001, meant SE) during day time hours than early morning or evening hours. The

interactive influence of ambient temperature and altitude zone suggests if ambient

temperature increases then the pika activity will significantly reduce (B = -0.069 % 0.02,

i best
p<0.05) in subalpine zone than alpine or timberline zone. The random effect of the b€

fit candidate model indicates all different sites have very 1% influence.
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72 Relative support to various candidate models explaining cop eti
fab ., about factors affecting activity of Royle’s pika using inforl’ ltng ecological
mation theoretic

e Log-likeli
) ;pimum AIC). Log-likelihood (L),

de
. (m grees of
i OF freedom (df), Akaike's

. +orion (AIC), difference in Akaike's i ion crt

informat,on crite o ) ¢'s information criterign (A AIC) were
reportedf r each MOCE

Model (predictor) 2Log(L) df  AIC  AAlC
W ambient humidity+ time 63839 19 131479 g
ymbient temp.+ ambient humidity+ altitude +
fime 64346 17 132094 6.4
Ambient temp.*ambient humildity+ time -645.4 16 132281 8.01
\mbient ermp. 9659 12 195581 641.01
Ambient humidity -1239.3 12 2502.52 1187.72
Null model -1278.3 11 2578.62 1263.83

Table 7.3 Estimated influence of parameters (Intercept, ambient temperature, ambient
humidity, altitude zone, time group) on pika activity estimated by the best fit linear

mixed effect model (minimum Akaike information criterion).

e |
p
Parameter Beta = SE Zvalue value
lntercept . 0.891320-067 13.84 0.001
: o042 0.001
"mbien temperature 0.1430.017 ot ol
Ambie¢ humidity 0.017£0.001 8699 00
Timbey o052 0998
Ine .0.004:0.083
Sbalpine zzone 00 4330.08 saoh 000
Midday - 00t 193 0.001
b P 148 o et 067
ng t 3 o
by * e group 057 y 1193 0.232
lent 23+0.02 o
temperature* timberline zone 0033 2.61 0.001

mbient +0 026
Wubalpine zone D067
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14 DiscuSSion

Activity is considered to be the most significant factor which contributes to the variabilit

of Ph)/siological states especially to body temperature among small mammals (Mcl\llai
4 Morrison 1963; Hart 1971). All pika population generally avoid midday heat during
et American pika (O. princeps) becomes inactive during early day time at lower
Jltitude and remains active throughout the day at higher altitude (Hall 1946; Smith 1974).
Collared pika (O. collaris) in Canada remains active throughout the day whereas
Japanese pika (O. hyperborea ) is found to be active during early morning and late
evening during most part of the year, excepting the monsoons when it remains active
throughout the day (Broadbooks 1965; Kawamichi 1969). In winter large eared pika (O.
macrolis) remains active all day as it inhabits comparatively higher altitude than Royle’s
pika (O. roylei) which i'emain active only during dawn and dusk in winter in Nepal

(Kawamichi 1971).

Inthe present study, daily activity pattern of Royle’s pika suggests the tendency to avoid
the day time warm temperature, being highly active during early morning and late
evening hours. Increase in activity was observed with increase in altitude .This

observation supports the fact that, like other talus dwelling pikas (American pika),

thermoregulation by Royle’s pika might be behavioural rather than physiological. When

- i ivity more in
Stressed under high temperature they seem to be restricting their diurnal activity

jve impact
ower alttude (Smith 1974). The best it regression model also shows the negative 1mp

of 5 g ’
emperature and positive impact of humidity on Royle's P

inferreq fro atur
m the i i refer low temper .
observation that pikas p o it cologice hypothesis

ntrol the behaviour

ika activity rate. It can be

e, but at times they can be

actiye 3 . ;
© if the humidity is higher. This observation supports ¢
nents which €0

that .
Predict tem idi °
. a ke Comp
perature and humidity as Yy altitudes.

Ofpi : other
Pkas anq ;g impact is stronger at lower altitude than that of

ging (Smith and Ivins 1983). The

ne is Signiﬁcam

Pikag
*Pend 25-55%, of their surface activity 1 fora

reSults .
show that the daytime activity in subalpine Z0
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tivity (b
e The low activity ( elow 40%) hours was also found 1 ,
0 b€ com ;
paratively o
ng (five

yours) subalpine than alpine (two hours). Our res
ity due +o increase in ambient temperature was si 111? also show that reductiop ;
pabitat (subalpine) than higher altitude (alpine). Thus gR1 1Cal,ltly higher in lovier altituclin
otivity &t different altitude due to variation in ambi;ntoyle s pika shows differencei;
ot poard winter hay pile (Kawamichi 1968). Hence alﬁe‘temperature. Royle’s pika does
qummer-monsoon is the only time for them to acq:xire r the long scarce severe winter,
However, high diurnal temperature might force them froper e?nergy through feeding.
amount of day light hours. Hence, pikas might get less opo :;unim less active for large
temperature might also force pikas to restrict their activitf' in d;;y t:l feed. High midday
. Hence, become more

active in twilight hours which mi
ight lead to an inc
reased predation ri
sk.

Zﬁi::t tyi’els of physiological constraints can be important determinant

but . .

-~ Z(z)r(l)e; ).12;:6::1 1Spe?{es and populations (Gaston and Spicer 1998; CITO\:: :1:

than other small mamrzalpl a:l have. a <.:ompaIatively higher (2-3°C) body temperature

eence of micro-oreant s who reside in talus areas, due to a thick fur layer and the

Wang 1973). Earlier iu C1ls.ms such as bacteria which aid in digestion (MacArthur and

has similar ecological re 1e.s on the tfehaviour and physiology of American pika which
quirements like Royle’s pika, showed that they become hyper-

die -
at even a brief exposure to medium ambient temperatures (25.5-29.4°C)
73, 1974, Smith 1974). They have 2

(40.1°C), and a low upper lethal

heat stress

and inte -
e 1nse: solar radiation (MacArthur and Wang 19
e
y constant high body core temperature

temperat
ure (43.1° .
(43.1°C), which reflects in their poor capability t0 prevent

(Mac Al
thur a
nd Wang 1973). Grinnel (1917) also suggested that temperature acts as a
found to be

key £
1€ of prim ich governs American pika distribution. Temper
ar - .
ry environmental factors which govert juvenile pika dispersal (Smith 1974)
nd distribution

and g
St plausi :
sible predictors for most of the American pika extirpation &

thap
8¢ my Wi 2
Odel( ilkening et. al. 011).

ature 1S also

Thig

Stlldy . . .

& also supports the facts that like other talus dwelling pikas, Royle’s pika
fically ambient

tiVit ;

y

S also infly - o conditions spect
lenced by habitat microclimatic conditt
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erature: american pika uses the talus for thermoregylatiop since th

es 2 cool and moist refuge in summer months ang insulation ﬁome talu's, haF)itat
onths (Beever et al. 2010). Our observation of Royle’s ke burmwSc:id in ».vmte.r
i dition supports Our second hypothesis which predicts pika burrows as ther::mz?m
Results indicate that pika’s burrow microclimate is significantly cooler and stab;: tfa:
he outer environment, especially during midday. Hence, pikas redyce their surface
activity and remain in their burrows duting warmest time of the day to avoid heat stress,
Besides direct effects of warm temperature, there may be several ecological processes
quch as diseases which can spread rapidly in warmer temperature in an already heat
gtressed susceptible pika population. Pikas serve as host for several parasites some of
which may be vector for various diseases (Severaid 1955). It has been reported that Ili
pika (Ochotona iliensis) populations are closely linked with Sylvatic plague, a flea-
vectored bacterial disease endemic to Asia and possibly causes dramatic population
decline (Biggins and Kosoy 2001; Li and Smith 2005). Mechanism through which
dimate stress acts need to studied properly in order to understand how and why biotas are
affected by climate change as well as for a wider application in information, monitoring,
management and conservation strategies (Hallett et al. 2004; Ray et al. in press). An
understanding of factors influencing Royle’s pika activity is @ prerequisite for evaluating
the long-term viability of tl'le species in Himalaya. If climate in the lower altitude become
imhospitable due to change in climatic regime for Royle's pikas, they are likely to mOY®

Upslope like other alpine mammalian species (Guralnick 2007)- Though this upsiope

ange shift might help them to cope Wwith warming climate, but it may not Improve

duce resilience capacity of

“omnectivity between habitats which in the long run will re
ulé 1986;

e change (Gilpin and S0

ik . . .
Pk population towards any threat including imat |
«tinction of the species.

S .
ekercioglu ef 1. 2008) and finally could lead to local
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p.

o Introduction

The dyrlamics and con’.lp1€Xity of forage quality, accessibility and abundance ;

- selection i herbivores (Stephens and Krebs 1986; McNaughton andeBmﬂu.ence
1095)- Herbivores have evolved to forage on a particular phenophase of select fo:;lylllﬂiva
that meets their nutritional requirements (Belovsky 1978; Robbins 1983; Stephenz E::;
Krebs 19803 Belovsky and Schmitz 1991). Moore and Foley (2005) stated that an
ndividual selects its forage from a complex nutritional environment. Thus, it is desirable
o know how herbivores evaluate and select their forage based on nutritional
characteristics, given plant chemical and physical defense mechanisms (Robbins 1983).
During 1960°s, the theory of optimal foraging emphasized that the food selection is
governed by the energy value per unit cost which is often considered as the time and
Gistance travelled to obtain the diet. But during 1970’s, nutrient balancing and
minimization of toxic materials in food plants obtained more attention (Westoby 1974;
Pulliam 1975). In general, foraging theory indicates the tendency of herbivores to
maximize foraging efficiency by consuming highly nutritive forage or by avoidance of
toxins or indigestible materials (Stephens and Krebs 1986). Nevertheless, mechanisin
y remains a key are of

thr : . ) .
ough which a herbivore maximizes its foraging efficienc

" ) ..
search in nutritional ecolo gy.

Nutriti |
fitonal ecology involves study of organic (€& fiber, carbohydrates, nitrogen OF
) as well as mineral (e.g. caleium phosphorus; potassiurth sodium, magnesium)
nts of yarious tissue

animals

\ - Macro-minerals form important structural compon®
ones, ric potential n

0 | i herbivore
“Dowell 1992; NRC 2001). Ligin and fibe &l P mporant 0

foo -
dselection (Calvert 1985).

maintain acid-base balance and membrane elect

P ovide an excellent

P .
kk jtudes, Pr

()pp

s A :
ort Small lagomoph and generalist foraget at high 2
ane
Mty to study food selection. The influence of var

ious intrinsic

Preg;
1Ct0rs P . .
of forage selection has been well studied 1
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C Omparat

sia (VIS and Zwickel 1972; Smith 1974; Dearing 1996,
: ] d Hi : > Morris
il 2006; Morrison an Hik 2008). Pikas generally forage on Zn et al. 2004; Gliwicy
standing vegetati

e 81U pabitat. Most pikas actively forage during early symm
er and start to co]
lect and

wely fewer studies have documented these behayi,
urs in talys ¢
Welling s
pikas of

joard food plants during late summer in hay piles for winter con
, o sumpti .
The hay piles play crucial role in winter survival and maintainj fmptlon (Dearing 1997),
. . ing fecundity i
(Huntl)’ of al. 1986; Morrison 2007). Unlike other talus dwell; cllllzldlty In early spring
ing pikas, Himalayan pi
2 yan pika

species have not been studied in terms of food selection and ecol
ology (Kawamichi 19
68,

o71). For the present study, Royle’s pika, a widely distributed species in th
. ' in the
Himalaya, was selected to understand how this generalist forager selects its food o
P . " . . 0 -
 highly seasonal environment. This is a relatively easy species to obs 011 o
) . erve, allowi
the study of various ecological hypotheses in both field as wel w'm -
e well as experimental
R l ? 1 - .
oyle’s pika (100-150g; Alfred ef al. 2006) is distributed in open rocky grounds and
thododendron forests from 2400m a.s.l. up t 500 I I
- | p to 5000m a.s.l. in the Himalayan region from
orth-West Pakistan to India (J ir, Hi
et ammu and Kashmir, Himachal Pradesh and Uttarkahnd)
and adjacent Ti ina; 1 ’
- jacent Tibet (China; Hoffmann and Smith 2005; Chakraborty ef al. 2005).
y an im i ' i '
portant ecological role in alpine Himalaya, as they are reported to be an
], and red

prey b - -
Yy 0asc fOI‘ Se\'/eral carnivore SpeC].eS SUCh as marten, Stoat, wease

fox (R .
(Roberts 1977; Oli et al. 1994; Aryal et al. 2010).

Three dif
Yar
rent hypotheses have been used to explain diet selection (caching for winter

c()nSl_lrn t .
ption) in talus dwelling pikas. Millar and Zwickel (1972) proposed that pikas US¢

quality or plant morphology (also Huntley et al- 1980) 252 cue for diet

Selection
wher .
ereas Dearing (1996, 1997a, 1997b) proposed that

O plant

se
condary compounds. Millar and 7wickel 1972 and
ence towards Jarger forage

Suggested
b .
eing central place forager pikas should show prefer
sted 0 gain that energy-:

and effort inve
thus it can be predicted that

pikas select plants based
Huntly éf al. 1986 also

in oy q
Cr 0 effic]
oyles fficiently manage energy gained
ka live ; . :
ive in a similar habitat in alpin environments
nt with plant mo

€S
Consumed by herbi ignificantly "
y herbivores can vary Slgmﬁcan y | or moisture
. mineral Of

s of crude prot

Oyle*
aw
‘ 1l show a response consiste

» Plant species wi
pecies with high concentration
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efer fOrage plants with high nitrogen and moisture whe avoiding

ipti forage with
penolics and fiber content. Descriptive as well as experimenta] et ge with high

. _ ologies, combj
" statistical modelling techniques, were used to enhance the knowledge of 1ln N
of plant-

erbivore interaction and 1ts influence on herbivores forage selection decision, usi
using

Royle’s pika (Ochotona roylei), as study species in Kedarnath Wildlife Sanctuary, Indi
3 1a.

8.2 Methodology

3.1 Data collection for field observation

pika foraging behaviour was observed for two years (2008-2009) on a monthly basis
during their peak activity period i.e., summer (May-June) and monsoon (July-august). The
entire study area was divided into three altitudinal zones: sub-alpine (2900-3150m),
timberline (3200-3350m) and alpine (3350-3 680m). In each altitudinal zone, one 5030 m
permanent plot was delineated to record pika behaviour. Each permanent study plot was at
aminimum 200 m distance from its neighboring plot and has similar topographical aspect
and slope. Pikas were observed by focal sampling methods from morning 0600-1000krs
and evening 1500-1800khrs using a 10x 40 mm Nikon binocular from high vantage point

ona rock from where entire study plot is visible (Altman 1974). As Royle’s pikas are

Synanthropic in nature, presence of observer didn’t seem {0 influence their natural activity

(Kawamichi 1968). During each observation, food plant species specific bife counts Were

"%orded. The relative bite counts were caloulated with the help of following.formma
(Krebs 1999): Relative bite count = (Number of bites of a particular species in a Site / tothal
Wmber of pite sampled in that site during sbservation session) x100. It gave u:t:t;
Df:rcentage of bite count. Only food plants which contributed 2 minimur.n 5 perc.ente zts »
' count Observations in a plot were considered for further cafeteria experim

ver
Mitrit] : onments but 1€
trmonal analysis. Plants which were highly gbundant 1 envir

Select .
¢d by pikas (N=4) were also considered for b

ould provide more insight on food selection.

iti is as
th cafeteria and nutrmonal analysls
0
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racing jeaf (N=10) of each species ona Imm x |
mm
11). After removal of th graduated the
e leaf, the numbers of wi, 1graph paper (Pandey
ole as Well as 3
% filled

. s divi filled
and this total was ivided by two. The total leaf area was ob Square were also counted
combining all

pumbers of squares t0 gether.

xd Singh 20
Jare occupied by the leaf were counted. N
. Numbers of half-

Selectivity OCeUrs when a feeder consumes available and ¢ .
different rates (J acob 1974). Earlier research has Suggeste;)'%cunmg edible resources at
5“°h. a forage ratio (Savage 1931) or Ivlev’s selectivity minzl\rr: aS1u9rzS o e
revious i sndi v
:bundancz (::;:Z:Zj rler:)l;es fiepem.i not only on the selection but alls)c; lz(:lﬂi:l:ite
o sesatch where ce 1ln e.nvuonment. Therefore, they are less applicable in ﬁelfl
itenty i the envi relative .abundance of different food resources varies
between selection and rel o'n ment or in studies which aim to understand the relation
s to understand ative .abundance (Jacob 1974). Thus, Jacob’s selection indexwas
plant selection reft

Jacob’s selection index pree

(D; Jacob 1974) =a-b/ (a +b-2ab), where, a= Bite count of a food

plant species, b= avai
=g .
vailability (percent cover per m?) of food species in environment.

8.2.2 Da
. t 2
a collection for Cafeteria experiments

was also studied In standardized

The food
preference of generalist herbivores (pikas)
Pikas are allowed to feed

conditio .
1S usin .

g a cafeteria;style arrangement O feeding trials.
4 in front of their nest opening

ment Were provided with equal

Selective]

yo :

(Krebs 19891)l various combinations of food plants place
. All food plants in this cafeteria expeti

bio
" aCh e .
‘ame out g xperiment lasted for one complete foraging
om it e
When the indi s nest, throughout its consumption of feeding trial plants,
1vi
dual went back to its nest. After a complete

eac
Specieg
wa . .
s recorded using a digital field weighing balanc®

ang fi
iom ,
ass of each species provided in the experimen! W

DErQe
and .
further used in calculating Jacob’s selection !
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sed I cafeteria expe .
periment generally lost the;
ure cont
ent

Jants U
feteria experiment set was not visi
b ot visited by a pika & ver
el WS replaced OY fresh food plant specie Or more than o y fast. Thus, jf
. S_ ne hour J
» then th
€ entire

§.2.3 Nutritional analysis of food plant
S

rage lant species sa
Forage P p mples (350g) were coll
within perrnanently marked plots fo - ected from adjacent
ot ks food i I nutritional analysis. Earl; areas near pika habitat
1tems - Larlie .
iy  used on leay ) were leaves, thus analysis fr;bServatmn indicated that
were used for chemical food plants (except Geum elatum ; mical composition was
compositi W
determined by Overnight o pOSItIO.n Separately)_ The dry Catter O:r: both flower and leaf
components in plant ot ven drying of sub samples at 105C. As 00d plant species was
nt lea .
e s of 52 | usually breakdown at 105°C. thus § most of the nutritional
mples WEre dried b ° ’ or other nutriti
: elow 50 C ritional analysis
ground samples wer for 24 hrs and . )
e fu 0 : .
mesh sieve. Moist rther tested for their uniformity in siz gtr, und in a Wiley mill. All
dhogen: () conttent ontent was determined by oven drying p h ing through a I mm
nt wa , wherea
1990). The Neut s measured by the Kjeldhal method in a K] :mpercentage o
. ral Detergent Fiber jeltec ' 2000 (AOAC
Acid det . (NDF) for fiber ¢ :
ergent Fiber (ADF) for li ontent (Goering and Vansoest 1970)
detergent Ligni or lignocelluloses and s :
nt Lignin (ADL) for ligni silica content (Vansoest 1963), Acid
n co ; _ g
ntent (Morais and Nascimento 1991) was determined

b
y FOSS-Fibertech ™ 2010 :
machine. Macro mineral elements such as phosphorus ®)

Were estim
ated by UV S
pectrophotometer (Cary 100 Bio-UV visible Spectrophotometer),

While calei
clum (C
(Ca) and magnesium (Mg) by atomic absorption

(AAnal;
1st 700. Perki
) I'kln E N
Imer). Potassium (K) and sodium (Na) content were estimated by

flame
ter (S :
( ystronics flame photometer 128%C; Jackson 1958) and total

spectrophotometer

Carboh
ydl‘ates :
in “Anthone”
nthone” method (Brummer and Cui 2005)- The condensed tannin
g catechine S standard

presﬁn .
ent in f
ood 1
plants were analyzed by Vaniline assay usin

fo“()w‘
ng Hagerman (2002)

8.2.4 D

Pe.
drSQns
S corr
elatio .
n tests were used t0 understand the relat

Ata analysis
jonship of the pika food

nutritional components: A

Seloct:
Clivity ;
ty index with f
ood plant leaf area cover as well as other

106




. i considered
relathHShlp was strong when the Pearsop’s —
1on coefficient (
1)>0.4. All

o rrelated variables appeared together each other in further re
gression mode
s only to test

fo

pefore

e interactive effects. Because different variapleg are
measured in dj
ifferent sc
ales,

performing further modeling, all variables were rescaled
edto0to 1.

Linear regression was used to determine if the pika food selection index
of various nutrients significantly varies across plots. Since food selch-k af well as amount
(o vary significantly across plots, different linear regression can:;.);l index values did
formulated based on one or more predictor variables selected from laate' m.odels w'ere
knowledge available on pikas or other small mammals. Additive eflt:cl:s,r e
interactive effects of one, two or three predictor variables on pika food selecti:rsx (‘;, . ;S
[ndex) were also estimated. It was expected that the pika would prefer a plant ifaiioha:
larger leaf area size (Millar and Zwickel 1972; Huntly et al. 1986) or contained high
moisture, nitrogen, total carbohydrate and other macronutrient elements (Na, Ca, Mg
P.K). Similarly, pikas were: expected to avoid food plants with high fiber content (NDF’
I‘XDF, and ADL) or high secondary metabolile content (e.g. Tannin; Dearing 1996). Apar’t
ﬁom. the above mentioned hypotheses, new variables were synthesized from the
I;Z‘c’llz:f::t irzzrztji::::’ :1:: m.ltriti.onal parameters..For example, :1t was pre.d.icted that pika
: ection index) would be influenced by i) palatability of the food
plant, which was synthesized as the ratio of positive nutrient index (moisture, nitrogen,

carb
thohydrate, Na, Ca, Mg, P, K) and avoided substance index 1 (NDF, ADF, ADL,

x or avoided substance index separately, iii) the
stance index 1,

Tann; i
ln . . - . .
) , or ii) positive nutrient inde

imerac 1 ~es s
) tive effect of leaf area and palatability or leaf area and avoided sub
iv) th e | , .
¢ additive influence of leaf area and amount of nitoSe: moisture, or palatability:
avoid . i
ed substance index 2 (ADF + ADL+ tannin) OF avoided substance index 3

(ADL- ,
"ADF) which is only lignin and hemicellulose content. n total, 15 models Were

heses. The relative support for each

brmulm

e

d and compared to support various hypot
etic framework

information-theor
02). The best fit

) considered

] analyses

Models wer
were selected (lowest AIC ie. that models
s were reported. Al

Statistical

Quiva]
ent .

0. and final parameter estimates of best fit model
R Foundation for

and m¢
0del] di. i n
| diagnostic plots were executed through R 3.2 (the
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utings http:// WWW. rproject.or
e ild and cafeteria experi &) Food plant-specific Jacob
er .
from W1 periments were compared (Pea s selection index vahies
rSOn’s col'l"ela v
erstand

. o food selection in th
- e field matched cafeteria exper;
eriments. Bas
. Based on the re
sults,

cting food —
factors affecting plant §e1ect10n in cafeteria experiment
nts were studi
ed through T
similar

hypothesis and modeling methodology mentioned earl
arlier.

8.3 Results

RO){lG i P.lkaS were reported to feed on 26 plant species (Bhattacharyy
during this study only 17 plant species (Total bite count = 3153 ‘.1 et al. 2009). But
food plants for this species (Table 8.1). Pika food selection (Ja) :)v’ere 1den.tiﬁed 2 majer
highest for Jurined dolomiaea (0.83+0.09), Taraxacum Oﬁ‘icinacl0 ()s selection index) was
longifolium (O.54i0.05) and lowest for Prunella vulgaris (-0 73e5i0'f)3i0.06)’ et
plant leaf area was observed in Fern (128+10.5¢cm’) and low.est ) I-VI3). The largest food
Y th?knonfOOd plants were found to contain 4 to 12 times more co:iseri:;t:r?;cinh:) .
any pi n
nu}t’ri'zo:alfczzjiil;nt:v a(STa‘b;e 8.2). .Highest palatability (ratio of positive vs. negative
Pagoman | observed in Taraxacum officinale (86.76+1.94) followed by
macrophylla (83.56+1.02) whereas lowest palatability was observed in

Sibbaldia cu
neata (23.61%1.78; Table 7). Among the potential predictor variables,
0.43, p<0.05), and nitrogen(r=0.451,

lation whereas

moist -
ure (1=0.466, p<0.001), amount of calcium (r =

p<0.05 ) of
food plants were found to have significant high positive corr®
(r = 0475, p<0.001), and

fibe
r content such as ADF (r = -0.447, p<0.001), ADL
01) had significant

secondar .
Negati y metabolites such as condensed tannin (r = -0.598, p<0.0
e COIT . .
rrelations with food selection (Jacobs selection index; Table 8.3)-

tes in timberline B=-

Food select;
ect . '
0.023 ion (Jacob’s Index) did not vary Signiﬁcantly across St
= can ﬂ: .
mean & 0.17 gg, t=-0.138) or subalpine B= -0.055 mean = 0.18 s5, = -0.299) zones 1M
food selection in the field (Table 8.4)

COmpariSO .
n to alpine. The best fitting model of pika
del (& AIC = 42.592) and 10 other

> 2). In the best model, the
ndex) was

d (Table

reCei\,e d
far
more support than that of the null mo

m()del §
ece‘ 1> . .

Ived similar support (all A AIC values were
voided substance i

interay:
teat of predictors (plant leaf surface area and 2
selection in the fie

it influences

f0und
to have sjon;
8.5) Th Ave significant negative influenc
. The to ’
P model’s B-coefficient estimates
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food celection (B = 1.55mean + 0.385p, t=4.023) whereas avoided substance ing

\DF. ADL: tannin) 'neg.atively (B = -0.54meut 024 ¢ t=-2.239) 'mﬂuer::e (NfDF
selection- The interactive influence of leaf surface area and amount of avoidabje mjtri:td
B= 3.16 mean £ 0.63 5., t= - 4.97) also had a negative influence on food selection (Tabl:
8..5). Food selection (Jacob’ selection index) in the field and in experiments was found to
be highly correlated (r = 0.742, p<0.001). The best fit mode] in cafeteria experiments had
gmilar results 0 that for field observations (Table 8.4). The trends in B-coefficient
estimates in cafeteria experiments were also similar to the B-coefficient estimates of field-
pased observation models (Table 8.4). In cafeteria experiments, the B-coefficients
estimates for leaf surface area (3 =0.87 mean £ 0.26 s, t = 3.28) and interactive influence of
leaf surface area and avoided substances index (B = -1.51 e + 0.44 g, t = -3.44) were
comparatively lower whereas for avoided substance index was higher (B =-0.86 mean £ 0.23
¢ t = -3.77) than field-based analyses (Table 8.5). The diagnostic features of best fit

models for field as well as experimental observations indicated satisfactory validation

(Fig8.2 and Fig8.3)
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3 Pearson correlation estimates betweep

" Pika food selection Jacob
Tablfig;l index) and its nutritional profile, plant leaf morphology, (Jacobs
selec
Pearson’s ]
Variables Correlation p-value
coefficient
W 0.451(*) 0.038
Phosphorus 0.12 0.356
Carbohydrate . -0.105 0449
Magnesium 0.249 0.068
Calcium 0.338(*) 0.012
Sodium -0.079 0.565
odiu
0.197 0.151
Potassium o
Neutral Detergent Fiber(NDF) -0.247 \ 0 "
®3% ]
Acid Detergent Fiber(ADF) -0.447(*%) o
ek |
Acid Detergent Lignin(ADL) -0.475(**) .
-0.598(*%) 0.00
Tannin )
- 0.466(**) 0.0003
Moisture s
‘ 0.248 0.0
Leaf surface area
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' 8.4 Relative support to various candid
Table ; ndidate mod -
c0l0 gica.l hypofihesmf zttb(.)ut foragF selection criterig :}s l;xpla:nlng competing
obser\’ﬂtlon and cafeteria experiments, using informati oyle’s pika in field
(minimum AIC). on theoretic criteria
— o g
Model description .
Design LogLik | df | AIC | AAIC
. * qvoided substance Field
eaf surface area * avol . 1717 -
klde.\' 1(NDF. ADF, ADL, Tannin) _ S 45467 0
: Experimental  -28.09 5 66.196
Avoided substance index 2 (ADF, ADL, Field 2471 3 55-439 9 0
. . ’ . 97
Tannin) ' , Experimental 4655 3 99.107  32.91
Avoided substance index 1 (NDF,ADF, Field 2903 3 64.06 1.8 ;
L@E’.lalmm) Efperimental 341 3 7421 8.02
Tannin Field ' 29.03 3 6234 1687
Experimental  -49.07 3 10415  37.95
Leaf surface area + Avoided substance Field 3218 5 7437 289
idor 5 (ADF,ADL) + Nitrogen Experimental _-5644 5 12289  56.94
Leaf surface area+ Palatability i . 333 4 6l 3L
Experimental 60.169 4 12833 62.14
Palatability Field 3542 3 76.85 31.39
: Experimental 6496 3 13592  69.72
Positive nutrient index (N, Ca, Mg, Na, K, Field 3736 3 80.73 35.26
carbohydrate, moisture) Experimental 6212 3 13025 64.05
: i 3543 3 76.87 31.4
Moisture Field J
Experimental 6496 3 13593 69.71
Field 4031 3 86.6 411

Leaf surface area 75.68

6793 3 14187

Experimental

Nitl'Ogen
- ydrate Experimental 7275 3 151.
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5. Estimated influence of parameter on R

e 8 . oyle’ s
:‘:: exp erimental observation measured by the besyt %tsc?;‘:ig;;elechon d.“"i“g field
(minimllm C) € regression mode]
_—" Pparameter i
Desi
P L, Betaz S.E | tvalue [ pval
Field 0.12+0.10 e
Intercept Experimental | 0.1+ 0‘08 e 02
— =55 11£0, 131 019
: 1.55+0.38 4.02  0.001
Leaf surface area Experimental |  0.87+0.26 3.28 0.001
/ 1 , . .
. Field -0.54£024 239  0.029
Avoided substance index 1 Experimental | -0.86+0.23
| Avoide : ' 860, -3.77  0.001
Leaf surface area*avoided substance | Field -3.16£0.63 497  0.001
index1 Experimental | -1.51+044  -3.44  0.001
I
Figure 8.1 Diagnosis of best fit pika food plant selection candidate model for field
observation.
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re 8.2 piagnosis of best fit pika food plant selection candidat
¢ mode] for

Figu o
cafeteria experiment
Residuals vs Fitted R

2 b ° o o ° 2% o g _ .
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8.4 Discussion

Foraging decisions in herbivores are influenced by various constrains, such as energy or
nutritional demand (Stephens and Krebs 1986) or predation risk (Lima and Dill 1990).
Thus, the foraging ability of an herbivore is governed by these constraints and explains

the need of diet selectivity in herbivores. Demment and Van Soest (1985) states that due

to comparatively high energy demand and similar gut capacity like arge mammals, small

mammal are specifically challenged to survive on low digestibility foods, thus they must
clect highly digestible food. Asian rock dwelling Pies &° considered o0 b€
opportunistic herbivores which show very Weak selectivity in for2ge selection
(Krivosheyev 1971; Khlebnikova 1976; Yudin et al. 1976; Revin and BoeskoroV 1.990)'
They tend to feed on or collect the plants which are common and highly sbundant i 1€

- i ite of these
“Vironment (Cherniavski 1984; Voronov and Basarth - D::enie in Asian
te . _ gree of forage Pre

ndencies, Travina ef al. (2000) documented SOTe degree © ite and local

Pka specie . eqn was found 10 depend on § -
s. Food selection in O. hyperbo - b i ofhe meriosn

jgnificant
put recent studies reveal significan

2001).

oMM ctes .
Mposition of vegetation structure (GliwicZ et al.
pik C o .

2 also indicated low food plant selectivity

seleCtivity (Millar and Zwickel 1972; Dearing 1996; Roach éf al.
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e preseﬂt study tested three hypotheses explaining diet selectiop ;
0 1n talus

a8 Nutritional quality, plant morphology, dwelling

and secondar

. ¥ compounds were a]]

. , . tested

possible of edictors of Royle’s pika food selection. Qyr results indicate that Rov] Iy
oyle’s pika

- jeaf size and amount of avoided substances (fiber and plant secondar

quch 2 tannin) as principle cue to select its food plants. Therefore, this stzd;‘)trrlioznd
strong support for both the plant morphology hypothesis (Huntley ef al. 19861)) v:;u:;
sy central place forgers should feed on larger leaf to achieve energy efficient f’oraging
rategy, 8S well as support for the plant chemical defense (Dearing 1996, 1997a, 1997b)
hypothesis, which says pikas should select plants with fewer plant secondary metabolites.
Additionally, this study reveals that pikas prefer forage with low fiber and lignin content
(NDF, ADF, and ADL). Similar to results of this study, Hudson ef al. (2008) indicated
collared pika (O. collaris) preference towards larger leaves for their winter diet in field

observation as well as cafeteria trials.

Our finding of larger leaf size as a positive correlate for pika selectivity possibly enables
pikas to achieve energetically as well as nutritionally efficient foraging strategies to
survive in periods of food scarcity season. In contrast, the negative relationship between
plant defenses and selectivity is likely due to the toxicity of many plant secondary
metabolites. Plant secondary metabolites such as tannins are reported to reduce

digestibility and food intake, slow down growth, and hamper functioning of kidneys,

liver or intestines in mammals (Butler et al. 1986 Kumar and Singh 1984 Price and

Butler 1980; Thomas et al. 1988; Zucker 1983)- The offects of tannins on herbIvores

. ) . s adaptation
depend on the characteristics of the specific tannins present 2 well as acap

ge tannins. Therefore,
secondary metabolites

canahil: : : tannins are always
pability to neutralize or metabolize tho

“onsidered to be key elements in plant-animal nteraction. Plant

ant role in American pika
omastylis rossii, a

is reported t0 have

food selection than

ha '
ve also been found to play a more signific forb

Wirients (Dearing 1996; Gliwicz ef al. 2000 Fr example, 4¢ d

1 . . 1 0,
Wi comprises 607796 of winter diet of Ameri® P 7 Coloe .
997b), and yet Americ

lites have decay®

lect winter food

hich prefer © €7

an pikas

high ;
Plant secondary metabolite content (Dearing 1996, 1 d to low

Cong tabo
Ume those forbs only during winter when secondary ¢

Cvels, Qi ;
- Similar trends were observed in collared pikas,

Plants vy
S with low phenolic contents (Hudson et al. 2008)-
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~om chemical composition of food plants ,
ppart fr Plants, endophyte infection in food plants j
is

. i food selection in pj
found 10 influence N 1n pikas (Koh ;
also oh and Hik 2007). D
- Vletary fiber

constitutes the heaviest portion of herbivore diets and ye is comparatively less dioesti

han other nutrients (Mertens 2002). NDF and ADF represet cellulose an}:i :S C.llg:stlble
content of feed whereas ADL represent the lignin and cutin conten of plant cr:llllc::hlxulose
dl. 1993)- High fiber content (NDF, ADF, and ADL) is considered an important r:‘i:rtl
for low forage digestibility. Therefore, Royle’s pika prefers forage with low fiber and

lignin content.

Royle’s pika prefers forage plants with larger leaf area and low fiber (NDF, ADF, ADL)
as well as low tannin content. But the interaction of leaf size and concentration of non-
digestible or avoided substances (fiber or tannin) indicated that selectivity for large leaf
area was reduced if a large leaf plant contained high levels of avoided substances. This
result is supported by the observation that plant species (Polygonum polystachyum,
Rhododendron campanulatum, Rhododendron anthopogo.n, Viburnum sp.) with larger
leaf area than any typical pika food plant which are also abundant in environment were
never selected as food plants due to their high condensed tannin and fiber content. Hence,
Royle’s pika prefer Prumella vulgaris, 2 plant low in nitrogen, moisture content and
palatability over plants such as Polygonum polystachyum, Viburnum Sp. which contain

three to ten times more condensed tannin.

s either directly due to mortality of

(Lima and Dill 1990; Sinclair and
i i lations,

Arce'se"lg%)' These effects are found to have significant impacts on prey popula 1.

. a 1998; Schmitz ef al. 1997). Pikas

ut from their

the foraging

Often prey populations are affected by predator

indirectly due to change in behaviour and physiology

Which are often influenced by actual predation (L

a . yentur€ 0
' considered a classical example of central place foragers 3 they

jon of
est location for forac; + location after completion
ion for foraging and return to the same lo o associated

tion ri
bout (Huntley 1986). Therefore, they need to balance of the predatio

central place

Wi . _ - 1n general;

f cach foraging bout and nutritional quality of food plants. 1 £

Ol‘ag

Morgig :
rison 2006). Earlier studies in other talus dwelling

they tend t0 %8

°IS are reported to be more selective for their forag

tha ;
1 the absence of effective talus €sCape eave
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v of the rock talus even th
ough hi
gh high nutritiye plants |
Were available j
le in the
open

., meadows (Holmes 1991; -
pine 991; Morrison et g]. 2008, R
ported

.

miler observation in American pik
; N pikas where they vent
ure far i
nto ope
n meadow:
s for

foragmg. OnlydWhen 'fhe talus is well connected. Th
observation an cafeteria results of the current stud € comparison between field
selective for leaf size when grazing away from thi rte\lleal_Ed that Royle’s pikas are more
predation risk. But when presented with food plan: uv:;l areas of presumably higher
cafeteria €X eriments ithin their :
" iy tf(’) - 16;: Sli)zreesunzled low predation risk environmen,:alr}f habitat during
and more towards digestibility or se;onz:r:howed -
metabolite

content of the food
plants. Thus, a trade off mechanism of energy/
nergy/ effort is likel
y to

dictate Royle’s pika food selection

Nitrogen content is fou :

L an herbivores rgl to play important role in governing the abundance of smal

i wenahot 0; rar‘lt et al.. 1977; Boutin 1990; Boonstra ef al. 2001), as it i::;l

(Robbins 1983; Schetter a:lmlo . Whi(?h are essential for growth and rt;Pmdmtioz

e, Boman et a a1 991 ??8). A.lpme ecosystems are highly limited by nitrogen

amount of nitrogen or p;Oté- J,.Chapl-n e al 1995; Nilsson ef al. 2002 therefore the
in available in forage plants might have jmmense impact on

food selection i
{e)sk 1 3
in alpine herbivores. Earlier research (Millar and 7wickel 1972; Smith

1974; Dearir
s alr'inge 19 3 * .
g 1996) indicates pika preference towards nitrogen rich forage for winter

diet. The res
. The results of
the present study also showed that nitrogen content of food plants has

a positive '
correlati 1 s .
ion with Royle’s pika food plant selection. Calcium, an important

e correlation with pika food selection.

Mineral 1
nutr
rient, was also found to have a positiv

sential 0 maintain skeletal tissue,

£ milk (NRC 2001). Moisture O
ivore food

Pikas
re -
prefer plants high in calcium, as it is es

tra'l‘ .
no ‘ .
f nerve impulse, important component 0
ant constraint on herb

7z 1991; Schmitz el al. 1992).

s influence forage selection

“’ater ;
content > .
of forage is also considered as an import

deciat
ecisions (Belovsky 1984; Belovsky and Schmit

£ food plant

Pl.ev. :
101.18 Stl, ]
d
les suggested that moisture content 0
ntent as @

in pi
Cle foy f( illar 1971; Smith 1974; Deating 1996). Pikas night use mOistre co
ore . . s
rage selection. as high moisture content Jeads 10 increased dlgCSllbﬂlly of forage
(Robbins 1983). This

as w

availabil; . .

Sudy g vailability of highly putritive cytoplasmic contents
0 indj .
Indicated a positive correlation of pika food selection and
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satent: put food selection in Royle’s pika seems tg pe influenced
¢ ence

amount i nitro :
sisture: Unlike other talus dwelling pikas such ag daped ' gen, calcium or
m tican pika (0. princeps) or

e haypiles (Kawamich;
1968). Thus; Royle’s pikas have few opportunities to manipulate plant toxi n;lc)hl
n or er

¢ different fiber and tannin than other nutrient such more by leaf size ang
Ch as
ollared pika (O. collaris), Royle’s pika do not store winter foqq in

content, unlike other haypile forming pika species. As a result, they sh
2 OW strong

preference towards plants with low fiber and tannin content.

Adequate nutrition facilitates successful reproduction in mammals. A large amount of
food 18 generally used for body maintenance and other activity and rest in reproduction
(Studier 1979). Small mammals are not able to efficiently store large amounts of energy,
which would help sustain both in gestation and lactation periods. Therefore, they require
2 continuous supply of highly nutritive food throughout the reproductive period (Miller
1977). Alpine plant communities are considered to be more vulnerable to climate change
than plants in lower altitude as they were more influence by abiotic factors (temperature,
precipitation) than biotic (competition) factors (Pauli et al. 2003). Recent climate change
(temperature and precipitation regime) in Europe predicted to cause disproportionate loss
(more than 60%) of alpine plant species in near future (Thuiller ef al. 2005). Often
herbivore and vegetation were associated in reciprocal relationship that is abundance of
one though times significantly influence abundance of other (Caughley 1976)- Therefore,

change in alpine food plant community structure and composition might have strong

i - ; - ikas which
impact on mammalian herbivores, especially small herbivores such as P

stand, predict and monitor changes

e 3 . , N . . . )
Xclusively live in alpine ecosystem. Hence, t0 under o
ata ar

In these highly vulnerable small mammalian herbivore species, MOTe refer.ence.d |
“Quired to collect through intense ecological studies. As rapid change in climatic rei‘:i
1S alsg reported in the Himalaya (Singh and Bengtsson 2004), therefore, the T:walpi;e
generateq through this current study about food selection b?' an. ger;::; aS]ay& "
herbiyope (Royle’s pika) which play significant ecological 1o1e 1 alpie

track effect and magnitude of

C use e o e 10
d for future climate change monitoring studies t

chﬁn y
8¢ more efficiently.
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Chapter 9

G .
eneral Discussion

lntroduction

Recent research' trends indicate increase of global mean surf
late 1800s) which affected worldwide species distributior ace temperature (0.6°C since
(Hughes 2000; Walther et al. 2002; IFCC 2007) Gener:; Phenology and physiology
Jlso predicted @ potential increase in the average global tem;:ctmatmn moodels (GCMs)
2100 (IPCC 2007). Hence, climate change is now considered ::etl;ly 2.4°C to 6.4°C by
global ecosystem and biodiversity (Glick and Van Putten 2002 & grea.test threat to
especially threatens the survivals of many organisms whose distj'.b Tl.‘e C.llmate .Change
fragr'nented habitats (Peters and Darling 1985). Species witlhut;on 1s festnc‘ted. o
r?“‘remem? are predicted to be highly affected and even might be e}diirt() :itleizocl(l):rl\cil
thlrllif: rlr;eil:;ct: fllt?; alTeréﬁOn (Murphy and Weiss 1992). As the velocity of climz;tz
cies adapted pine 1e.g10n.s (Naﬁz- et al. 2002) than lower altitudes regions, the
(Hughes 201())0- 1\;)0:: 1 climatic conditions are more WReri © global warming
exceed the ada’ptatio:l ia:a:i:y i(lzosge)\.leil;r:z:izrz :(})1 ange' ’ CHViIOIm'lent e '
pe with altered climate (Barnosky

and Kraatz 200

2007). Therefore, significant change in climatic conditions might induce
and fixed bioclimatic niche across its
f species

extirpation i . :
pation in species with low adaptive capability

distribution r
nrange (Beever 2010). Several studies indicate disproportionate loss 0
t al. 2005; wilson e! al. 2005) and

ith poor dispersal capability
ariable and

which ¢

lﬂlt]ilt:;ill:u:isﬁﬁlange in altitudinal (e.g., Walther ¢

i brogg :l.“b..u'flo.nal range (Guralnick 2007). Species W

phySiOIOgichlStI1but10n might also show local a
ally stressful environments based on their

Re'al
€ et al. 2003 ' iy
. 2003). Hence, understanding the basic ate sensitive

Spec ecology about clim
\CIeS - X . .
'S extremely important not only to identify which climate

chay
xge rn1 . . ino
ght affect them but also for developing g monitoring,

effective informin

Schneider 2006).
e vulnerable to

limited dispersal

Alpine small

Map,
agem
ent
nlammal , and conservation strategies (Root and
lives in .
es in isolated mountain SKY ilands might be mOf

col‘lte .
Mporay : :
ry climate change due to their high energ
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caPability and sensitivity towards climatic variatj
10n than oth
er lar

ich lives in tropical and temperate envir ger speci
onment. Among alp; Pecies or species
pine

wh
small mammals pikas

distinct position due to its high ecological im
portance, In spi
- 1n spit

s re orted from Himalaya, 1i ' e of hi
p ya, information about their basi fhigh number pika
v e°°l°gy is v

cry SCanty.

atttlin
specie
». this study reveals baseli X
ple® ! aseline ecological information ap
about a widely dj
y distributed

alpine small mammal, Royle’s pika (Ochotona roylei) in w
CStem Himala
ya.
[nfluence of habitat characteristics on R
oyle’s pika occu
rrence

The distribution pattern of rotks and mvallable etevices gie
important in explaining Royle’s pika occurrence. Royle’s i:ere found to be most
uniformly distributed rocks with small crevices as it allows thelr)n ':) prefer habitats with
larger‘. areq by provicing an escape cover from predators. As Ro a‘::ess g edons
d?vemng pikas cannot make burrows thus, they use small crevices a)s, thseif ],1:: al; talu‘s
pll:dS are also re}'.)orted to be synanthropic in nature (Kawamichi 1968) and obseie: ::eb:
:dli\(/:t);sovc;:zl:lg several. anthropogenic habitats during this study. Earlier research
i i) ?’pes of disturbances (realignment of stream channel, clear cutting, fire
nd Dodg egl;:; al\l;‘;it Srlrllall mammal ?opulation and community composition (Possardt
Through there W’as I‘lo Z' .and Radvanyi 19.77; Fala 1975; DeCapita and Bookhout 1975).
But on soveral coca rect ‘anthr(?pogemc threats exists for the pikas in the study area.

jons during this study as well as in earlier studies (Bhattacharyya et
f the pika habitat sites WeIC severally
] activities (making road or house).

in those altered habitafs were

al. 2009 ;
o ), it has been observed that some O
royed .
yed to extracts rocks for various developmenta

The habj
1te »
Complet 1% structures especially the crevices in rocks
clely ] .
y changed. None of those altered habitat were observed to be recolonized by
e devoid of Royle’s pika

pikas' S-
mce ]
last three year. The entire affected area becom
d significant amount of

Populati

lon. T .

habit Thus, larger scale pika habitat alternation might lea
hat the Royle’s

ne. Hence, the 10

to the species. This study reveals t pika will show mor

cks structure is the

affini
Ytoa ; .
habitat with small crevices than 1ar® 0

€y ¢
Onlpo
Ile i . . . s .
nt which can maintain viable Royle's P!

Royle:
s Pikc
a do not make haypile like other pika species an

an Mog
ailable on crevices during Winfer Thereforc:
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qucture ipay not only increase in predation risk byt ca

i winte? food as mOSS and lichens takes years to cover o gt Significant decline

devclopment activities which involve extraction of 1r:)l‘iks, Therefore, any 1o g scale

should be avo ided as these might lead to decrease in habit:lt as\:u-l CEC from pika habitat
lability to the species and

educe the titness of the Royle’s pika population.

Factors influence Royle’s pika distribution

The dist;ibution of montane species has been known to be significantl

various climatic parameters such as climate precipitation, temperature a: fv(;;llerned N
topographical factor such as latitude, elevation (Grinnell 1917; Ko“rner 2007 asEOth'er
paleontological research illustrated that pikas (O. princeps) distribution range);n ;r::;
American experienced expansion and contraction in response to climatic fluctuation
across geologic time (Hafner 1983). They were also found to be highly vulnerable to
acute-heat stress, when they could not perform behavioural thermoregulation efficiently
(Sfﬂith 1974). Because of this high sensitivity researchers consider temperature as
primary factor which governs the geographical distribution of various pika species

(Grinnell 1917; Smith 1974; Hafner 1993; Beever et al. 2003; Grayson 2005).

The present | -
present study reveals that the mean temperature of warmest quarter, elevation and

precipitati - ) . .
pitation of warmest quarter were the most important contributors which govern

Rovle's miln Ateroi s .
yle’s pika distribution in western Himalaya. The probability o pika presence found to

bC de . .
crease with high mean temperature of warmest quarter 4 increase temperature also

incr ili . . . . . . .
ease the probability of increase of heat stroke in pikas. Gimilarly, precipitation of
nce the abundance of pika food

ow acts as thermal insulation

n
rotects them from high

Warme . .
| st quarter (summer. and monsoon) also influe
Plants, t .
- » thus also govern the distribution of Royle’s pika. S
t pik :
Pikas which thus high precipitation during coldest quartet P

dillr X
nal tej
temperature and severe cold.

e which results Jocal extirpation

tal. 2003, 2011; Calkin ¢!
y hotter

rrhe . .
clima v
ate change was considered to be the primary torC

of A
: llleric . . 24
an pika (Ochotona princeps) 10 Great basin (Beever ¢

2 _ _ e comparatty
)- The microclimates of pika extirpated r

locations W¢

ln-ing Summ tions whiCh c
Imer and very cold during winter than locati0
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pulation (Bee¥e” et al. 2010). Though, Royle's piks s gigriyreq
HindukUSh’Himalayan arc, but contemporary climate change mighta cr:)ss o e
dis[ribution. This current study identified some potential climatic and habs.o affe'ct its
which €2t signiﬁcantly govern Royle’s pika distribution at a landsc: lta.t varibles
Himalaya- This information further can be used in future predictive mol;il;:g\:'::t:;n
€

species:

[nfluence of snow and habitat characteristics on the abundance of Royle’s pika

Thick snow COVeT works as a protective thermal insulation layer, allowing pikas to
qurvive high diurnal temperature fluctuation during winter and early spring (Morrison
and Hik 2007). Kreuzer and Huntly (2003) found that the snow melting pattern and its
dﬁrgtion has a signiﬁcant impact on the demography of the American pika. Acute cold
stress (due to short dul:ation of snow cover or a thin snowpack) was also foﬁnd to be an
important reason for pika, extirpation in the Great Basin (Beever 2010). This present
study also reveals that the adult pika abundance was significantly governed by the
interactive effects of snow-cover period and altitude, whereas juvenile pika abundance
was governed by food availability, amount of rock cover and spring snow depth. Juvenile
pika emergence time was influenced by the interactive effects of snow cover period and

altitude. During the winter of 2008-2009, a short snow-cover period may have caused
in turn resulted in Jow pika abundance

in the summer of 2009. The thermal insulation provided by 2 thick snow pack during

high adult pika mortality due to cold stress, which

KT . R jces that favours
Spring reduces cold stress; it also creates an environment within crevi

o . : the abundance of
Suecessful reproduction in adult pika. Hence, spring SHOW inorease:

Juvenile pika.

Wingey
ler snow also protects alpine plants fom extreme 1oV

(Marchapg 1996). Snow-cover period and depth are crit

and fluctuating temperatures
nutrient

ical for alpinc soil
al 1993,

199%. i
{ 5 Brooks and Williams 1999). Long snow co¥éf period
0 r-\'w . & .

Ul in high availability of pika food P

Mailgh - o
Vbl Possibly, improves pikas health by inoreeSi™s
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; 1 eason in spri

pllowing preading S Spring and also for rest of the —
. g mm r
i w 1 : us, ¢ :

Jinter preclpltatlon (snow) pattern not only increase pika gty 3 hange in

: i 1 i ue to |
pfOtectIVC thermal insulation but might also reduce the fooq availability f; o

or pikas. This

phenomeno? might reduce the survival of Royle’s pika population in western g
imalaya,

seasonal variation in time activity budget of Royle’s pika

High altitl}de ecosystems exper‘ience marked seasonality, thus animal lives in such
ecosystem  has short and restricted period to gain energy and perform successful
reproduction. High variation in climatic condition also impose additional energetic
burden over alpine mammals which has relatively small body size such as pikas. Royle’s
pika shows bimodal activity pattern during this study. Adult pikas were found to spend
highest amount of their activity budget in foraging and least amount in vocalization. Due
to high food availability pikas spend comparatively more time for foraging in monsoon
than other seasons. Pikas spend more time in locomotion and long musing during
autumn. The time spent “n locomotion in pikas was found to be inversely realted to
availability of food plants. They explored larger area during autumn when most of its
food plants under do senescence. Vigilance was high during summer as well as in the

habitats with low escape cover, possibly due to high predation risk. This baseline

information about how Royle’s pika allocate it’s time for various activity in different

season can be used further in applied ecological studies such as in bio energetics.

Influence of microclimate on Royle’s pika activity

i i :ne hours Where as
The present study reported high pika activity during morning and eveniig ‘ |
nerally considered as an

low activity during midday hours. Physiological constraints 2¢
portant determinants of the distributional limits of species and P
Spicer 1998; Chown and Gaston 2000). Pikas & !
>3) body temperature than other small mammals Who reside 10 1

thick .. .
K layer and the presence of micro-organs

D (MacArthur and Wang 1973). Earlier - talus dwenin

Phys; :
¥Siology of American pikas (Ochotona pr inceps), &%
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RO)/le.S pika indicat'ed.that e tbermoregUIation Process in pikas are mg;

aher than physiologlcal; a brief exposure to medium ambient ::amly behayioural
204°C) and intense solar radiation can cause death i pikas (MacArthur: petlatures (25.5-
1974; smith 1974) Therefore, Royle’s pikas also avoid midday heat :rewang 19?3,
helter I micro-climatically favorable crevices in talus rock habitat IfS Sthzy ;lkmg
emperature becomes higher in future then it might sigeificantly ceduse fhe o iurnal

' ' ) o foraging
- espemally during midday hours which might results nutritional deficiency

Factors influence food selection in Royle’s pika

The foraging decision in herbivore reported to be influenced by various constrains, such
s energy or nutritional demand (Stephens and Krebs 1986) or predation risk (Lima and
Dill 1990). Thus, the foraging a_lbility of an herbivore is govern by these constrains and
explain the need of diet sélectivity in herbivores. Various food selection hypotheses viz,
piant morphology (M.illar and Zwickel 1972; Huntley et al. 1980), Nutritional quality
(Millar and Zwickel 1972) and plant secondary compounds (Dearing 1996, 1997a,
1997b) from earlier research in talus dwelling pikas were tested t0 understand food
selection in Royle’s pika. The results indicated that food selection decision in Royle’s
pika was positively governed by leaf area size and negatively by amount of avoided

substance (NDF, ADF, ADL and tannin) in food plants. The - teraction of leaf size and

; . it
avoided substance indicates that a plant with larger leaves will be selected only if 1

i ‘maoni jon risk
contains low avoided substance. This study 2lso reported that magnitude of predation It

ig] . B : ' stance on pika
might also influence the importance of leaf size of amount of avoided sub

| ‘ I . -ted in reciprocal
food selection decision. Often herbivore and vegetation Were associat
mes signiﬁcantly influence

ne food plant community structure and

relat .. . abundance of
onship that is abundance of one though t1

Othey : e
i (Caughley 1976). Therefore, change It alp!

especially small
e, 10

COmpoeit; ) ' . herbivores,
Position might have strong impact OB mammalian

hel‘b' . . | ine ecC
Votes such as pikas which exclusively live in alp
Undey
St’ ) 3 . s o
and, predict and monitor changes 11 these

herhy:

lbl\'o T . . ire
I'¢ species, more reference data are require

Studies
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ABSTRACT - The relative abundance of Royle’s pika (Ochotona roylei) was studied in a
part of the Kedarnath Wildlife Sanctuary, Uttarakhand, West Himalaya along an altitudinal
gradient from 2900 to 1650 m a.s.l. Pikas’ detection probability and relative abundance per
month and habitat were recorded by monthly surveys consisting of three sampling sessions
of four hours each. Food plant species were identified by visual observation and quantified
by a standard quadrat method. The highest relative abundance was observed at man-made
walls and surroundings in the alpine zone and on broken slopes in the sub-alpine one, whe-
reas alpine meadows showed the lowest abundance. A total of 26 plant species were found
to be consumed by pikas. The proportion of forage plants was the highest (77.4%) on the
rocky slopes of the timberline zone The results of multiple regressions suggest that ro%k
cover is the main factor affecting the relative abundance of Royle’s pika. Rocky areas prob-
ably offer both nest-sites and temporary refuges o escape from predators.

Key words: Royle’s pika, relative abundance, Kedarnath, Western Himalaya, India

le (Ochotona roylei) [ungo un gra-

. *area del Kedarnath Wil-
diente altitudinale in Uttarakhand, Hlmalay . timaia 1’abbondanza relativa
dlife Sanctuary (Uttarakhand, Himalaya occidentald), € ST E

i -+ dinale compreso {rd 29OQ e
del pika di Royle (Ochotona roylei) lungo unt g“fdlen(;ehagiltt:td (l:[(;mplessi\lr)i. La probabilita
3650 m. Sono stati identificate tre fasce altl_tuc.imah e 1. caun o it sono o st
di osservazione e I’abbondanza relativa de.l.plka per.cndaisdi e uno. L .
mate tramite censimenti mensili consistenti in tré perio o dip
tali consumate sono state id

_ onibilita & stata
entificate tramite osservazion® danza relativa maggiore & stata
) i k] n .
quantificata tramite rilievo fitosociolo
riscontrata nella zona alpina, 1 aree

gico Staf}d ) nza di muri in1 P‘e“':”riee ‘;‘;l
caratterizz . ilevata nelle prate o
: & stata i€ .
pendii della zona sub-alpina mentre |’abbondanza 1-n“é(i)r\(fefg,e ali. La magglore percenlxi}:
e t » A cle . jone aroort~
_ _ , ymare 26 specie & T e della vegetaZ! s
pine. I pika sono statl osservati consutmic e si al limte de¢ "5, i
di piami u‘tilizzate é stata rilevata lungo! pe_nd“ §ocﬁocol;efmm rocciosa ¢ f‘attoreecilzizgee
a. Tramite regressione multipla si € evidenzi2®” c‘l(;:se offrono Provs imente S 4%
. . Cl
influenza I’abbondanza della specie. Le aree ¢

per la tana, sia riparo dai predatort coidentale, India

RI ) olativa del pica di Roy
ASSUNTO - Abbondanza feluth v a occidentale. In un

Parole chiave: pika di Royles

E \

i



Bhattacharyya et al.

[NTRODUCTION

Small mammals strongly influence the
composition of plant communities and
micro-habitats (Smith and Foggin,
1999). Accordingly, in the Indian
Trans-Himalaya, plant species richness
and diversity have been reported to be
higher 1n the presence of small mam-
mal colonies (Bagchi et al., 2006). Pi-
kas seem to be relatively primitive an-
imals, having passed their evolutionary
zenith (Thenius, 1972). The only living
genus, Ochotona, includes a few spe-
cies adapted to sub-alpine and alpine
habitats of Asia and North America.
Ochotonids reached their greatest di-
versity and widest distribution in the
Miocene when they spread throughout
Europe, Asia, Africa and North Ameri-
ca (Dawson, 1967). It is believed that,
in the past, nearly 16 species of Ocho-
tona inhabited Europe and Africa
(Thenius, 1972). Currently there aré
altogether 30 living species In the
world, of which 27 are found in Asia,
including 7 in the Indian Himalaya
(Hoffmann and Smith, 2005) Royle’s
pika (Ochotona roylei) is quite com-
mon throughout the Himalayan region
(Hoffmann and Smith, 2005). Its fur 1
reddish brown with 2 pale band over
the nape. Body length ranges from 15
to 20 cm and the diameter of the head
is ca. 7 cm; it weights 100-150 g (Al-
fred et al., 2006). In the western Hima-
laya, pikas occur from 2500 m a.s.l. uP
s L, inhabiting 0pen 12
ground and Rhododendron forests (T2

and Lamba, 1985). Their d.istribution

depends directly on the avmlablhtyc 1$i
forage plant species _(Ka}"gmé i
1968). The bulk of the pikas 1l:a ves,
cludes fresh grass

mosses and the 1€

boo. Most speci

. pecies show a marked f
{mardmg behaviour, whilst, surprisi(;logc}
p)i;nlt{oyle’.s pikas hoard only a few

species in their b

michi, 1968). provs (awe
Few s’tudifes have been conducted on
Royle’s pikas, as they prefer rugged

“high altitude environments. Kawamichi

(1968) suggested that Royle’s pika is
lgss vocal than other pikas and does not
hibernate in winter. A preliminary
study on the distribution pattern, beha-
vior and social organization of O. ma-
crotis and O. roylei was conducted by
Kawamichi (1970) at Mt. Everest. In
1990, Smith et al. revised the data of
Kawamichi (1968) and found a density
of 12.5 pikas ha' in Nepal Himalaya.
However the study of Kawamichi cov-
ered only a brief period and there is no
long term study on the seasonal varia-
tion in the abundance of Royle’s pika.

The present study is an attempt to as°
sess the status and distribution of
Royle’s pika in relation to habi.tat use
in the Indian Himalaya. The main aims
were 1) to assess the relative abu‘nda_nce
of Royle’s pika along an altltudmz}l
gradient and i1) t0 idgntlfy the envl-
ronmental factors which govern the
relative abundance of pikas 1n different

habitat types-
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Figure 1 - Location of the study area in Kedarnath Wildlife Sanctuary.'

was selected due to its suitable altitudinal
range (2900-3680 m a.s.l)), variety of mi-
cro-habitat types and accessibility through-
out the year.

The forests around Chopta are dominated
by broadleaved sclerophyllous communi-
ties of Quercus semecarpifolia, Rhododen-
dron arboreum, R. campanulatum, Abies
pindrow, A. spectabilis and Sorbus vestila.
The alpine meadows at and around Tung-
nath are dominated by herbaceous plant
communities and Danthonia grassland
(Sundriyal et al., 1987)- The main potential
predators of pikas in the study area are red
fox Vulpes vulpes, yellow-throated marten
Martes flavigula, Himalayan weasel Muste-
la sibirica and common Jeopard Panthera

pardus (Green, 1985).

The climate of the area is influenced by 2
south-west monsoon in summer and wes-
terly disturbances in winters i, 1981)
In particular, the intensive _
characterized by a rainy season lasting
from mid-June to September and a long
severe winter from October to April.

study area i

METHODS

jvided into thrc?e

dient, VIZ suo-

The study area Was d
ne zone. In each

along an altitudinal 83
alpine, timberline and alp!

zone, a permanent plot (50x50m) was
marked within each available habitat type
(N = 10). The Jocation of the plots was
recorded through a Global Positioning Sys-
tem (GPS, Garmin72); at each plot aspect
and slope were determined through a com-
pass and the percentage of rock cover was
visually estimated. In each plot, pikas were
searched for once a month from November
2007 to November 2008, except during
heavy rains (September 2008) and winter
(December 2007 - March 2008), yielding a
total of 70 sampling sessions. Each survey
Jasted 12 hours, subdivided into 3 sampling
hours each. According to
features, W€ could distin-
ups of individuals, corres-
onding 10 juvenile, sub-adult and aflult

pikas. The juveniles showed a regular light
brown fur dium sized sub-adults

had ve.ry S

sessions of 4
morphological
guish three gro

h survey the

aken from different an-

mparison. In this way We could
‘cas and then assess




We estilt}ated site and survey probabilities
of detection of the pika by the ratio: py; =
i/ Njs where k is the sampling occasionj(k
=1, 2, 3) during survey i in site j, ny is the
number of observed individuals and N; is
the total number of pikas in site j over the
study time. The average number of indi-
viduals seen in each survey (¥py/3 + SD)
was considered as an index of relative ab-
undance. Mean relative abundances were
compared by Kruskal-Wallis” test.

We tested our data for normality by the
Kolmogorov-Smirnov test and, whenever
necessary, applied the square root trans-
formation to achieve normality (Zar, 1999).
Data were also tested for autocorrelation by
the Durbin-Watson test (Zar, 1999). We
used general linear models (GLM) to test
for the effects of site and survey covariates
on detection probability and relative abun-
dance of pikas. Detection probability was
regressed against rock cover, altitude, food
availability and herbaceous species rich-
ness. According to our results (see below)
pika relative abundance was modeled
against three covariates - rock cover, alti-
tude and food availability - using a step-
wise forward computation method in a
multiple regression framework (SPSS ver-
sion 15.0). The significance of the models
was assessed by ANOVA. The plants eaten
by pikas were identified by direct chal
sampling (Altmann, 1974). For assessing
the density of plant species by the stax}dargl
quadrat method (Rawat and Adhikari,
2005), ten 1x1 m random quadrates were
laid monthly within each plot; the availabil-
ity of food plants (individuals m”) was
assessed from total herbaceous vegetation
cover. The chi-square () test was P
formed to compare plant densities across
different habitat types and altitudl_nal ZOones.
The diversity of herbaceous species (Shal?_
non-Wiener index) was calculated by the

software EstimateS 7 Sl

RESULTS

; - dentified
Five different habitats Were identifi
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n the alpine zone (i .
ot e
Yvalls a}nd surroundings, broken slopes
1L1I alpine and Danthonia grassland)
e e, b oo {obs
rocky forest fia 0755, kg slopes o
alpine zone f(’bges) and two in the sub-
: roken slopes and forest
gaps with boulders).
In both a}pine and sub-alpine zones
plant _degsﬁy was the highest (710 and
521 individuals m?, respectively) in
broken slopes (respectively: xz = 668.7,
df =4,P=005and ¥’ =1109,df =
1, P = 0.05), while no difference
emerged among the habitats of the tim-
berline zone (i = 0.10, d.f=2, N.5).
The proportion of forage plants was the
highest (77.4%) on rocky slopes - tim-
berline zone (x2 =1692,df. =9,P=
0.05; Table 1). A total of 26 plant spe-
cies were consumed by pikas, of which
18 were herbs, 5 grasses, 2 shrubs and
one fern (Table 2). Royle’s pikas main-
ly ate leaves (18 species), or both
leaves and flowers (7 Species; Table 2).
The Shannon-Wiener diversity index
was the highest (2.95) at forest gaps
with boulders during the monsoon
(August) and the lowest (1.99) in rocky
lpine meadows.
man density of royle’s pika was 153
individuals ha'!. Throughout the stuiy
period pikas were relatively more a0-

undant at man-made walls in the alpine

zone and on broken slopzsfin thge S;b;
i 2 = 521, df. =9

e ; -
oL, Te blfax3). The highest relative

: Ta
gi)?ﬁl(:ila’nce (7.67 £ 0.33) was recorde:ij
around the man-made walls in June an
Jopes in May. The lowest
i dance (1.44 £ 0.56) was
i i dows 10
e Mrr?l;:f ﬂ})e(';l& In Danthonia
T th boulders

an _
‘grassland and forest gaps W!




Royle’s pika in Western Himalaya

Table 1 - Density of plant species in different habit
. . at 2
the percent contribution of each species in the habitat ‘ypes. Values in parentheses indicate

Zone Habitat Density % of forage
(plants m™) plants Dominant species
Rocky alpine meadow 197.0 oo lsgens (5%
: 53.1 ' Danthonia cachemyriana(15%)
Viola biflora (15%)
_ ‘ Salix elegans (34%)
Alpine meadow 116.8 458  R. anthopogon (26%)

Danthonia cachemyriana (20%)

Trachydium roylei (29%)

o
<
:!2- Man-made walls 279.5 619  Ramunculus hirtellus (24%)
Parnassia nubicola (23%)
Trachydium roylei (39%)
Broken slope 710.4 593  Oxygraphis polypetala (19%)
Ranunculus hirtellus (%)
Oxygraphis polypetala (17%)
Danthonia grassland 281.0 607  Ramumnculus hirtellus (17%)
Danthonia cachemyriana (13%)
- Trachydium roylei (31 %)
Mixed herbaceous meadow 482.0 58.8 Ranunculus hirtellus (23%)
Oxygraphis polypetala (16%)
& Trachydium roylei (22%)
= j 19%) F Inc
5 77.4 Ranunculus hirtellus (
,r_-;: Rocky slope ' 479.1 Viola biflora (12%) g H
F Trachydium roylei (38%) ion !
23 711 Sibbaldia micropetala (32%) FG
Rocky forest edge oo ' Oxyaraphis pobypetala (20%) e
RS p &
------------------------------------------------------------- Trachydium l't?}'lei (53%2, ;‘:\b
6 66.9 Ranunculus hirtellus (33 %) zo ’
Q Broken slope 520. Viola biflora (11%) 2
% Potentilla atrosanguinea (3 5%)
—‘_—5, 1.7 36.5 Ranunculus hirtellus (14%)
N Forest gap With boulders 231 Fragaria qubicola (13%)
Jowest (0.33 * 0.33) at forest gaps with
: as 10w . Ky alpine mea-
- ance of pikas W une and rocky
:'Ttaherre i;cl)tvlvvfllrz(l)?gl]li:lt the study period. (b;ouk:eifrs1 1&1“, Fig. 2)- I Novexgber R
< oW “ 08 no EO
Juveniles were Observed.fronz) mgzlné(; 2007 and October’Npoc::ta;?iberDzegection
' t relative abUR™ : qeg were TI€ '
August. The highest retd Juveml el £ was found to be IN

at :
33 & 0.33).was found a probabillty

of juveniles (3. o e
sub-alpine broken slopes: while
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Table 2 - Main food plants and parts consumeqd by Royle’s pik
a.

Family Species P
Aspleniaceae Asplenium sp. leaf -
Asteraceae Anaphalis royleanqg leaf
Anaphalis triplinervis leaf
Jurinea dolomiaea leaf
Saussurea nepalensis leaf
Janacetum longifolium leaf and flower
Taraxacum officinale leaf and flower
Apiaceae Trachydium roylei leaf
Cyperaceae Carex setigera leaf
Ericaceae Rhododendron anthopogon leaf
Rhododendron campanulatum  leaf
Lamiaceae Prunella vulgaris leaf
Plantaginaceae  Plantago brachyphylla leaf
Poaceae Danthonia cachemyriana leaf
Poa sp. leaf
Polygonaceae Polygonum macrophylla leaf and petiole
Primulaceae Primula denticulata leaf and flower
Ranunculaceae  Oxygraphis polypetala leaf and flower
Ranunculus hirtellus leaf
Rosaceae Geum elatum leaf and flower
' Potentilla atrosanguinea leaf
Potentilla fulgens leaf
Sibbaldia micropetala Jeaf and flower
Sibbaldia cuneala lea;'
Scrophulariaceae Pedicularis pectinatd i::f and flower
Violaceae Viola biflora
inflaenced only by hesosccous peies  00ET G ng car S

richness (R? = 0.180, F = 10.516, d.f=
I, P<0.002). Therefore, in each sit¢ the
number of sightings during 2 survey
(relative abundance) can be a reasond”
ble surrogate of population abundance
in a general linear (multiple reg"ess_l,on)
model that incorporates as Site CO\’a“a“;
tes: (a) rock cover, (b) a}tittlde and ¢
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I‘OCk cover. - data/va[‘iables by the
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Royle’s pika in Western Himalaya

Table 3 - Mean relative abundance of Royle’s pika in different habitat types and altitudinal
a

ZONES.
Zone " Habitat mas]  Meanrelative
abundance + SD
Rocky alpine meadow 3650 352+134
5 Alpine meadow 3633 2.89+£1.26
=
':_th Man-made walls 3520 557+1.58
Broken slope 3444 3.52+0.97
Danthonia grassland 3400 2.00+0.43
Q Mixed herbaceous meadow 3300 3.62+0.70
Fé Rocky slope 3280 4.24£0.76
= Rocky forest edge 3200 4,67+ 1.46
. 9 Brokenslope 3150 6.05+1.29
o B
=]
9§ Forest gap with boulders 2900 2.29+0.48
:
g
'l oA
® ¥ Toeen 9 i houldent h lpine tim-
(e A i . fthe a >
; Seoues S0 £ Royle’s pika in different hal:ltfi;tr ?’(‘1’1%2807 - 111 2008 and
Figure 2 - Rel“tive.“b““dam?rgm X1 2007 to X1 2008 (excep
berline and sub-alpine zones
X 2008).

117

E Of




Bhattacharyya etal

Table 4 - Aver_age detection probability (P)
of Royle’s pika across different habitat

types-

Habitat types P
Rocky alpine meadow 0.571
Alpine meadow 0.640
Man-made walls 0.750
Broken slope 0.644
Danthonia grassland 0.667
Mixed herbaceous meadow 0.644
Rocky slope ; 0.744
Rocky forest edge 0.714
Broken slope 0.741
Forest gap with boulders 0.480
DISCUSSION

Royle’s pika density in the study area
was markedly higher than that in Nepal
Himalaya (12.5 ha'; Smith et al.
1990). There may be several factors
which possibly affect on the distribu-
tion and abundance of pika popula-
tions. Bunnell et al. (1974) reported
that the physical characteristics of rock
slides — mainly the size of the rocks -
and accessibility of their periphery af-

fect both the density and dispersal of

the American pika (O. princes)- Our

results suggest that both the amount of

rock cover and food availability are
main factors shaping the relative abun-
dance of Royle’s pika populations. Pi-
kas use rocky areas as both nest-sites
and temporary refuges t0 escape from
predators (Bunnell ef @l 1974). Ac-
cordingly, pika relative abundance Was
higher in man-made walls and proken
slopes in sub-alpine habitats, the.la.?ef
offering cover and higher accessibility
to food resources than alpine meadows:

In the alpi
ends most of the herbaceou: prlna(r)lrtl: (i)oen
come senescent. Therefore, pikas have-:
;01g§t an adequate amount of food in a
e & i
longed winter fo cPI) iy, i -
od scarcity.
Roy}e’s pika is a generalist herbivore,
relying on a wide variety of herbs and
grasses. Accordingly, its probability of
detection was found to be influenced
by the relative richness of herbaceous
species.
Our study suggests that Royle’s pika
reproduces only once in a year, as other
talus dwelling pikas.
This preliminary study represents a
basis for further research aiming to es-
timate the seasonal and habitat varia-
tion of pika abundance, which will al-
low us to better understand the popula-
tion dynamics of these high-altitude

small mammals.
ACKNOWLEDGEMENTS

The authors are thankful tg The Direc_:-
tor and Dean, wildlife Institute of India
for providing facilities and the Uttarak-

hand Forest Department for permission

this study and support.

lso due to Ishwari, Umed
in the field and

Sythirtha who helped in data analyzlrs‘;
The authors also thanks A.lefssa:lheir
Balestrieri and Sandro Lovarl orri t
valuable comments 01 the manuscript.

REFERENCES

B., Das
Alfred JR 5 n

06. Animals : ‘
2Z(zuological Survey of India. 236 PP

118

AX. and Sanyal AKX
dia: Mammals.

f Ind

tion (

.'l‘.'\_.(.:..l.




Royle’s pika in Western Himalaya

Altmann J. 1974. Ob_servational study of
l?ehav1our: sampling methods. Behay-
iour, 69: 227-263.

Bagchi S., Namgail T. and Ritchie M.E.
200§. Small mammaliap herbivores as
1'ne(11ators of plant community dynam-
ics in the high altitude arid rangelands
of Trans Himalaya. Biological conser-
vation, 127: 438-442,

Biswas B. and Khajuria H. 1955. Zoologi-
cal results of the “Daily Mail” Hima-
layan Expedition 1954. Four New
Mammals from Khumbu, eastern Nep-
al. Proc. Zool. Soc., Bengal, 8: 25-30.

Biswas B. and Khajuria H. 1957. Zoologi-
cal results of the “Daily Mail” Hima-
layan Expedition 1954. Note on some
mammals of Khumbu, eastern Nepal.
Proc. Zool. Soc., Calcutta, Mookerjee
memorial volume, 229-253.

Bunnell S.D. and Johnson D.R. 1974.
Physical factors affecting pika density
and dispersal. Journal Mammalogy,
55(4): 866-869. .

Champion H.G. and Seth S.K. 1968. A
revised survey of forest types of India.
Manager of Publications, New Delhi,
297-299, 404 pp.

Green M.J.B. 1985. Aspects of the ecology
of the Himalayan musk deer. Ph.D.
Thesis, Cambridge University.

Hoffmann R.S. and Smith A.T. 2005. La-
gomorphs. In: Wilson D.E. and Reeder
D.M., (eds), Mammal Species of th.e
world, 3" Edition. Johns Hopkins Uni-
versity Press, 185-211. ‘

Kawamichi T. 1968. Winter behaviour o_f
the Himalayan pika, Ochotona roylei.
J. Fac. Sci. Hokkaido Univ. Ser. V1.
Zool., 16: 582-594.

Kawamichi T. 1971. Da
social pattern of two
Ochotona macrotis an
served at Mt. Everest.

ily activities and
Himalayan Pikas,
d O. roylei, ob-
J. Fac. Sci.

119

Hokkaido Uni
i . Ser. VI Zool, 17

Mani A 1981. The climate of Himalaya.
In: Lall J.S. (ed.), The Himalaya: As-
pects of Change., Oxford Univ. Press
New Delhi. 3-15, 481 pp. ’

Rawa} G.S. anfi Adhikari B.S. 2005. Floris-
t!cs and distribution of plant communi-
ties across moisture and topographic
gradient in Tsokar basin, Changthang
plateau, Eastern Ladakh. Arctic, An-
tarctic, Alpine research, 37(4): 539-544.

Smith A. T., Formozov N. A., Hoffmann R.
S., Changlin Z. and Erbajeva M. A.
1990. The Pikas. In: Chapman J. A.
and Flux J. C. (eds), Rabbits, Hares
and Pikas: Status Survey and Conser-
vation Action Plan. The World Con-
servation Union, Gland, Switzerland,
Chapter 3, 14-60.

Smith A.T. and Foggin JM. 1999. The
plateau pika (Ochotona curzoniae) is a
keystone species for biodiversity on
the Tibetan plateau. Animal Conserva-
tion, 2: 235-240

Sundriyal R.C., Joshi A.P. and Dhasmana
R. 1987. Phenology of high altitude
plants at Tungnath in Central Hima-
laya. Tropical Ecology, 28: 289-299.

Tak P.C. and Lamba B.S. 1985. Nanda
Devi National Park: a contribution to
its mammalogy. Indian Journal of Fo-
restry, 8: 219-230. )

Thenius E. 1972. Phylogeny and evolution
of Hares, rabbits and pikas, In: Grzi-
mek’s Animal life Encyclopedia, 420-

421.

Thomas O. and
mammals of the 192

Expedition. Ann. Mag. Nat.
9:178-186.
7ar J.H. 1999 Bio:

Edition. Prentice
sey.531-533, 663 pp-

Hinton M.A.C. 1922. The
1 Mount Everest
Hist., Set

ostatistical analysis, 4t
Hall, New Jer-

.




= (e~

VI S =
e

— ﬂ\wz‘hE-. -

N s

b . - SO -

120



