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Abstract Small mammals play crucial role in
building up the ecological balance at high elevational
regions including Western Himalaya. The population
density of Himalayan Mouse Hare (Ochotona roylei)
was studied at high elevational areas of Madhma-
heshwar region of Uttarakhand, Western Himalaya.
Standard Quadrat method and focal sampling was
done for identification and quantitative analysis of
foraged plants. A total of about 20 plant species were
observed to be consumed by Himalayan Mouse Hare.
Cafeteria method was used for relative preference of
foraged plants. Highest food preference was shown
for Rumex sps. by Himalayan Mouse Hare with the
Rodger’s index value of about 8.20. Plugging tunnel
method was implimented for den activity estimation
and population density of Himalayan Mouse Hare.
Highest population density of 17.43 Ochotona roylei
per hectare was observed at an altitudinal gradient of
3200 m asl — 3500 m asl.
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Introduction

Family Ochotonidae within the Order Lagomormpha,
includes pika with a characteristic feature of having
four incisors differentiating them from rodents having
two incisors (Haleem et al. 2012). They are most ideal
mammals for field observation and experimentation.
Their habitat is restricted to, talus or piles of broken
rocks adjacent to abundant foraged vegetation. They
have characteristic vocalizations, diurnal and their
presence is indicated by two prominent evidences.
First is pile of small round droppings whether soft
or hard and second is the presence of dried plants
around their dens which they stored and used during
unfavorable environmental conditions (Millar 1971,
Smith 1974).

Social and semi-fossorial herbivore mammals
play an important role in grasslands throughout
the world and the ecosystem engineering and trop-
ic effects done by these mammals are useful for
maintaining grassland biodiversity as a result they
frequently plays the role of keystone species in these
ecosystems (Davison et al. 2012). They also influence
the microhabitat and plant communities composition
(Smith and Foggin 1999). It have been reported that,
in Indian Trans-Himalayas, plant species richness
and diversity was higher in the presence of small
mammal colonies (Bagchi et al. 2006). Pikas spread
from altitudinal gradient of 2500 m asl to 5000 m
asl in Western Himalaya, inhabiting talus, open
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Fig. 1. Location on map of study area.

rocky terrain and Rhododendron forests (Bahuguna
and Upadhyay 2008). Abundance and distribution
of Himalayan Mouse Have directly depends on the
availability of forage plant species (Bahuguna et al.
2017). In accordance with that herbivore and vege-
tation, are in direct proportion to each other: Effect
of abundance on one affects the abundance of other
(Morrison 2007).

Study area

Present study was carried out at one of the high ele-
vational region of Kedarnath wildlife sanctuary with
in the district Rudraparayag of Uttarakhand, Western
Himalaya. The intensive study was carried out around
Madhmaheshwar shrine along an altitudinal gradient
0f 2800 m asl-3800 m asl. The area is dominated by
number of herbs mainly by Rumex sps. (Fig. 1).

Materials and Methods
Foraged plants

Extensive survey for the presence of Himalayan
Mouse Hare was done firstly then, an area inhabited
by Himalayan Mouse Hare was selected randomly
for further study. In accordance with that behavioral
study was done by Focal sampling (Altmann 1974).

Standard Quadrat method was used for plant quanti-
fication (Misra 1968) and focal sampling was done
for identification of plants (Gaur 1999). Density,
abundance and species diversity were calculated as
following Misra (1968), Shannon and Weaver (1949),
Odum (1971) respectively.

Species diversity index (H) = pi In pi

Where, pi = ni/N, ni = Abundance of each species,
N=Total abundance of all species.

Total number of individuals
of a species in all the

quadrates
Density = x 100
Total number of quadrat studied
Total number of individuals of the
Abun- species in all the quadrates
dance = x 100

Total number of quadrated in which
the species occured

Population density

Den density, active, abandoned and inactive den count
was done by using plugging tunnel method (Sun et
al. 2008). Total observed dens were counted on first
day and then are plugged with hay, dry cow-dung or
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Table 1. Showing density, abundance and Shannon index value of foraged plant species.

Total
Total no. of
no. of Quad-
Quad- rat in
Bota- rats which No. of Abun-
SI. nical stu- species indivi-  Den- dance
No. name Family died occur duals sity (ni) pi=ni/N  pi*pi Shannon
index
1 Rumex ne- Polygona-
palensis ceae 30 24 177 5.9 7.375 0.2431 0.0591 —0.4959
2 Potenti-
lla lineate  Rosaceae 30 10 48 1.6 4.8 0.0659 0.0043 —0.2585
3 Potenti-
lla atros-
anguinea  Rosaceae 30 6 23 0.7667 3.8333 0.0316 0.001 —1574
4 Cotonea-
ster mi-
crophy-
llus Rosaceae 30 8 21 0.7 2.625 0.0288  0.0008 —0.1475
5 Frageria
nubicola Rosaceae 30 20 86 2.8666 4.3 0.1181 0.0139 —-0.3639
6 Caltha
palustris Asteraceae 30 5 13 0.4333 2.6 0.0179 0.0003 —0.1036
7 Rheum
webbi- Polygona-
anum ceae 30 19 44 1.4666 2.3157 0.0604  0.0037 —0.2446
8 Rubus
nepalen-
Sis Rosaceae 30 18 37 1.2333 2.0555 0.0508  0.0026 —0.2184
9 Cirsium
verutum Asteraceae 30 10 18 0.6 1.8 0.0247 0.0006 —-0.1319
10 Bistorta Polygona-
affinis ceae 30 13 32 1.0667 2.4615 0.0439  0.0019 -1980
11 Fragaria
daltoni-
ana Rosaceae 30 18 42 1.4 2.3333 0.0577  0.0033 —-0.2373
12 Acron-
ema ten-
erum Apiaceae 30 7 18 0.6 2.5714 0.0247  0.0006 —0.1319
13 Arnebia Borangina-
benthamii  ceae 30 11 25 0.8333 2.2727 0.0343 0.0012 — 1669
14 Clinopo-
dium um-
brosum Lamiaceae 30 11 19 0.6333 1.7272 0.0261 0.0007 —0.1372
15 Ajuga br-
achyste-
mon Lamiaceae 30 10 16 0.5333 1.6 0.022 0.0005 —0.121
16 Dantho-
nia cach-
emyriana  Poaceae 30 20 46 1.5333 23 0.0632 0.0039 —-0.2516
17 Gaultheria
nummula-
rioides Ericaceae 30 13 24 0.8 1.8461 0.033 0.001 -0.1622
18  Picrorh- Platagina-
iza kurroa  ceae 30 11 27 0.9 2.4545 0.0371 0.0013 —0.1762
23.8667 Ni=51.2712 —5226.18
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Fig. 2. Showing density and abundance (/m?) of some dominant
foraged plant species.

anything which can be easily removed by Himalayan
Mouse Hare. For the next two days opened dens were
counted and plugged repeatedly till third day. Count
of the first day was total observed dens and the av-
erage count of the next two days was average active
dens (Sun et al. 2015). Presence of spider webs and
absence of scat at the den entry were two prominent
evidence of abandoned dens.

In present study we counted number of den by
following the method of focal sampling at each
permanently marked spot in the study area. We ob-
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served that for one particular den there are minimum
4 and maximum 10 entry or exit points as they are
interconnected with each other. In relation to that we
recorded an average of 7 opening for each den (E,).

E

A

PD = Population density, E, = Estimated number of
active den per hectare, E, = Average number of open-
ing for one den. Population density is the measure-
ment of population size per unit area and abundance
refers to the relative representation of a species in a
particular ecosystem.

Food preference

Cafeteria method was implemented for the observa-
tion of food preference. Selection index of foraged
plant sps. was calculated using Rodgers index (Krebs
1999). Dominant plant species from Himalayan
Mouse Hare inhabited area was collected and spread
over a polyvinyl sheet in front of active den. The

Table 2. Showing the abundance of Himalayan Mouse Hare at different altitudinal zones of Western Himalaya.

Total Popula-
No. of No. of no. of tion

SL. Altitudinal active inactive observed density
No. gradient Spots den den den (PD)
1 2800 to 3200 m asl Spot 1 A, 20 4 24 13.28

A, 23 4 27

A, 24 5 29

A, 26 4 30

Total 93 17 110
2 3200 to 3500 m asl Spot 2 B, 25 5 30 17.43

B, 35 6 41

B, 30 6 36

B, 32 5 37

Total 122 22 136
3 3500 to 3800 m asl Spot 3 C, 30 4 34 15.14

C, 28 6 34

C, 25 8 33

C, 23 5 28

Total 106 23 129

Total 321 62 375

Average activity 107

Average inactivity 20.66

Total (PD) 45.85
Average relative abundance of Himalayan Mouse Hare for 15.28

Madhmaheshwar area/hectare
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Table 3. Showing value of food preference and Rodger’s index for different foraged plant species. Sp 1 = Rumex nepalensis, Sp 2 =
Potentilla lineate, Sp 3 = Potentilla atrosanguinea, Sp 4 = Cotoneaster microphyllus, Sp 5 = Frageria nubicola, Sp 6 = Caltha palustris,
Sp 7 = Rheum webbianum, Sp 8 = Rubus nepalensis, Sp 9 = Cirsium verutum, Sp 10 = Bistorta affinis.

Trial time Percentage of species foraged

Time (h) Spl Sp2 Sp3 Sp 4 Sp5 Sp 6 Sp7 Sp 8 Sp9  Spl0

0-2h 0.75 0.60 0.40 0.30 0.50 0.55 0.65 0.60 0.35 0.30

2-4h 1.00 0.70 0.50 0.35 0.60 0.65 0.70 0.65 030 025

4-6h 0.90 0.65 0.35 0.30 0.55 0.65 0.65 0.55 0.40 025

6-10h 1.0 0.70 0.40 0.30 0.50 0.70 0.60 0.50 0.55 0.35
Ai 8.20 5.95 3.65 2.80 4.85 5.85 5.85 5.15 3.60 255
Max (Ai) 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20 820  8.20
Ri (Rodger’s 1 0.72 0.44 0.34 0.59 0.71 0.71 0.62 0.44 031

index)

experiment was done for 5 marked spots, all are
equidistant from each other. Old plants were replaced
by fresh ones after every 1 h. The trial lasts for 10 h
and a day, during peak foraging hours (morning 6:00
h—12:00 h and evening 17:00 h—21:00 h) (Morrison
et al. 2004).

Results

In the present study different plants species (18
species) viz. Rumex nepalensis, Potentilla lineate,
Potentilla atrosanguinea, Cotoneaster microphyllus,
Frageria nubicola, Caltha palustri, Rheum webbia-
num, Rubus nepalensis, Cirsium verutum, Bistorta
affinis, Fragaria daltoniana, Acronema tenerum,
Arnebia benthamii, Clinopodium umbrosum, Ajuga
brachystemon, Danthonia cachemyriana, Gaultheria
nummularioides and Picrorhiza kurroa were observed
to be fed by Himalayan Mouse Hare (Table 1). Out
of total foraged plant species Rumex nepalensis was
found to be with highest abundance and density and
Ajuga brachystemon was found with least abundance
and density among the major fed species (Fig. 2).

Den activity and inactivity was ensured by spi-
der web and scat which are the two main markers
for den activity and inactivity. Population density
of Himalayan Mouse Hare was recorded as 17.43 at
spot 2 (3200 m asl — 3400 m asl). In average, relative
abundance for Madhmaheshwar area was 15.22 Hi-
malayan Mouse Hare per hectare (Table 2).

For food preference, highest value of Rodgers
index was observed for Rumex nepalensis with the

value of 1 and least value of 0.31 for Bistorta affinis,
which indicated that the most preferred foraged plant
by Himalayan Mouse Hare was Rumex nepalensis
and least prefferd foraged plant was Bistorta affinis
(Table 3).
Ai
Rodger’s index Ri =
max (A7)

Where, Ri=Rodgers’ index of preference for cafeteria
experiments for species i, Ai = Area under the cumu-
lative proportion eaten curve for species i, max (Ai)
= The largest value of the A.

Discussion

Small mammals play an important role in grasslands.
The ecosystem engineering and trophic effects done
by these mammals are useful for maintaining grass-
land biodiversity as a result they frequently plays the
role of keystone species in these ecosystems (Davison
etal. 2012). The local flora of inhabited area is strong-
ly ifuenced by their presence (Bagchi et al. 2006). In
accordance with that, in present study we found that
population density of Himalayan Mouse Hare was
highest with in an altitudinal range of 3200 m asl —
3400 m asl. Using the technique of cafeteria method
(Morrison et al. 2004) followed by Rodger’s index
(Rodgers and Lewis 1985) we found that the most
preferred food by Himalayan Mouse Hare in present
study was Rumex nepalensis and least preferred food
was Bistorta affinis with Rodgers index value of 1
and 0.31 respectively.



As plateau pika plays a crucial role in different
ways to increased functioning of the plateau eco-
system. In different ecosystems, fussorial animals
(including the prairie dog of North America) may
act to increase primary plant productivity which re-
sults in the formation, aeriation and soil mixing and
enhancement in the infilteration of water into soil
(Hoogland 1995, Kotliar et al. 1999). In present study
the density of Himalayan Mouse Hare was higher
than that in Nepal Himalaya (12.5 / ha, Smith et al.
1990) and was in accordance with that in tungnath
area of Uttarakhand, Western Himalaya (15.3 / ha,
Bhattacharya et al. 2009).

Present study indicates that the plugging tunnel
method for calculating Himalayan Mouse Hare
population density was also applicable by counting
total den, active and inactive den. Highest of active
den count (122) was observed at altitudinal range
of about 3200-3400 m asl possessing with highest
no. of Himalayan Mouse Hare density (17.43/ha).
However the relationship between pika and the total
den count (Pech et al. 2007) was not appreciable.
The cause may be that large variations in relation to
microhabiat, food abundance and habitat utilization
were shown by pika (David 1973).

Findings of our study will contribute to the fur-
ther bigeographic study of Himalayan pika because
it plays a key role in population dynamics study of
Himalayan Mouse Hare and its conservation status
in Western Himalaya.

In conclusion, We demonstarated that the
abundance of Himalayan Mouse Hare is directly
purpotional to foraged plant abundance, higher the
abundance of foraged plant higher is the population
density of Himalayan Mouse Hare.

Acknowledgement

The study was supported by G. B. Pant Institute
of Himalayan Environment and Development Ko-
si-Katarmal, Almora 263643, Uttarakhand, India, For
funding assistant through project NMHS/2015-16/
SG06/06. The author Siddhant Bhardwaj is grateful

841

to University Grant Commission, New Delhi for
providing Senior Research Fellowship. Prof. M. C.
Nautiyal (High Altitude Plant Physiology Research
Center, HNBGU, Srinagar Garhwal) for foraged plant
samples was also highly acknowledged.

References

Altmann J (1974) Observational study of behavior: Sampling
methods. Behavior 69 : 227—263.

Bagchi S, Namgail T, Ritchie ME (2006) Small mammalian
herbivores as mediators of plant community dynamics in
the high altitude arid rangelands of Trans-Himalaya. Biol
Conserv 127 : 438—442.

Bahuguna SN, Chowdhary AK, Bhardwaj S (2017) Habitat
preference and forage selection by Himalayan Pika
Ochotona roylei at high altitudinal zones of Chopta
Tungnath, Western Himalaya. Int J Zool St 2 (6) : 264—
268.

Bahuguna SN, Upadhyay M (2008) Geographical distribution
of Himalayan Mouse Hare (Royle’s Pika, Ochotona
roylei, Lagomorpha) in Garhwal Himalaya Uttarakhand
India. Int J Biosci Rep 6 : 409—417.

Bhattacharya S, Bhupendra SA, Gopal SR (2009) Abundance
of Royle’s Pika (Ochotona roylei) Along An Altitudinal
Gradient in Uttarakhand, Western Himalaya. Hystrix
It. I Mamm 20 (2) : 111—119.

David PB (1973) Territorial and Foraging Behavior of Pika
(Ochotona princeps) in Montana 89 : 202—220.

Davison AD, Detling JK, Brown JH (2012) Ecological roles
and conservation challenges of social, burrowing, her-
bivorus mammals in the world’s grasslands. Front Ecol
Environ 10 (9) : 477—486.

Gaur RD (1999) Flora of district Garhwal: North West Hima-
laya (with ethno—botanical notes), Srinagar (Garhwal).

Haleem A, Ilyas O, Syed Z, Arya SK (2012) Abundance and dis-
tribution of Royle’s Pika (Ochotona roylei) along diffe-
rent altitudinal ranges of Kedarnath Wildlife Sanctuary,
Uttarakhand Himalayas. Ind J Environ Sci Toxicol and
Food Technol 1 : 13—16.

Hoogland JL (1995) The black-tailed prairie dog: Social life of
a burrowing mammal. University of Chicago Press.

Kotliar NB, Baker BW, Whicker D, Plumb G (1999) A critical
review of assumptions about the prairie dog as a keys-
tone species. Environ.

Krebs CJ (1999) Ecological methodology. Addison Wesley
Longman Inc, Menlo Park, Calif.

Millar JS (1971) Breeding of the pika in relationship to the
environment. PhD thesis. Univ Alberta, Edmonton, pp
94.

Misra R (1968) Ecology Work Book. Oxford and IBH Publish-
ing Company. Calcutta.

Morrison S (2007) Foraging Behavior and Population Dyna-
mics of Collared Pikas, Ochotona collaris. University of
Alberta, Edmonton, Canada (PhD thesis).

Morrison S, Barton L, Caputa P, Hik SD (2004) Forage selec-
tion by collared pikas, Ochotona collaris under varying
degrees of predation risk. Canad J Zool 2 (4) : 533—540.



842

Odum EP (1971) Fundamentals of Ecology. 3™ (edn). WB
Saunders Company. Philadelphia.

Pech PR, Anthony Jiebu, Arthur DA, Yanming Z, Hui L (2007)
Population dynamics and responses to management of
plateau pikas Ochotonba curzoniae. J Appl Ecol
44 : 615—624.

Rodgers AR, Lewis MC (1985) Diet selection in arctic lemm-

ings (Lemmus sibericus and Dicrostonyx groenlandicus)
food preferences. Canad J Zool 63 : 1161—1173.

Shannon CE, Weaver W (1949) The mathematical theory of
communication. 1% (edn).University of Illinois Press,
Urbana IL.

Smith TA (1974) The distribution and dispersal of pikas: Conse-
quences of insular population structure. Ecol 55 : 1112—
1119.

Smith AT, Foggin JM (1999) The plateau pika (Ochotona cur-

zoniae) is a keystone species for biodiversity on the Tibe-
tan plateau. Ani Conserv 2 (4) : 235—240.

Smith AT, Formozov NA, Hoffmann RS, Changlin Z, Erbaj-
eva MA (1990) The Pikas In: Chapman JA, Flux JC (eds).
Rabbits, Hares and Pikas: Status Survey and Conserva-
tion Action Plan. The World Conservation Union, Gland,
Switzerland Hystrix. It ] Mamm 20 (2) : 111—119.

Sun F, Chen W, Liu L, Liu W, Lu C, Smith P (2015) The den-
sity of active burrows of plateau pika in relation to bio-
mass allocation in the alpine meadow ecosystems of
the Tibetan plateau. Biochem Syst Ecol 58 : 257—264.

Sun F, Long R, Jiang W, Guo Z, Nie X (2008) Alpine Meadow
plant community biomass and soil bulk density characte-
ristics in different burrowing rodent density plot in the
three river headwaters regions. Acta Pratacult Sin 5 :
111—116.



