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Claim of originality and contribution to knowledge.

!

This is +he first comprehensive study nf the

[N
14

Murree vole, Hyperacrius wynnei, since its discovery in
1881, on morpholeogical adaptations, Aistribution in Galliat,
_feeﬁing'habits, factors controlling its Thabitat, burrowing
é@ﬁév;tigs,_ reproduction. population structure and
3Pé¥é$i£é%;;.. Thé pest status has Dbeen evaluated, Thé

ffihfafmé§i§ﬁ will be helpful in the management of this

species.
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RBSTRACT

Ecology of the Murree vole, Hyperacrius wynneil ,was

.studled -ln Galllat fyrom 1985 to 1989. Being entirely

jfossorlal fthe head is massive with short neck. Body 1s
ﬁ;thlck and cylindrical with short tail, small ears and_small
 but strong fore- legs. Eyes are tiny with limitted vision.
”-f@f Var1ab111ty in body wexght, body length and tail length was

f”f[more.or less remained the same 4+hreoughout the study period.

The Murree vole -was well distributed in Galliat

"';;?andlwas found fram 1830-3050 mw elevatiom, being quite
-ﬁfébundént in. the grass, cultivated and ahandoned Fields. Soil
-:'Ez.f.é-,_'texture, depth of the top soil, 8rass, topography and
“ af3P¥e§en°e of rocks influenced its spatial distribution;
'*%ﬁffDiStribP?ion of the vole corresponded roughiy with siiver
="".".:_"1:‘5.:'14:;..':jI‘*!:. lived in colonies and excavated an exteﬁ%iggg‘
f  ystem of shallow galleries spreading over more than 400 «f .
ﬁﬁlThe burrow system served for shelter, protection from
’W*;enemles,_as o mesns of obtaining food and as 2 place to rear
'iﬁyoung ones. The burrowing activities were related %o

 ra1nfall

The Murree vole is a generalist feeder; fragments

. of 22 speules of herbs and one of shrub were jdentified from

its stomach aontents. During winter it mainly fed on the
‘park of the shrubs. Tall plants were preferred over small

ones.



v
_ 'ffﬁe Murree vole did not hibernate and bréd

' fhrgughout_the year, the pregnancy rate being low (36.65%).
ﬂfzﬁigﬁificantly high and low pregnancy rate was found in

fi September-October and November-December samples of 1985

. respectively. Litter size was small (1-4), usually 1-2, and

.x   dﬁring.November—becember, all +the females bhad only one

fizémpryé; 'Pfenatal mortality was very low (5.34%). There was
:E ;ﬁ6.¢ﬁaﬁga ih the mean testes length in different seasons.
o ”Ih adnlts, sex ratios did not deviate from normal
f_éei.ratio (1:1). The juvenile showsd imbalanced sex ratios
j.skewed towards males, suggesting meore mortality of voung
males during development. The major portion of the
popﬁlations comprised of Jjuveniles (28.4%): There was  no
significant seasonal difference in the mean:body weight.

| One species of nematode and one species of
bentastomids were recorded. Fleas and mites were «uite
common in monsoon season. The only apparent serious predator
was domestic cat.

The Murree vole is a pest of malze, potatoes and
apple trees. About 4.0% of maize plants were damaged by the
Avole. while damage to potato ctops was 6.8%. It fed on the
‘bark of the apple tree and destroyed about 6.0% of the

trees.
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CHAPTER~-I
INTRODUCTION

?ossorial mammals evolved as early as paleocene

R b i 2

(Webb, 1977}. However, iﬁ@ressive open country adaptations
in rodents avolved only 1in the Mlocene, tn the Plio-
pleistocene the climatic conditions were drier which
resulted in a decrease in wood-lands and extension of grass

iandu, steppes and deserts. Desert conditions caused

ma581ve exLinctlon of large ungulates and survival ol small

"{to medlum—51zed xeric species. New adaptive radiations of

small ffossorlal rodents Eollowed, including cricetids

bt U AL g

{voles, hamstels, and their relatives) in the pliocene ana
'spalacids (Mole rats) and ctenomyilds (tucotucos) primarily
in the pliestocerne {Webb, 1977).

Fossorlal roﬁents are found onh all the continents

wﬂ, i i 1

except Australla (Andersen, 1987). Hypelaallus wynnei
{Family cricidae; ;subfamily Microtinae) is ar £oqsor‘a1
micxotine, lwell adapted to livéﬂnéﬁ nigh altitudes in
Paklstan It is larger és compared to other microtines and

' has_llmlted distribution in the North West Himalayas.

7' Hyperacrius wynnei wag first described by

Blandfotd (1881), from cotypes obtained near Murree, asg

Arvicola wynnei. True (1894) named the second gpecies of

Hyperacrius as Arvicola fertilis from the specimens obtained

 from 'Pirwpingal Mountains of Kashmir. Miller (1896)




2

" proposed Hyperacrius as a - subgenns of Microtus. He

fdescribed thﬂnéw species,‘ﬁiéggigéu(ﬁ§§éfééfiﬁé} alchisoni,
:lan the basis of a spemime;; m;;ith crushed skull) from
Gulmerg in-- the Pir—pingai " mountains and Microtus
iﬂyggxgg;iugl brachelix based on the specimens from MNagmareg,
Kashmir in 1897 ahd 1599 respectivel?. Hinton (1926)
studied the specimens of wypnei in the British Museum and
raised the status of this subgenus to generic level.
According to him, peracrius differs  from Miorotus in
cranial features. It was his opinion that Hyperacrius
represents a highly specialized off shoot from +the genus
‘P_; ._4Ellerman (1961) differentiated‘ Hyperacrius from
..hiﬁigglg.by the presence of a prominent orbital ridge, which
©.is lacking in Alticola. Philips (1969) reviewed and further
zidjVidéd wypnel into sub-speciesx, The small individuals Erom
;the-.west bank of Indus, he npamed H. wynnei wynnei and

“largest individuals from the eastern side were named H.

J@fﬁxgggi'gxggpi. He oonld not £find any apparent qualitative

morphological difference between the two sub-species, but

two can be easily differentiated, on the basis of size and

'-ﬁ;specially on some cranial dimensions. Roeberts (1977) ztated

“that Hyperacrius differs From tigola on  the basis of
numker of mammae. Hyperagrius has six mammae as compared to
Aticola having eight., According to Hinton (1926) Hyperacrius

represents a highly specialized offshoot from Rlticolas.




Eilarman {1961} endorsed Hinton's view and stated
| :_ef iug was derivative of Alticola that had becomne
hiéhly specia1ized for fossorial life.

| Hinton (1926) listed Murree as the +type locality.

'”Philips (196%) suggested that Murree itself is possiblly too

*low:elevation_tm be the type locality,. Boccording to him
"qotype might had obtained higher in +the Murree hills and

. suggested a restricted range between 1950mand  2500m,

‘whersver suitable habitats exist. The university of
Marryland expedition collected +this species from Murree,

ﬁungagali, Nathiagali, Thandiani, Shogran in Hazara district

and Shangla and Yakhlundi in Swat (Traub and Evans,1957).
However they were unable teo trap this species from the uppelr
: Himalayan‘region. Roberts (1977) reported this species quite

abundant in the Muarree hills. He also stated that this

species has not been reported ontside Pakistan.

| The apparently restricted and patchy distribution
of Hyperacriug was discussed by Traub, et al (1967) on the
basis ‘of distribution of Rickettsia of scrub typhus, its

associated vectors and endemic host mammals. Aocording to

them the Murree vole alongwith its ectoparasites had
continuous distribution in coniferous forest in the late
_  ,Rliacene. This continuous distribution was disturbed by the
"efﬁiﬁghgayal that formed the Himalavas and subsequently vast

. desert areas like Gilgit. They supposed that Hyperacrius is

[ ———



"f_¢axma1aya5.:

-;3ﬁa relxct specxes rpstrlcted to suitable habitats in ’ﬁﬁé“:ﬂ;

Tha_ isolated ecological ISlanda formed in the

;flate Elxocenp are found on the xeric northern slopes of the

_5Wastern Himalayas. Philips (196%) pointed oubt thabt

in many other places, when

.'-_Hg;_mgxingwould be found
addxtlonal studies are made.
Hinton (1Q’b) quoted. from the field notes of H,H.
. :Dun as follow "wynnel . has mole like habits and is found in
: fthe Erassy. bré;;éngm~the pine forests". Later on this
 ihfmrmati0n was repeated by many authors including Walker
'{1964) and Philips (1969). But acecording to Roberts (1977)
this'vdlé-is exclu@ibélY“, herbivorous and feed on a number
';of'plants. undel ground stems and roots. He also briefly
re ported the blOlOgY of ' the Murree vole. According to him
"the Murree veole excavates extensive system of shallow
tunnels and due to its fossorial habits the seasonal

temperature does not influence the animal. It is active

 fthe Murlee vole pccuplies the same ecological himﬂﬁgiu thefﬁ

:ﬁﬁlmalayas as “the snow vole M;g; otus nivalis in the Northern -
“T.Eutqpe.” Females. most probably, produce two 0¥ thlee“.
"‘litters in surmer and each litter comprises of two or three

‘ygungs (Roberts, 1977; Beg and Hussain, 1990).

rthroughout the year and does not hibernate. He stated that =
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Philips (1%6%) studied +the Zoopgecgraphy and

_ecoiogy of Hyperacrius. He agreed with the finding of Traub
et ﬁiC%IQGV)'and Traub and Evans {1967) that this wvole 13 a
rellég species and it had continucus distribution before the

"formatlon of the Himalaya range. He further suggested that

”f}ffurther restrlcted range af EXLQ&@LL;JQ He further '5tated

:that :5ubspeb1at10n in both H. wynnei and ﬁ. fertilis is
related to their‘restriction to suitable habitat and some of
the physical bariers. He also reported that two species of
Hyperacrius do not only differ morphologically but alsco they
aha#e different ecological requirements,. Taxonomic and
zoogeographic distribution of fleas can be c¢orrelated with

 th¢_ systemat az  of these voles. Philips (1969) also

'ﬁ1{f obberved a hlgh proportion of ubadults in the Murree vole.]

EREnE Rober x.(1977) pelnted uut that where this vole ig:'
riafﬂund it is_quita plentiful but very little cultlvatlmn_is '
F%fdone ‘in’ ﬁhé#é'afeas. According to him the Murree vole is
- not of any economic importance and do some damage to
7[potatoe5.énd a15o gnaw the bark of the apple trees. However
ﬁfRQherts fih_"(1981), and alsc Beg and Hussaln (1990}
jigonsldered thlb 5pecies‘ to‘be 5erious pest of grple trees.
f”;quﬂxdﬁqg;tQ_Roberts (1981), in Sirri (Manséhra Diéﬁridtff  a
'fgrmép'lp$t'his entire apple plantation due to this vole}

: R§hexts"(198l} and Khan (1990} suggested control measures

:compet&tlon w1th othexr mlprotlnes alsoe could account  for: o



"ﬂ for the protect1on of apple trees.

Traub':et al. (1967) reported eleven species _6f

”me1tes from the Murree vole 1nc1ud1ng four new species and

.:.".“i:.r‘ecovefed the R’[Cke‘ttS"a Of SCF‘Ub typhus from the mites of

" poth the species of Hyperacrius, Prior to their studies the

”H R1cketts1a .psupsugamush1_ was unknown from the h1gher a1p1ne._

n~fe}eyatiphx“and coniferous forest of Pakistan. T:ob1cu11d

f?_hités'bf genus Leptotrombidium are considered to be the

ector of the Reckettsia of scrub typhus. Thirty three-

' fﬁ*percent of +he chiggers report»d from the Murree vole were

' Leptotromb1d1um tithwalenbe, Traub and Evan (1867) reported

. three -species of fleas including Paleopsylla setezi,

xenodaeria telios and Stenishia sp. from this vole.

The Murree vole has not been studied mainly for
two reasons (1) 1imited accessibility to some of the areas
where the vole is found, and (2) its fossorial habits. I n

view of dinsufficient knowledge about the Murree vole

" (Hyperacrius wynnei), the present study was undertaken to
provide information on the ecology of this vole pertaining
to its management. The specific objectives of the present
study may be outlined as follows:

1 To study morphological adaptations.

2. To examine variability in different body trajts.




To study its distribution in the calliat,

To examine its feeding and burrowing hébits.

To determine the factors controlling its habitat.
To evaluate the breeding habits and population
structure,

To study temporal changes in body weight.

To asses its pest status.

To investigate its parasites and predators.



CHAPTER-II
STUDY AREA

. .The . investigations - were conducted in Galliat area

(Fig.I) 1lying between 33°-56' and 3£-21', 72°-55' and 73-

';{ 22‘fin Abbottabad district of Hazara Division, North West

‘Frontier Province, Pakistan. BSurvey for Yyest studies was,
however, extended upto Murree town. The area is mountalnous
having a main ridge running from north-west to south-east

and steep slopes inte;spersed by deep nullahs.

A. CLIMATE

.Q'Q:lé$t$ ”qpto_thé end of March with snowfall from end of .

fg Deqémb¢f tp middle of March. The winter rains extend upto

'ﬂﬂfiaﬁril;-sroﬁ. the end of May to middle of July the weather

”[remains dry. The monsoon rains, usually, start in July and -

””?Lfconpihﬁe.dpto middle of September and thereafter the winter

sets in.

. ..  Thé__average data on rainfall, »temperature and
lfl#hb%ﬁﬁil'féfl 1§ years i.e from 1971 to 1984 are_given ;in':
'f_?ﬁppgﬁdixf;. Tha annual rainfall is reasonably good and bulk .

”WfOffiéihfali;'precipitates- from July to September. The -

 :J Wetté5t yééf was 1978 with 1578.8 mm rainfall and 1972 was

*ﬁ_theT:driest “year with 1024.34 mm of rainfall. The

The cold season starts from early November and



SCALE
meleey 1090 (l) i ? ‘-'3 K.Ms.

Fig 1. Map of the study area: Ba - Bangnotai‘; Bg- Baragali;
"Bn' - Barian; Ch - Changlagali; Dg - Dungagali; Gd -
Ghoradhalka; Kb - Kalabagh; MKy - Kozayali; Kh - Khairge
Kp - Khanuspur; Ku - Kundla; Md - Mochidhara; Mj -
Miranjani; Mp - MuKshpuri; Ng - Nathiagali; Pl - Pipel
' Ta - Tauheedabad.
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f:taﬁperatuxe was minimum in January and maximum in June. The
:highest maximum hemperature (25.8°C) was recorded during

June,_l??Z.‘ The lowest temperature (~0.8 C) vas recorded
.'3uring January 1975. The heaviest snowfall, (707.6 mm) wWas

o recorded in 1976 and the lowest (230.34 mm) in 1971.

B. THE FOREST

The whole area may be labelled as forest. Though
sqﬁg slopés aré devoid of thick vegetation. Forest is vexy
variaﬁle;in composition, quality and density. It varies with
aspect;'.elevatlon, situation and intensity of grazing.

'"Broadly 5peak1ng, it falls into following three main clagses

' ?  {baﬁ3d on predominant trees).

“i. . '8ilver fir forests.
7 ii. ‘Kail forests.

" 4ii. Chir Forests.

N PO [Sllver fir forests
| gilver Eir forests predominantly occur on the cool
.aspects of elevated peaks. such as Kalabagh, Nathiagali,
- Dungagali, Ghoradhaka etc. The principal species 1s Silﬁer
| fir (Abies pindrow) mixed with some Dblue pine, (Pipnus
‘ i£K£§l&§). Both silver fir and blue pine are mostly middle

: , f¥aged or younsg with some scattered old trees. In addition,

barunsl (Qmm.&&ﬁ m&m}."hor se chesnut (Asculus indica),
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f’:birdcherry {(Prunus cornuta), maple (Acer caesium), vyew

 {Taxus baccata), walnut (Juglans regia), are scattered 1n
the overwood.
In the under growth, gutch (Viburnum sppP.) Grows

profusely. It 1is mixed with simlu (Barberis lycium), wild

rose (Rosa coschata) and (Rubus spp). The important ¢l imber

is ivy (Hedera halix).

$i. Kail forests

Below the fir zone, kail (Pinus excelsa)

quredom1nates. Broad-leaved trees mantioned in the previous

'::sect1on occur scattered individually or in small’ patches in

_;the overwood The forest is mostly youndg or middie~aged but
' some popTar and oaks found at high altitude are old. “Kail

ancroach upon the fir areas at high altitude and chir (Pinus

_ roxburghi€) at the lower elevation. It appears that after a

":iféw_“yeéré #t may invade the locality and push fir further

-fféboye_and-chir below in the form of fringes.
“The undergrowth is dense 1in depressﬁons and thins
'qouf gradqa11y as onhe moves upwards., It consists chiefly of

Berberris lycium mixed with other species mentioned above,

T94. Chir forests

Oon the southern slopes and lTower elevation below

Baragali, chir (Pinus roxburghii) predominates. In

protected places, it is associated with Querus incana. Pyrus
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pashia and Kangar (Pistacia eggrima) are also present.

The under-growth is thin or absent, It conszists chiefly of
kakal (Myrsine africana) mixed with B. lycium and anar

. (Punica grapatum).

C. GEOLOGY

'Geological formation of the Galliat has Dbeen

-ffaffeuted by the mountain building movements which gave rise

?ﬂ;t the Hlmalayaa. Stratigraphically the pre-Eocene are

*3;Lonsplcuously rebognlsed They consist of a series of lime-

"ff stone and’ slateb, lntruded by fullated biolite amd granite

 ; ;q_;heJ ngth~9astern limits of the study area. Metamorphlb__'
ff:Série§  of -phyl1ites schists and granites  0§0&: towéxds
'fznorthern ﬁﬂfpéfts{ Lime 'stdnes and qu%rtblt s of
1.permuuarvon1ferous and cretacecus age form a part of
lf01mat10n pa&SIng through Thandianl Range Grey and Purple
::fsand_stones with red and purple shales veined by calcite and
rich deposits of soap are of common occurrence in Galliat,
particularly in its western parts. The fossil records show
' that earlier beds in the mountain were deposited in somewhat
brackish environments as compared with the later ones.
Coar e and upgraded sand stones show that the sediments must
have been brought down by rapidly flowing large masses of
water and laid down in a wide depression of shallow water on

a swampy area.
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:5011 formpd by d151nfegratlon of shales and saﬁa;

"tffstonps lS leaahed free of lime to a vaxylng depfh It is
'. _dark brown in colour, silty-clay or clayey in texture. It
..is géﬁerally shallow, dry, sterile on hot aspects and deep

slopes but thick on +he northern slopes and in protected

situation, where it is richer due to the admixture. Soil on

- t+he whole has deteriorated considerably due to overtfelling

and denudation of forests.

D. ANIMALS

”_”"‘ - In addition to the Murrees vole, the other mammals

found in Galliat forest are Himalayan palm _civet.(Paggma

larvata), Leopard cat {Felis bengalensis),'Leopard (Panthexra

- paxdus}, Red fox (Vulpes wulpes), Pine Marten (Martes:

- flavigulal, Rsiatib jackal (Canis aureus), Himalavan black
bear (Selenoracteos thibetanus), Rhesus monkey {Macaca

__W), COMmMMOnN whitﬂ-'t:oothed shrew (Crecidura magssulal,
-iRoof 1at (Eg;;g“ xaftgg), FlPld mouse (Apodemus 2L3g+1ggs}
’House mouse (Mus musculug), ciant rTed flying sguirrel

(Eﬁxghgggxm petaurista)l, Small Kashmir squirrel (Hylopetes

ﬁémlegmgg) and porcupine (Hystrix indica).



E. GROUND FLORA

Thp Galliat are very rich in ground flora. 1In

'fsprlng and summ91 almost the whole ground is covered by +he

e :_:."-'.'RPP?“d_.”““II‘ .

’harbaceous piants. The most important specles are given mn B
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CHAPTER-III

MATERIALS AND METHODS

‘The investigations were mainly carried out in

'”f“Dthéga1i' and Nathiaga1i and their surroundings. - fThe

Lfgoccurrence of the Murree_ vole has been studied both . in the

“?f;v111ages ‘and along the s1de5 :of the main road. some

ffobservations were also made on some tracks in the _forest.
" The study area was visited once a month from 1985 to 1989,
| in the beginning, both snap and gopher traps were
'_fuéed 'to capture the vole. Snap traps were set_in fhont 6f
“,;the burrow entrance, after removing the excav&ted.:sqfﬁ._
Djfferent_types of baits 1ike vegetables, fresh fruits and
id?y ffuits.were used in énap traps but potato proved to be
:  £h§ .besf one. Being entirely fossorial, no vole was caught
in traps placed a little far away from the burrow entrance.
" Gopher traps were set inside the burrows after widening the
burrows, because the diameter of the burrows was smaller
+han the Gopher trap. The traps were visited in the morning
and evening. As the efficiency of the two traps was the
same, snap traps were used because they were easy to
operate.
1+ is difficult, by snap trapping, to obtain data
‘comparable for different habitats, vyears and seasons,
stickel (1946) pointed out that data obtained on small

rodents by snap-trapping usually differ greatly from true
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' dgn5ity values., Kalela (1957) used +rap lines in his
investigation of Clethrionomvs rufoconus. This method is
good enough' for studying the relative abundance of a

~ species. According to Tast (1966) this method could not be
.used for those rodent species which occoupy ecologically

restricted habits and live in colonie

th

" To trap the vole alive, Sherman's traps were used

but without any success. A special trap was designed for

this purpose. The trap (Fig. 2A,B) comprised of a

polyvenyle pipe (12 cm in length and 4 cm in diamter) and an
ordinary paper clip, whose one side was removed, was fizxed
on one end of the pipe by a screw‘(Fig.BC.D). The other end
was‘closed by a sliding door.(Fig.zE). Just near the sliding

~door a hook (wire, two inches in length was bent at both the

ésﬁéi;ﬁa$ p1a¢ed (Fig.2F). A nail 10cm in length was used -
'”5ﬁ?i£§iééfﬁhé front door and other end was placed under the

i _§§§#5;L§¢Q¢r énd of the hook was used for the bait. |
R The wvoles were caught successfully in this trap.
”Bgt the wvole appeared very sensitive to the climatic
'1-cbnditions like temperature and rain. Most of the voles
died due to vwvery low temperature at night or high
temperature during the dJday. Moreover setting the traps in
the Ffield was very laborious Jjob and required quite a few

': peop1¢ to place the traps in the field. 5o attempts to trap

© - the .wole alive were abandoned.



Fig 2. Trap: A = Trap in set position; B - Trap in
sprung position; C and D - Front plan E - Posterior
plan; F - Hook for bait and holding front door.
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‘in the fossorial ‘mammals the amount of seil

'"}éxcavated‘is related to the numbexr of the 'animals' (Davis

'75f énd,Winétead, 1930). Signs like burrows, tracks, faeces and

_”.dens have been uspd qumta suvwessfully for thp measulement

f:of the mammallan density (Davms and Winstead, 1980).  The
_iﬁrelatxve. denSLty of +the Muxrree vole per unit area Was
 A?est1mated by countlng the burrows with chavated soil in
-ffgkugust, when the excavation ackivity was at its maﬁlmum
- '_' - The Murree vole collected by gnap and gopher traps
‘wére: brought te the laboratoxry in polythene hags and the
- information on date, location, weight, total length tail
léﬁgth hind kfoot length and ear length from notch was
B recoxded for each specimen (Appendix II1). ALl the
_sp%plmens were autopsied to determine reproductive status

baﬁed on the following characteristics.

e t
1. Lactation: lactating or not
- 2. pubic symphysis: closed oxr open

3. Vaginal orifice: perﬁoratad or not
L. Placental scars: presence and their numbex
Enbryos: presence and their numnber

Uterus condition: normal or enlarged
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Male data
1. Testes: scrotal or abdominal

2. Average length of the testes.
3. | Epididymal tubules: visible or not

Stomach contents were analyszed by the technique
similar to those of Dusi (194%), Hansson {(1970) and Williams
(1962) with little madificationé. " Stomach was cut into two
pieces and was transferred into a-funnel having guaze of

fine mesh. All the procedure from washing to staining of

the 5t0mach contents was done in the plastic funnel because
 1 it:Qésf¢§$f-,to ﬁandle the materials and the narrow end of
_,fﬁﬁé;fuﬁﬁ§i é§ﬁ1d be easily blocked with a wooden piece. 'Tﬁ&'.
";sﬁbﬁﬁéhf ¢Qntent5 were dried at rvoom temperature and were
_¢ﬁé§éfétéd lﬁith'S%KOH and washed. The washed material was

" kept in sodium hydrochloride (NaHC1) for 2& hrs which served

as bleaching agent. The bleaching agent then was removed by
washing with cold water. The contents were stained and
mounted in Berlese Media. The slides were dried on hot

plate for several hours. Two slides were prepared from each

,stomach content. Reference slides were similarly prepared.

pots were examined

]

" ifwith“.a 10X10 ocular grid to divide each spot  into 100

1

'”fl?squares,_jThe total number of squares in the combined 10
aspots_dccupied by a given item, divided by the total squeres

o peoupied by all  the components, gave the relative . percent
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'fg-vqlume of that dietry component.

The burrowing system was studied by excavating the
tunnels. Five burrow systems were partly excavated but not a

single system was entirely exposed. The burrow system proved

to be extensive and after hours of digging and following
about 433 meters of the tunnels, the efforts at excavating
ﬁhe.whole system were abandoned as the burrow system was
.. finally lost in the trees and the shrubs. During excavation

. ‘a wood stick was inserted into each tunnel ahead of shovel

'*a;t¢j fa¢ilitate tracing its course but still sometimes the
ﬁgfﬁgéékﬁdf £he.£ﬁnnel was lost.

| *_To_;observe burrowing activity, eight plots of
:ff?éqq%11 1éngﬁh tlDXSm) wers seiected. A1l the excavated soil
‘ﬁ:? wa§ :émﬁvaﬁ .andlthe volume of excavated soil was measured
.ii.eacﬁxjﬁonth.

..‘.=: 'S£rip count method was used to determine the
'”[ﬁé;étivé.ébundance of the vole in different localities. The
 §;}@ai§L5é?éff6f each locality was taken a central point and by
 ”fWalkiﬁé_éEdi5tahce of 500 m, the active burrows with their
 :{ek¢é§éted's5il'were counted within 5 m area of both sides of
" the road.

Following wvariables were studied o evaluate
€ 'fh' microhabitat:

| a. Plant density

b. Herbaceous percent cover
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501l

i, .8oil texture
'ii. Boil depth

_iii. Soil organic matter

Qf;d;:”_Topography

*Line  intercept method was used to measure the

5ﬁ b1ah£: ﬁéﬁ$i£§} A measuring tape of 20 metres was laid out
on a line transect. The line transect was subdivided into
equal length of 1 metre for measuring the frequency of food
plants and other plants. A1l those individuals whose tops
or basal area either touched, underlied or overlied the
intercept line were recorded for each species along the
line. Relative density of the plant was measured by the

~formula:

Relative density = Densityv of species X 100
Total density of all plant

The percent cover was measured by Nudds (1977)

method with little modification, A density beoard measuring

ilm_in length with each 0.2m interval maviked and numbered

from 1-5 that corresponded to a range of quantities (e.g, 1
gérrgsponded o a range 0-20%, 2 to a range of 20-40% --
; §é};ff$he board was Fixed in the =c0il and reading was taken
“;fféﬁﬁé?aiétéhée of 5m and figures cobscured by the vegelation

' was noted.
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Soil samples were taken f£rom the locality, where

the vole was found. These were mixed thoroughly and were
dried in oven. Hundred grams of soil was taken in a glass
" beaker (250 ml). Saturated solution of sodium carbonate (25
ml) was added and stirred. The solution was allowed to
slake for 16 hours and was then transferred to a cup of
mechanical stirrer for 20 minutes. The dispersed soil was
" poured in 1 littre capacity sedimentation oylinder. The
cylinder was filled upto 1-I, mark with distilled watexr and
'£ hyermeter in it. The - hydrometer was removed and aontents
::ff§£ ﬁhe,§y;inder were mixed by placing the dry palm of right

'haﬁd-févef..the mouth o©of covlinder. The hydrometer was

7 [¢arefully_inserted into the suspension for 25 seconds and

e first_reading was recorded 40 seconds after the start of

sedimentation. After first reading the hydrometer was taken
:out and rinsed with distilled water. The same was followed
after every observation. The second reading was taken after
120 minutes. Following formulae were nsed for the

-determination of percent by weight of various particle.

Sand = 40 second reading X 100
: Oven dry weight of sample

‘Clay = 120 miputes yreading, X 100
e Oven dry weight of sample
o osilt = 100 - (Sand & Clay)
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Organic matter in the soil was determined by
.ignition method. Twenty gm air dried soil was placed in
- erucible and the soil in the crucible was oven dried for 48
hrs. The sample was weighed. The cyucible was placed in a
muffle furnace at a temperature of 700°C for one hour. The
crucible was removed from muffle furnace and placed in a
- dessicator and when it was cooled. Sample was re-weighed

and total organic matter was determined as follows:

% of organic matter = Decrease  in  sample weight X

oven dry sample weilght
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CHAPTER-IV

_MORPHOLOGICAL ADAPTATIONS

The Murree vole has adapted for fogssorial 1ife 1n

Jbﬁbrow' systems., It has highly specialized morphologically
1'and functionally for 1iving an underground 1ife. In the
present account only those morphological features are

'high1ighted which have adaptive value for fossorial tife.

'Body form of the vole is rat-like with small tail, reduced
eyes & blunt snout (Fig.3).The most remarkable morphological
adaptations 1involved the major locomotory and burrowing
structures such as head,neck, fore-1imb and pectoral girdle.
Body including limbs, tail and ears was covered with hairs.
The hair coat protects the animal from the heat Tloss.
External ears are not reduced but they are well embedded in
the body fur. The average eye diameter and body length ratio

? ' A was 0.03 (based on the calculation of 76 specimens)., The

young roamed about on the ground helplessly which indicated

that vision was greatly reduced in the Murree vole,

. . in the Murree vole, the tail measured 27% of the

“ §§d§11éngth (based on the measurements of 280 specimens)é --

:%jﬁgé ¥é;éha11 tail and short neck, heat is retained 1in the

w b§dy::which the vole requires for its survival in the coid
climate of Galliat. The heat loss is further decreased by

having hairs on the tail.
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Hyperacrius wynnei: Murree Vole
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Like other fossorial rodents the fore-limbs in the

* ‘ ;Murreefvo1e were developed for digging purposes. They are

ﬁ;short but W1th strong claws. The scapula does not differ in
f;the genera% 'structure. However, the configuration of some
_;Lbonv processes differs from the other rodents.
h The post scapular fossa (Fig.4-A), synonymous with
.the_'teres major fossa of Hi11 (1937), 1is absent in the
Murﬁee vole. Supraspinous fossa and infraspinous fossa are
‘not flat but lthere are longitudnal depressions which give
extra surface for the attachment of the muscles, The spine
of the scapula is prominent and 1ips are thickened.

| The acromion process is long and broad. It

lffextends to the approximate region of the glenoid fossa. The

_ f poraco1d process 1s stouter and proanent. The g1eno1d

”:iprocess 15 round.
The humerus, (Fig.4-B) is a cylindrical bone and

_;head ¢is_ more or less rounded. The deltoid tubercle is

'sﬁlfstra1ght tr1angu?ar and is directed towards one third of

-fth_ humera1 shaft. The shaft of the radius 1is almost

’f.stra1ght.; The stv1o1d process is present. The ulna (Fig.4-

ﬁlC D) is attached to the rad1us The olecranon process is

*:ﬂproanent : wh1Te' coracoid process is well developed.

'fﬁzMeasurements of 85 'specimens showed that the Tlength of the

'W fore 11mb and h1nd 11mb is almost equal.
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Fig 4. Fore-limb of H. wynnei. A -
R Acromion process; (c) Coracoid;
‘superior fossa; (m) Metacromion;
(sp) Spine; (sup fos)

(d) Deltoid process;

{(snk) Surgical neck;

pectoral girdle:

(ac)
{(inf.sp.foss) Inrra

(sc) Scapularnotch;

Supra spinous fossa. B - Humerus

(hd) Head; (itb) Lesser tuberocity;
{sh) Shaft; (tr) Trochlea:
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Cc-Radius: (fc) Articulatory surface for
capitulum of humerus; (hd) Head; {nk) Neck;

(c¢) Articular surface for scapholumer; (rn}
radial notch; (st) Styloid process; {ul) Facet
for ulna. D-Ulna: ({cr) cronoid process; (ol)
Olecranen process; (rn) Radial notch; (sn)
cemilunar notch; (st) Styloid process..



Fossorial rodents have a number of specialized

morphological features including (1) reduction in velative
size .of the eve: (2) modification of foreleg or teeth, orx
both, to assist removing soil particles; (3) reduction in
+he size of external ear or pinna; (4) reduction in length
f?%'- ' of the tail:; (5) shortening of the neck; (6) reduction of
the undercoat especially in tropical forms (Nevo, 1979).

Eves display all regressive stages in fossorial

vodents from mediuom {Spalocopus) to small (Geomyidae,
* .Bathyergidae), to completely covered by skin; partly

5 . degenerated (Tachvorvctes, Cei, 1946) to  completely

@fratibfvariés from .009% to .003 in entirely fossorial manmal
'ffﬁ(Mcpabw 196617, Vision also decreases with the evye

reduction. Boocording to Jarvis (1973) photosensitivity

- exists in Tachvorvectes but not in bathyergids {Cei, 1%46;
"3 f(' ; _'  Eloff, 1958). In the Murree vole the eye whsrreducad much
R but.photosensitivity existed. On many  occasions when the
Y | _“excavated s0il was removed from the burrows entrance and as
| - the light entered the burrow, the vole came to know with-in
.i $h§fpf fime and tried to Dblock the entrance by so0il,

“fsuggeSting the existence of photosensitivity. But vision

. .was. absent as in monscon season voles were found roaming on

. Vthe ground, and were unable to locate their burrows.

déééﬁéxéted_-(Snalax,Cei,lgaﬁ}. Eye diameter/body length 53 3
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: External ears avre veduced in Tachvorvechtes and
 ;E§me1QQi and are completely absent in Spalax (Nevo, 19%7%).
’ In +the Murree vole the external ears are small as compared
~to body length and are well embedded in the hairs. Hearing
was well developed and a slight disturbance on the ground
cansed the vole to retreat to its burrows.
‘Tail is absent in Spalax (Ognev, 1963) while in
_those_.fossorial rodents having tail, it wvaries from 11% in
H? TEngh;gu (Rllen, 1%40) to 43% in Thomomys (Dalguest and
HScheffer et al 1944) of the total body length. The tail

7flength 1n the Murree vole is 28%. of the body lengﬁh-and is

'*f_cover#d by halrs. Naked tail is found in Heterocephalus but

" it has ‘long tail (67% of the body length) according to Hill

.ﬁ}ﬁ;et al.(1957)

Lehman (1963) studied the fore-limb architecture

_fof“_.some fossorlal rodents and found the following

‘iﬂﬂmodificatibnﬂof the Fforelimb architecture: 1. large teres

f;masor Process.j:E. large pwstmeular fossa 3. marked curved
}:iradlal shaft,ﬁnd k. Jong acromion and olecranon proc¢ess.

b Uf the e modifications only elongation of acromion
1'fénd ole;rancn are found in the Murree vole. The acromion
: prﬁ@ass:;s_more broad as compared to the fossorial rodents
Studiéa by Lehman (1963). Moreover the supra- and infra-
spinous fossae have longitudnal depressions. These two

structures give extra surface for the attachment of the
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H;musclés, lg ~general, the fore-limb of the Muarree vole

| resembles ti_ir":it of Tachvorvectes, Brachvoremvs and Ratins.
Kiﬁﬁéb?éiﬁg  £t .Lehman (1263) thé'fdfa;limb architecture of
;;fosééfiél ?Qﬁents is designed to promote a more power
'“ﬂff f1§gi£é?1§fffhé'Tfofé~limb " against the resiéﬁance'of the
':ffgugéﬁféték " The forxe-limb architecture of Geomys is an
iﬁégéggefation of the fore-limb architecture of Liomys, which

“in 4twrn, is preadaptation to the Ffossorial habits. The

architecture of Ctenomvys is similar to that of the Geomys.

But Tachvorvectus, in general shows less morpholeogical

adaptation to fossorial life. The fore-limb of the Murree
vole has not evolved nuch fossorial adaptations but  the

Str0ngumﬁscles and claws help the vole to dig soft s0il. The

- loamy soil, the habitat of the vole, may be one of the

reason for little modification of the fore-limb.
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CHAPTER-V

VARIATIONS IN BODY WEIGHT AND
BODY MEASUREMENTS

Phenotypic wvariation is the raw material for

natural selection and population variability is an important

}_adaptive property of a population. The study of variability

of the phenotype is a necessary step in any kind mf'detailed
study of a population. The body traits were measured for
individuals more than &40 gm body weight, since less than 40
gm were considered immature. The ceoefficient of variability
of.the Following body traits, was calculated by the standaxd

formula:

1]

c.v andard deviation X 1048

The data were grouped by 2 - months periods for 1985 and

i986.

A. Body length (excluding tail) {cm).

B. Body welght (gm}.

C. Tail length (om).

D. Hind Foot length (om).

A. ODY LENGTH

The coefficient variability of body length in the

female voles varied from 4.00 - 7.36% in 1985 and 2.78 -

5.3% in 1986 (Tables 1,2). In March-April the variability
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Table 1. Variahility of body length of females in
two months periods (1985)

Period ‘ X * s X Standard oLV, B

Deviation
March - April  13.08 + 0.3 0.6 L.00 23
o May-June 11.4 + 0.02 0.69 6.05 17
- © July-Bugust 12.2 + 0.17 0.74 6.10 20
7 ﬁ September~October 11.63 + 0.16 0.71 6.10 20

. November-December 11.68 + 0.23 n.81 7.36 14

?73ﬂi""'*:<' Table 2. Variability of body length of females in two
. : months periods  (1986)
Period X *5% Standard C.V. N
Deviation

N .~ Maxrch-April 12.2 + 0.09 0.534 2.78 1k

. May-June 11.4 + 0.10 0.36 342 1k

- July-Bugust 11.5 + 0,10  0.39 3.37 1k

. September-October  11.33 + 0.1&  0.60 5.3 19

' November-December  11.13 * 0.12 0.5% 5.3 24
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S Table 3. Variability of body length of males in
S : : two months periods (128%5)

Period X * 8X Standaxd eV N

: Deviation
Maroh-April 158 % 0.36 13k 9.7 16
':;9;;Maf¥auﬁe- ) 10.84 + 0.23 0.98 8.6 19
July-Bugust 11.4 % 0.23 0.88 7.72 15
' fsa§té@5erfé¢tcber 11.4 + 0.21 .71 6.27 12

I+

. November-December 11.3 * 0.17 0.62 5.53 13

.."”%fTable:u  'Variability of body length of males in
o+ two months periods (1986).

| ?Vpefi;a’[ o X * 8X Standard Cv N
| Lo E e Deviation
 Mawehompril | 11.65 % 0.1s 069 1.25 12
7'may~aune 11.56 + 0.10 0.38 3.29 14
July-ﬁugust 11.% + 0.10 G.39 3.37 14
September-Uotober 11.33 + 0.14 0.6 5.3 18
November-December 11.13 + .12 0.59 5.29 2h
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 :was the lowest in -both the vears but it increased reaching
"its maximum  in MNovember and Decembex. However,
:-,comparatively the average variability was higher in 1985

' (5;91%) than 1986 (4.34%). For males the variability ranged

. From 5.52 . 9.7% in 1985 and 4.25 - 5.29% in 1986 (Tables
I,h). It is interesting +o note that in 1985 variahility

showed a reverse trend i.e. it was maximum in March-April

“and  decreased reaching its minimum value in November-

Derenber. The average variability of both the years was
more in the males than females. Umn the whole the range of
variability was 2.78 - 7.36% in females and &.25 - 3.7% in
tﬁe males.

B. BODY WEIGHT :
Body weight variability showed great consistency

and was more or lesz a homogencous trait. The variability of

'_bndy weight was more than bedy length for Females, the

f;variability varied from 6.26 -  7.44% in 1985 and 6.10 -

110,69 ©in 1986 (Tables 5,6). - The variability ~ showed
qhéﬁégéhéity in different periocds of the two years, except
'2fquithe_:September-Octoher 1986 when there was pronounced

‘increase in the variability (10.69%). However there was not

much difference Dbetween the average variability of the two
yvears. Among the males the variability ranged from 7.68 -

B.18% in 198% and 6.3 - 7.35% in 1986 (Tables 7,B). Like
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Table 5. Variability of body weight of females in
two months periods (1985).

P Period X + 8K ,  Standard cov, H
Deviation

f MerchoApril  50.17 % 0.65 s 6.26 23

May-June 48.32 t 0.81 3.34 6,91 17

o ‘July—nugust 4%.41 + 0.81 3.6 7 ke 20

- @ Saptember“Oct0bar 4%.5 + {1.68 3.03 5,38 20

_Fﬂévémber-December 47.75 * 0.92 3.27 6.85 16

e Table 6. Variability of body weight of females in
: two months periods (1986),

Period X £ SX Standard C.v, W

Deviation
: wororoaeeil  hoisi s o.8s 3.0 653 1
May-June 47.86 + 0.78 2.92 6.1 14
July-August 47.8 + 0.80 2.99 H.25 14
HSéptember~Oct0ber B7.78 + 1.11 5.11 10.69 19
-ﬂovemberdﬁecember L6, 0k + 0,64 .04 6.6 £L

.—....a.-......-—-a-............._.—...u...-..-_.___.........-_._._.................__......«.........__.._..........._—-.u_..-.......-........._
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“ Table 7. Variability of body weight of males in
+rwo months periods (1986).

D Periad X+ 8X Standard Q. M

= Deviation
March-April L7.09 + D.92 3.67 7.71 16
May-.June 47.86 + 0,88 3.82 7.498 19

_ July-August 45.5 + 0D.96 3.72 .18 15

’ 4

: September-October 45.5 -+ 1.03 3.50 7.8 12
November-December LE,35 + 0,99 3.56 7.88 13

TR Table 8. Variability of body weight of males in

: two months periods (1986).

2:4'"f ﬁ Period X * 5K Standard SRY M

Deviation

March-RApril L% .46 + 0.83 3.12 6.730 12
May-June 48.23 + 0.9%0 3.37 6,98 14
July-August LT.77 + 0.%4 3.501 7.35 14
- Beptember-October 47 . 406 + .78 3.4l 7.14 19
November-December 47.75 + 0.71 3.35 7.0% 22
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females +the variability of weight in males did not show any
hetexrongeneity.

 :C. TAIL LENGTH
. :The variability of the tail length appeared to Dbe

fmcfé than the body weight and body length. It ranged from

”’B BB .ﬁ}23.15% in 1985 {Table 9). In November-December it
3fw hlgher than the rest of the period. In 1986 the
variability of tail varied from 5.34 - 9.67%. November and

December showed the highest variability (Table 10).
D. FOQT LENGTH
Foot length variability varied from &.11 - 9.38%
(Téble 11) in 1985 and 4.10 - 10.95 in 1986 (Table 12). When

the variability of the same period was comparad, there was

iﬂlfmuch_difference in May-Jdune and July-Rugust. The average

" variability of 1985 (25.15%) was greater than 1986 (12.26%).

The average variability of the body weight, bhody

IVﬁlenbth and tail length of the two years was more ox less

‘5*fsame Exbept for the body weight of females, the variability

'1 of wther traits was comparatively higher in 1985 than 1986.

-f*,It 'is ntele ting to note that there might not be any

' dlff@lence but the trends towards increase or decrease of

(o varlablllty for some of the tralt could be easily detected

:,qu1te.3clear1y. For example, body welght of male showed a

'”ﬁf}trenﬁ tmward increase in ceoefficient of wvariation in 1985

'-;and decreqﬁe in 1986 from March-April to November-December.




?éﬁle_?. Vgriability of tail length in two months
T S ' periods f1985).
Cperiod . X+ 58X Standard C.V, M
R o - Deviation .
0 warenmeril | 2.8 ro.06 5.30  10.64 39
May*}une S 3.50 + 0.07 0.3% 11.14 36
| | _July-August 3.22 + 0.05 0.29 11.692 35
...'l'::::'..Séﬁtembféx;“.(_}ctc:ber 3.23 + 0.08 0.32 12.%91 32
;;Hdﬁé@éafogqgmber 3.58 + 0.14 0.74 20.67 27
E*ﬁil. ..f: ; rable 10. Variability of tail length in two months
- periods (1%86).
: Perind X £ 8X gtandard €.V, N
Deviation
wemehommeil s xo.0s 0.17  5.3% 26
May-June 3.25 * 0.03 0.18 5.54 28
July*ﬁugust 2.92 + 0.04 0,21 7.1%9 28
 Septenber-October 3.44 + (.04 .25 7.27 38
Novenber-Decenbexr 3.31 + 0.05 0.32 9.67 48
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Table 11 Variability of foot length in two months
periods (1%985).

Pexrind X+ 85X Standard TN i
Deviation
MarehBpeil 1.8 % 0.01  0.08 419 39
May*Juné 1.89 + .02 0.13 6.685 36
Julv-August 1.92 + G.03 0.18 9,38 35
September-Qoctober 2.04 + 0,05 0.03 £.21 0 32
November-Decembex 2.13 + 0,02 0.09 Lo2yn 27

Table 12 Variability of tail length in two months
periods (1%U6).

Periad X + 8X Standard  ©.V. @
Deviation
March-April  2.13 % v.0z 0.0 k.16 a6
May-June " 2.1 4+ 0.04 0.23 10.95 28
July-Bugust 2.06 + 0.03 .15 7.8 28
September-October 1.87 + .02 0.1 5.34 38
November-December 1.88 + 0.01 0.08 b.71 46
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In order +*o obtain a hetter picture of the
 ;compara4ﬁNe' variability the coefficient of wvariation for
.eaéh_ bi"monthly series has been arranged and compared in
ascending order of variability (Table 13). The data showed
that deposition of the same trait was closer in t+he sequence
of variability in 1985 than in 1986. Trait & (tail length)
in all the samples lies at the left and except July-Rugust,
when it occupies the 3rd position. Same is +the case with
trait 3 (Body weight) which, except July-dugust and
September-October is on the right. But the difference
between the values of coefficient are so insignificant that
sﬁch an arrangement of coefficient of variation may be
_acgidental. The coefficient of variations of different
:_fféiﬁé do not show a definite pattern. But it is clear that
in most of the sample traits 1 (Body length) and 3 (Foot
length) are presented on left side and traits 3 and 4 are on

right side of the table.

DISCUSSION
It is generally accepted by the researchers that
magnitude of variability is related to thel intensity of
natural selection. But a simple comparison of different
points of view showed that the nature of this relation is
understood quite differently. According to one point of

view the variability, in favourble conditions increases



Table 13.
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A compariseon of coefficient of variability in
different body traits. The traits are arranged in
ascending order (1 hody length; 2 = body weight;
3 = faot length: 4 tail length.

o

Period 1985 1986
Traits Traits
Maxch-April | 3124 " 1342
May - June 3Lk 1423
JuLy*Rugust 12473 1234
Séptember~0ctober 1324 1342

November-December ' 3214 I1LLz
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considerably and according to another view in unfavourable
conditions the variability increases. According to Yoblokov
(1974) mnatural selection under great pressure would not
affect all the organs and traits to +he same extent.
Elimination of the final wyemoval of the individuals, in
other words of the whole ontogeny, will alwéys have
individual trait as focal point. During most intense
selection, despite pressure on one trait or on a groups of
traits the variability of the other trait may not even be
affected in any way. !

One  majoxr Aifficulty in attempting to  make
ggneralizatibn‘frmm comparison of different populations like
the - Murree vole'is the amount of genetical heterogeneity of
samples. Simpzon (1944) pointed out that one of the reasons
: “;fér obtaining excéptimnallTIOW'ar Nigh variability may be

.iﬁsufficient genetical Thomogenelty of the samples. In
homogencus populations the variability may be the least.

The variability of body lensgth iﬁ‘ rodents has
broader range from 0.5% in field vole (Microtfus agrestis) to
12.9% in vellow-necked mice (Apodemus flavicollis) and 21.5%
for the laboratory mice. However, in majority ot th; caseas,
the variability of body length ranges, in different species,
from 3.or 4% - 6 or §% approaching 5% on the average

(Yahlokov, 1974). The field data obtained for a number of

samples in a species, show little scattering in values of
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. coefficient of variation: 5.7 - 9.8% for Apodemus sylvaticus

-’ (Adamczewska, 1959}, 3.7 - 5.6% for Peromyscus leucopus

{Clark, 1940) and 3.1 - 5.2 for P. maniculatug (Dice, 1938) .
The variability of body length of males and females of the
Murree vole in all the samples of two years was more or less
the same except for the males in 1985 when it ranged from
5.53 - 9.7%. In mozt of the other samples the wvariability
:gnged 3.7 - 7.36.

Body length variation showed a definite trend

IJQfeXQQPt__in_males during 1985. In both the years the less

“:f}fvériabiiity¥f§as' noticed in March-Bpril after which the
 ;yaiiabiiity increased. Males behaved differently in 1985
-5faﬁd ﬁa#imum'variability was notéd in March-April. In 1985
”fthe §th fall was very low and most of the anow melted in
”:Qfapruaff. ‘while 1986 recelved heavy snow and most of the
T;érééﬁ;ﬁamaihéd.covared with snow £ill April. It indicated
'f th#t._éQﬁiQipies of the Murree vole started much earlier in

”': i935gff itflﬁas exposed to environmental Thazards rather
"leaxlier {temperature was very low) regulting in high

 ‘variébi1ity in March-April 1985, However, from March

Tonwérds as the environmental conditions became more
.favourahle the variability also decreased. It was observed
that males were more active than females, most of the food
was gathered Dby the males in March-April and thus more

variability was observed in males than in females in the
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_ beginning of the year but in the later half of the vear the
llntensity of condltlons Was more or less the same. In 1986
the females behaved in the same manners as in 1985, Like
: 1§és.more variability was observed in the male than fenmales,
indicating the fact that the males were more exposed to
unfavourable environmental conditions.

Variabllity of weight is one of the most useful
pParameter in the analysis of data concerning population
morphology. Due to the dependence of welight variability on
seasonal factors, seX, growth and general condition of the
animal, weight variability is an important index which
should be given the foremost ecological and physiological
significxance (Schwartz, 1962 and 1964). The range of
‘variability of body weight in‘rodents is great from 24% 1ip

Legurus legurus to 22.7% in  Mus musculus and as high as

28.2% in Rattus rattus. Even in the populations of the same

species, studied under different environmental factors,

there is much variation of the body weight. Castle {1938)

1 ; _*r¢ported_low variability in Mus musculus i.e. 3.2-5.3% in

ijpﬁﬁeA $§mp1e, whereas Dynowski (1963) recorded 15.9-30,9

variability in the same Species. However those pPopulations
~ which are living under stable environment the body weight
variability range isg Very narrow. In the Murree vole the

variability of body weight ranged from 6.1~10.69% in two
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vears and in majority of the samples the variability was
between 6 - 8%.

Body weight, as mentioned earlier, is also related
to seaszon. Normally animals d;ring peak season, when the

food is maximum, gain weight and show lower variability

{Yablokov, 1974). PBut there are not much wvariations in the

. body weight of males and females during the two yvears. 0Only
5;{5¢ptémber~0ctoher samples of males in 1986 showed a greater
$*i§#iiability {10.0%). which indicated that food conditions

were . more " or less constant throughout the vear except.

Séptéﬁber—October, 1986. This might be due to more exposure
of'tha population to the environmental factors or lack of
homogenous samples.

The values of variability for different body
dimensions of rodents approach 5% on the average but the
variability of tail length in all groups., as & rule is very
high. The overall, range of variability is also high from

0.8% in A. sylvaticus upto 26.5% in one of the samples of

:?, fié1d:mice (Yablokov, 1974). ©On the average, it can be said
”fthaﬁfmagnituée of variability of tail length ranges from g -
- 10%. Like other rodents the variability of tail length in

- the Murree vole was very high and showed scattering in the

values of coefficient of wvariability. The tail length

- cqefficient of variability ranged from 10.64 - 20.67% in

1985_and_from .34 - 9.67% in 1986. In both the years for
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the first four periods there was not much variation,
although the variability was much more in 1985 for these
periods. However, for November and December the variability
was higher than the rest of the perieds, particularly in
1985 when the variability was 20.67.

Tail length variability showed that for the first

:f ﬁour periods in 1985 and for all +the period 1in 19846 the

i effect of environmental conditions on this trait might have

- excercised the same influence. Only in November-December
" the ‘variability was 20.67% which might be accidental.
The variability of foot length in vrodents is not

moré_than the body length. On +the whole the variability of

*  £00£ iength.ranges From 1.5 - 3.1% in Peromvstus manicnlatns
gﬂ €i (sﬁ@ﬁ§:}_ 192D), 3.5 =~ 6£.9% for Clathriopomvs rutilus
Tf  foBL§kdy,' 1966) and 8.6 -  10.5% in Apodenmes flavigallus
ﬂ5 (ﬂ;giﬁ;"ié5a); in the Murree vole on the average the

;Qéﬁiapility'was more than +the variability in the body
léﬁgﬁﬁ, which was Tather complex behaviour of the indeﬁ of
Qariability. Ursin (1956} also obtained the same yesults
foxr A. ﬁlavicolli;. The foot length in the Murre vale, does
not give a good picture of wvariability in relaticn to

environmental factors, favourable or otherwise.
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CHAPTER-VI

DISTRIBUTION

Cenus Hyperacrius comprises of two species: wynneil
“having two sub-species (wynnei, tyaubi) and fertilis, with
three sub-species (fextilis, brachelix and zyvgomahicus).

The genus has yather restricted distribution and is knoown

from a small area (about 320 km east to west and 240 km
north south) (Philips, 1969). H. W. wynpeil is fFound on the
eastern side of the Indus Tiver. Blanford {1881} fifst

recorded this species from Murree and type locality has bheen

ligted as Murree (Hinton, 1926) . According to Robexrts:

?-nt i . (1277) it is quite abundant throughout the forest regilons in

the Muxrree Hills extending westward through the lower
forested regions of Hazara District. In Hazara Digtrict it

has been veoorded from Dungagali {(2400-2900 m), Wathiagall

_(2&40 m}, ‘Thundiani (2530 m) and Shogran (2280 wm). In
”éhﬁgran it ascends to Mt. Muakra (3140 w) where its ranges
| '*0§g¥lap§.with that of H. fertilis (Philips, 196%).

L .ﬂ. w. traubi is found on +he western side of the:

riy¢r _Indus in the Swat Valley, where it has been collected

'ffmm Changla (2225 m} and valkhtangi (2070 m} Dby the
_University of Maryland Expedition {Roberts, 1977). It has
not. been reporited out side Pakistan, neither it has extended

its range northwards into dry alpine forest of Chitral oxr
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Gilgit (Roberts, 1877; Traub et al., 1967). Neithammer

lTooked for this species in Afghanistan but failed to trap it

 (Neithammer, t968).

In Galliat the distribution of Hperacrius wynnéi

' _w?nnei appears to correspond roughly with that of mixed

" . forest of silver fir (Abies pindrow) and the blue pins

(Pinus excelsa). Baragali (2288 m) is the northern Timit on

-the road side and has been found upto Barian (2196 HI)
{(Fig.5). Bey§nd Barian its distribution is interrupted and
no vole burrow was seen between Barian and Murree. It has
more or less continuous distribution from Baragali to
_Barian,_but it was found only at those locations where the
'js%fyer.Fir was present. Relative density of the vele at

 “;djfférept }ocalities are given in Table 14 and distribution

”f”fﬁé'shown in Fig.5.

In Baragali only two colonies were found near the .

' .pazzar on the road. But no vole was collected from the

i peshawar University Summer Camp area. The camp area is at a

D"thighev'_e1evation as compared to bazar, the top most @soil

f{Hcfian A) is completely eroded and clayey soil and rocks
?*féhézéX§dsed. In camp proper silver fir was totally ébseﬁt
fszu{ o£hgt food plants of the voles ware present. on the
}séﬁéiff&ée of the hill the voles were trapped on the path
.' §§ing td Kalabagh where the forest was little disturbed and

“silver fir was present.
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Distribution of ll. wynnei in Galliat: Ba ~fBangﬂOtar?

Bg - Baragali; Bn -~ Barian; Ch - Changlagali; Dg -
Dungagali; 6d - Ghoradhaka; Kb - Kalabagh; Kg - Rozagall
Kh - Khairgali; Kp - Khanuspur; Ku - Kundla; Md -
Mochidhara; Mj - Miranjani; Mp - Mukshpuri; Ng - Nathiac
Pl - Pipeline; Ta - Tauheedabad. . '



Table 1k. Relative density of H. wynnei at different
localities in Galliat and Murres ares.

f; No. Loéality Elevation  No.of burrow
i (metres) openings/ZEDﬁma
i 1. Bangnotar 1800 0
2. Baragali 2284 "
3. " Kalabagh 2410 a0
%I k. Miraniani 3290 21
. 5. Nathiagall 2440 35
6. Dungagali 21D Wl
7.l, | Mukhshpuri 2928 33
g. Pipe line 2365 20
e, Ghoradhaka | 2360 5
';fldEi'ff _Khanuspur 2300 0
1?iiijfff- fTauheed Abad 2345 5
;ff 13; "  | .Kozagali 2370 ‘ 7
.L ié:iL7 .'Changlagali 2510 3
1h. Khairagali 2300 i
15. Barian 2196 3
16. Swargali 2100 0
17. Kalimitti 1990 )
18. Sunni Bank 2020 21
R Marree 2257 23

SR Ghegagali 2100 0
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The actual distribution starts from Kalabagh (2410
Qjmj'whéfe.it was collected on both sides of the road and was
quite comm&n in the lawns of +the bungalows. Mathiagali
 {2440 m) and Dungagall (2440 m) are the ideal localities and
vole.were not only collected on both sides of +the road hut
they were also trapped at Miraniani (32%0 m), the highest
point in Nathiagali and Mukshpuri (2928 m), the highest
point in Dungagali (2440 m).

Oon the-pipe line, a short path goling to Khanuspur
:" agd_Gtha Dhaka, the voles were found on the grass land.
__?ﬂ1p GhQradhaka it was collected only at the top of the hill,
fhféﬁé¥é the_Chéi£1ift ends. Soil conditions in Shoradhakha

=__":_and-I:(_lgv.na.m'us_p\ur are same as those of RBaragali. In the rest Qf
'i Ga11i$t..thi3 species was quite common 1in the Forest
3  nuféeries (Tavheed BAbad and Kozagali) in grassy land, forest
'épd_the:_cultivated fields near the road. However, ob the
,,fioﬁéifside;of_the road the distribution was quite restricted

‘and no specimen wWas trapped in the villages down the hill.

DISCUSSION
Blanford (1881} described H. wynnel from the
_spemimens collected near Murree which is also listed as tvpe
locality by Hinton (1%26). Howevel, Philips (1%6%9)
suggested that the ecotype of wynneil lies higher in the

Murree hills as Murree city is at low elevation. Actually
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t

'313 Mnrree clty 1185 at an elevation of 2225 m and a numbexr of

:5worker5 have recorded this species from Murree (Roberts,

=: :1977) Durlng +his swrvey the voles vwere not only collecfed.

?*fﬁfram.Murree city proper but also were found in the apple

{glorchards “on the Sunny Bank, which is etill at a lower
'{elevatlon than Murree. However this voles was not recorded
'if_fram the othex areas ad:oxnlng'erree towrn.
| In the present study the lowest elevation at which
_thia species Vas fFound was 2075 m (Sunny Bank) and the
flﬁighest eievation was 3290 m.(Miranjaniu Nathiagali). It is
.in ébntrast to what has previously been stated by Philips
(1963) & Roberts (1977).Philips (1969) stated that This
5pec1es did not occur above 2500 m,whereas Eolberts reported
;'that this is found Erom about 1830-3050 m Plevation.Eighteen
'hundred meter elevation is too low for this vole and none of
theae' locali~-ties, from which this species has béen
‘recorded, are below 1830 m. It certainly occuxs above 3050 m
~ (Miraniani). |
| Genug Hyperagrius has rather vestricted, dis-

L eontinuous distribution & is known from a smaller areas

 i_j(about 200 miles east to west and 150 miles north to south)

”°but possxbly has a wider distribution than indicated by the
v literature {Philips, 1969). Traub eb al. 1967)
data on the distribution of Rigkettsia

i, associated ' ectoparasites and endemic host
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marmals that could explain the sﬁall yange and discontinuous
distrihution of Hyperacrius. They conoluded that Shogran in

Kaghan Vailey &  +the Murree hills are ecologically similax
and most of the fauna of the two places resemble.But

H

Shogran, which receives more rainfall than the rest o

)
(7]

the
valley, is different from the cother places in Kaghan and
qilgit;They suggesied that in vast streches of desert of
':Gilgit, where there is plenty of available watex, exist

'Eccloglcal Islands .They further suggested that many of the

M

 ian1ma1s(rodPnis insectivores,tichks, mites & fleas)inhabiting
 these feservatlmns are relicts of a temnperate era before the
.formation of deserﬁs,when the entire region must have been
covered by coniferous forest.Traub & Evans (1967) stated
that in +the late Pliocene there was a vast coniferous
temperate belt, and animals including Hyperacrius or its
precurser - could had a contimous distribution in this
ﬁonifermus forest,which might have widely disturbed by the
upheaval that formed the Himalayas & suhgegquently wvash

f:dPspr* areas such as Gilgit.According to Philips (196%) sub-

"T;;speclatlons. in both 1. zﬂngl % H. fertilis is 1ela+ﬁd

:fpfimarily ta two factors: (1) restriction to suitable habitat
J-abovP 1830 m & (2)three deep river valleys(the ,fhdus,
:Kashmlr & Jhelum)& one broad valley(the valw of hashmxx)*ha1

}fata_geographlc barriers to the distribution of thes species
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Fig 6.

Diagramatic representation of zoogeography barriers
of major importance to Hyperacrius. Number denote:

Pir Panijal Mountains (1); Vale of Kashmir {(2); Kaghan

valley (3); Murree Hills (4); Yakh Tangai and Shangla

(5); Utror (6); Dir (7); Rivers are named. {(Philips,
1969) .
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itfis quite interesting that all +he localities
.ffﬁﬁ ﬁﬁétéﬁﬁ;' mggngi has beeﬁ collected, are ecologically
Q'#iﬁiléf“iéﬁd' have more or less similar fauna and flora.
Aftexr tﬁé formatian of the Himalayas and the ecological
Islands, the distribution of this vole was further
restricted by physical and climatological factors. For
example the Galliat used to have vast and thick mixed
forest of Abies pindrow and Pinus exgelsa on both sides of
the road. Rut. on the lower side of the road due to
intensive cultivation and destruction of the forest the top
s0il horizon has been completely washed out. Same is the
case in Baragali,Ghoradhaka & Khanuspur,which were converted
into the military cantonments after world war—-I. As a result
of the destruction of aoilz horizon A in these places the
vole was eliminated and 1is now Esund only in those places,

where A. pindrow, alongwith top loamy smil, is present.
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CHAPTER-VII

FEEDING HABITS

The Murree vole digs multi-entrance burrows
: m;§réaaihg over a large area. Due to its fogssorial habit it
> Qas.ﬁormai1y found feeding near the entrance and it was only
auring July, August and september, when the vegetation cover
was maximum, that it was observed collecting plants beyond
the burrows. The animal, cuts the plants a little above the
ground level which are then held in the mouth and ultimately
dragged 1into the burrows, where it was cut into small

pieces. The vole was found active during day and night but
'f moét of the food was gathered only during the night while

'Hduring July-September, the food was mostly collacted during

'"-ﬁftﬁhéjday time.

The vyoungs had a 1imited sense of orientation,

. They fed just around the burrows entrance. A few females

” w5th.édvanced stage of prognancy were trapped, indicating
'f]that most . probably the pregnant females were Ted by othgr
?;imémbérs of the familvy.

b A number of plants (Table 15) 1ike dahlia,

.. tomatoes, Ariplex  laciniala, Cardalias stevartil and Napela

e A

errecta were observed being taken by the voles but were

© . found absent from the stomach contents. On a number of

occasions the pieces of leaves and stems were thrown outb by

the voles alongwith the soil.
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The food of the Marree vale in the stady area was

5 entirely comp&sed of vegetation. Insects were found in a
:féw stumach nnfp tes but their presence in small amounts
'1ndlca+ﬁs that they were taken just by accident. Haoirs of

' *he ?0195 were regularly found though in  small amonant
. throughout the vear and most probably  were ingested douring

stomachs contained

'grooming activities. However a few
mcstly halls and striated muscles. Such voles might have fed
On fhe dead vole. In a numbex of wases the viscera and

:1'maj0t_quytion of the abdomen of the trappgd animals were
faﬁnﬂkmiééing. As the abdominal part of the trapped animals
poxtlon ‘yemained in the burrows, probably the missing
porflon was consumed by consp ific animals. Tresence of
strmated miscles in a few voles substantiated the view that
the Murree voles consumed the dead individuals.

The Murree vole feeds on & variety of plant
species. Twenty three plant species were identified in the
stomach contents (Table 16). A few plant specles which wers
found in very small dguant itiss are not included in the data
and & few ornamental flowers wexe ohseyved being talken by
the vole into the buxrows but were not found in the stomach.
Ahout 6.4% of +the total volume of +the vole food conuld not
identified and there is every,possibiiity t+hat this portion
may include sone additional species of food plants. The

monthly percent consumnption of different food plants by




Tahle 15.

s
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10,
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List of the plant species

married into the burrows.

Cynachulm leucrcanthum

Leuchus lanla

Cannabis sativa

Senicia chrvsanthemoid
Rumex neplensis
Polyeopum nepalensis

Seropularia peolvantha

. Bachopodivm sylvalum

- Cordalis stevartii

Nepela exrecta

* was not Ffound in the stomach contents.
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_ ;§§lumé - is given in the Tabhle 16. Rumex napalensis was
aﬁangst the most favoured food plant, representing on the
avéfégé, 31.0% of the total vearly diet (Table 16). Its
importance was largely depended on its heavy utilizatimn
throughout the year (Fig.7). Several factors may determine
+he most proncunced and remarkable reliance Mapon this

species by the Murree vole. One factor i

0
443

the early growth

of the plant. This was among the first few lants species

d

which were available aftex *the snow melted and remained

o

green +ill November. The second factor was the distribution
-of_this food plant. This plant apart from being czite common
' iﬁf?fhé'5study area and also grevw in clumps, forming a
éuitable habitat for the vole species. The vole dug many
'bufrmws in such clumps and without being exposed could push
thé plant parts inside these burrows.

| The striking dependence Upon R. nepalensis by the
' ¥ﬁfree vole may also be due to its size. 1t was the largest
_brﬁad“lmave herb in the study area. The plant consisted of
;nﬁmgtous broad leaves on the ground with a long stem in the

- gentre. From Bugust onwards the main stem died out but

ground leaves remained green. The ronsumphtion of the plant

o)

ecreased during August and Septembelr (Fig.7) when a number

of other plants were available in the area.
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Rumex nepalensis

vveavs Urltrica dioceli

memmearns Cynoglossum lanceolum

.. Senecio chrysanthemoid

~—+—.— Poa pratensis

Mar Apr May June July Aug Sept  Oct Nov

3'2F1g 7. Comparison of percent volume of major food plant
' species, utilized in different months.,




62
Twe other important plant species were Urltrica
digeli and Senecig chrysanthemoides which were well

distributed in the study area. U, dieceli also showed a

clumped distribotion. Both these species of plants

collectively formed 24.5% of the total diet of the vyearv

l..)

{Table 16). These plants are of comparatively tall in sicze
(more than 20 om tall).
amall plants (less than 20 om tall) were nob less

important, as they formed 16.8% of the annual diet, Among

:the'_'small plants, Cynoglosum lanceolum was eaten
" eonsistently  and accounted for 4.1% of the yearly diet
. (Fig.7). The plant was eaten from March to Noevember and the

“amount varied with the time buni was never a najior faod itemn,

except in March when 14.3% of +the total monthly diet
consisted of this plant. This may be dus to the fact that
in March many plants were noh available in the study area.
The only shrub feound in the stomach was Viburrnam
grandiflorum and the vole fed on its bhark. Its importance

iz quite evident (Table 16} in March and November when a few

'ather_food plants were available. Most probably it is the

U major food item when the ground is covered by snow. Roberts

(1979) reported the feeding of the Murree vole on the bark

of the apple. atesmach contents of a few voles trapped in

winter showed that bark of the shrubs was theix major food

during winter.
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Vegetables like potatoes and turnips oconsisted of

2,5% of the yearly diet. This low percentage may bhe due to
low muamber of voles trapped in the vegetable fields.

hmong obther large plants Urlbrica ceae was another

important food plant. It showed a olumped distribution and
in the diet of some voles +trapped among the olumps it
_accbﬁﬁted for about 51.7% of the volume of the food.

Bmong the non-Angiosperm plants Qnyvchum condigaam

‘W-eiﬁ&'.n ‘i.‘.hé oniy species which was found in the stomach (Table
16). The .plant had patchy distribution and was found in
 p§£ti¢ular spots in the stuly area. In some stomachs this
P;gnf, constituted about 40% of the total diek of +the

”stbmach.

.Grasses formed 10.1% of the yearly diet {(Table 16)

Cand only two species of grass, Poa pratensis and Bechopodiuwnm

"

& was mosht Lmportant

"ggigg$ggﬁﬁ_were identified. P. pr
 5§ecieS. of the grass and accounted for 8.2% of the yearly
diet‘(Table 16). Its importance increased after melting of
the. snow in March when only a few ather food plants were
available “(Fig.7). It was one of the major Ffood plant
during this period,. Its frequency of occocurrence was very
high even in those months when other food plants were quite
common,. During this period the Juvenile diet comprised of
50 percent of this grass, as it was quite common near the

burrows. BR. s aticum also shows patchy distribution. It



S was_gpxeg&nt.in the stomach contents of only those voles,
“which were_trapped in the area with plenty of this grass.

in  the study area a local farmer eulhivated this grass at

the edges of his fields for domestic animals.

pISCUSSION

Hinton (1926) quoted from the field notes of H.H.

pun that the Murree vole is mole like in habits. Later on

many workers like Waller (1964) and Philips (1969) repeated

this informtion. Roberts (1977) examined ‘the stomach
contents of a few voles and did not f£ind any s0il inhabiting

invertebrates. He stated that these voles are exclusively

herbivorous and also presumned +hat Jduring summer, they feed
largely on roots and undexr g;ound stems. The present study
agrees with Robexrts (19177) that the vole feeds entirely on
plants but his presumption +hat doring summer itg food is
iargely based on roots and under ground stem is not gorrect.
. Except potatoes, 0O other under ground stem or rooh were

" obsexrved . in the stomach contents in any season. A few

'ﬁﬁ;in§é¢ﬁ5: were found 1in some stomachs  but these mightﬁhavatbe
 _;ﬁgéSted'accident1y. . The only mole 1ilke habit which this“
Volé had was the ﬁushing of the excavated soil out through
the burrows exits and this habit is alse found in A& rrumber

of other rodents.
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The diet cholce in small maumals is determined by
presence of the compet.itors, relative abundance of Food
plants and its qualitative and handling characteristics

(Flpmmxng, 1979). Meserve (1376) gtated that due to the

ﬁ;presence of a large numbex of competitors in California Sage

1 Scrub communlfy, Peromyscus maniculatns and Rejithrodonbomys

"7mggg;gx;§ are generalized feeders. Due to theixr small size

Cand subordinate position they cannot compete with athey
better adapted rodents. Husar (1979) documented a
significant shift in the diet of the insectivorous bat
(Myetis evotis) when it is sympatric with a morphologically
similar bat (M. aurigulus. ).

At low food abundanae, food generalists are

Ffavoured over fond specialists, (Schoener, 1969; Schoener,

“[.'1971).__This applies to many herbivores like CLenomys.,

"'f193§x50ﬁ' 1950), Geomys (English, 19323 Vaughah, 1962;

v§qgﬁén.-.l967) Heterocerhalus {dJarvis, 1978) Tavchoryetes
(Jarvis_and gale, 1971) and Cryphomys (Genely, 1965).

No other true hurrowing rodent co-ex ists with the
Murree vole in the Galliat area. Thus the latter is not
::subgwcted to a competition wiﬁh any othex species. The only
':othPr two 5pecmes trapped from +he burrows of +his vole were
_fgpbggmu gxlvgt;;ug and Mus muscoulus bub $heir numbers wexe
' f£p6T #mall to pose any threat to 1its food resources..

'Moreover. when their stomach contents WwWere examined they
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, contained only seeds and underground stems. Inspite of the
-fact. thaf there are no competitors and food is quite
'jabﬁﬁd%nt_-(émcept in winter) this vole is not a specific
 feéaér éﬁa:ingésts a vafiety cf“plants. The reason ié that

Hlfhis rodeht‘_is entirely Fogsorial and feeds on the plants
_available near its barrows. Fveun dJuring Rugust and
;Sgbtember, when there 1is plenty of vepetative cover, he
véié .ddes“ﬁét gd far off from ity burrovs. 8a the
'aﬁdassibility of the feood near the vicinity of the hurrows
hﬁs.influehced the diet of the vole. The data showed that

the‘ vole preferred certain plants oOVer ather however, if

these-plants were nob available then it may shift to others,

~plants., This also applies +to other herbivorious fossorial
rodents 1like Clenomys {Pearsort, 1960) Geomys (Hansen, et

al., 1960; Millexr, 1964, Wilks, 19263) Heterocephalus (Hill

et al.,1957) and Cryptomys (Genelly, 1965) .

Heteromyid rodents living in the desert have to
aveid remperature and Thumidity extremas and potential
predators. This 1is accomplished Dby being active above the
ground for relatively & short period of time (Kenagy., 19733
Shah, 1934) and is assisted by the use of cheek pouches to
minimize the pumber of  trips required ﬁo collect food.
Chee)kx pouches allow the heteromyid rodents to gather large
quantity of food Dbefore rethrning to the relatively safer

place (Reichman, 1975). The Murree vele has  notb devlioped
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.cﬁeek pouches like these rodents. put the vole has to spend
1ittle time above the ground %o avoid predators. Like
hHeteromyids, +he dietxy requirements of the Murree vole,
however, are probably mediated by attempt to minimize the
" time spent above the ground foraging, Tthus avoliding
rpdators. This 1is sccomplished by heing active above the
ground for relatively short pe riods of time and is dSSlSth
by its preference for tall plants to minimize the number of
trlps recquired to collect the Food. TFreguency of trips Lo
bring the same gquantity of food, will he moxe for +the small
plants than tall plants.
In Heteromylids the fFood collecting and aating are
Lwo indapendant avents. Theae rodents gather many seedé

' they engounter as rapidly as poszible, £illing their

' ?pouches. They ﬂ@l&at the appropriate item in the burrow,

.Whlbh is a safer place. Feeding and aollecting seem to e
'1elated phenomenon in the Murree vole as all the plants
colleqted are consumed.

The Efitness of the Murree vole is further
maximized by an optimal foraging space. Tt had large home
range, spreading over an area of about one a&cre and with the
passage of time it keeps on expanding it. Fossorial rodents
have further maximized their foraging efficiency by being
actlve day and night (Vaughan and Hansen, 1961; Godfrey and

Crowcroft, 1960). Clethrlonomys rutilus has diurnal pattern



- during wintex and awtumn, and nocturnal

trees {Roberts, 1977) and in the &
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attern during

P
Pﬁspting énd summer (YIonen, 1988). Like other fossorial

‘rodents, the Murree vole was active day and night and had

6ptimal foraging period. The cost of feeding was also
shared and only few females with advance stage of pregnancy,
were trapped, suggesting that t+hese females were provided
food by.other members of the colony.

Most of the Fossorial rTodents, which do  not
hibernate, normally stere food oT utilize fats during

winter. Fat bodies were not ohserved in the body and during

~exavation of tunnels no stored food was found. During snow

 7_peri0d it was observed feeding on +the bark of the apple

P

liat Vebhurnum

£F:|
grandiflorum hark was thrown oub along with the sail. A Eew

vole were trapped in winter and their stomach content showed

that during winter majoxr food of the vole was bark of the

plants. Some Cletherionomys species also supplement their
diet to considerable degree by the bark nof the shrubs and

 trees in winter {Hanson, 1984). Microtus agrestis is the

most;serious debarker of trees in Europe (Myllymaki, 197%).
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CHAPTER-VIII

HABITAT

As pent ioned earlier the distribution of +the

Murree vole ecoimcided with +that of silver fiy (Abies
pindrow). Inm Galliat the vole was aol  recovered in those

areas where A. pipdrow wWas absent except on a single

occasion when the vole was caught nearvr Raragall Basgar where

A, plpdrow was absent. A. pindrow distribution starts from

Baragali Gali (uppersides of the rvoad) and ends at Rarian.
In between these two localities the vole wWas spotily
diatributed over much of the area.

wherever this vole wWas feund, no  other Luriowing
rodents were found and it was entirely fossorial in its
hakbits. Almost all of its activities were aonfined to its
burrows. 30 wherever the burrows were Found, the place was
considered to be the habitat of the vole. The relative
abundance Was recorded by observing the aumber of active
bﬁrruws. The active burrows Wwele easily vecognized by the
excayated soil.

Data on the relative abundance of the Murree vole

in four different habitats 1s presented in Table 17. Data

”Vﬁ'indicate that the vole was present in the grassy lands,

'f_abandoned and cultivated fields. It was absent in the thick

forests, however a few burrows were shserved in the Fforests
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Table: 17 Relative abundance (Number of active burrows/
250 nf ) in different habitats.

Hakitat Relative abundance
L Forest 0.9
Grass land B.6
Ahandoned cultivated fields 14.3
. Cultivated field 11.2
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along the grassy areas. These burrows were the axtension of
the burrow system of the voles living in the adioining grass
land. Not a single cultivated or aon-cultivated field was
found where this vole was absent. However, the vole was not

present 1in some Brassy areas as it also required some othexr

" suitable conditions. The cultivated and non-cultivated

' fi$ld5 were the most preferred habita® of the Murree vole.

 MICROHABITAT
“To evaluate microhabitat the following variables

A, Plant density
o B; Vegetative cover
g, 80il.

i. Organic Matter

ii. SBoil Texture

iii. Soil Depth

D. Topography

(A} PLANT DENSITY
3alliat is very rich in ground £lora (Bppendix-
II}. During summer all the ground 1= covered by the
herbaceous plants. Food plants of the Murree vole werse well
distributed over the whole study area. Even these plants
were quite common in those places where the vole was absent.

The plant communities of two areas (where voles were present
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and where they were abhsent) were analyvzed and coman ity
. gimilarity poefficient was calculated, which showed not muach
difference petween the flora of the twe areas (93.35%% of the

- plant species were common in both the commuinities). This

indicated that the presence of food planhts did oot intluence
t+he habitat of the Murree vole. 1t is not surprising since

the vole is a generalist in feeding hahits. Any difference

betveen the plant communities of the inhabited and non-

inhabited area seemingly did not affect 1its distribution.

However it had exploited some plants like Rumex, which had

clunped distribution in the area, for 1ts hahitat., It was
noted that wherevex these plants was clustered, the Daromoets
were Found.

(B) VEGETATIVE COVER

The Murree vole has a permanent home range in the
form of burrowing system, which may spread over an .area of
more  than 450nt . Most of the activities were armfined to

its Dburrow. In March, November and December there was no

'3Q[;yegetation and wvegetative cover was almost zerc. Normally
-vqwhen: the vegetation cover was ZIero most  of the food was
' gathared‘at night. During the day it fed on the grass just

very close to its burrows, thus avoiding any threat of

predators. Even in spring when the wvegetative cover was
maximum, a number of burrows were active 1in those areas

where the cover was almost zexro (Table i8}. At Mukshpurl



73
peak, a vole was observed collenting dry grass, perhaps for

nesting, from an area where there was no vegetative oover.

ot

8o the possibility that vegetative cover might regulate he

habitat of the Murree vole is ruled out.
- () BQlL
'  The distribution of the vole like other fossorial

'g;roﬁénté is determined by the s0il types. The seil of the

area, where the Murree vole ocourred was quite different
£yom the area where this vole d4id not occeour. Beil texture

1 :_' _ played an important role in the selection of the habitat by

the Murree vole.

The analysis of the so0il  texture from different

localities 13 presented 1in the Table 19. The scoil in
Galliat was compeosed of two distinct layers or horizons.
Hingon A, which was quite distinet and was of black or darl
'COlpur, and horizeon B was of light colour. Horizon A can be
-diﬁséified as a loam or silt loam, while Horizon B was
cla&éf.‘ The analysis of soil samples collected from
different localities where the vole was found, showed that
~there ix not much difference among zo0ils of the localities
as far as texture is concerned. The soil of Murree, which
'lies at a distance of 27 Km from Dungagall does not differ
.ﬁuch :from the rest of the localities 1in silt. The data

:{Table 19)_indicate that the Murree vole seems to praefer a

"~ habitat where the silt percentage 1is aboulb 40% or more.
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Tabie 19. Comparison of soil texture,
Tocalities,

five different

sampled from

75

Locality Sand 571t Clay Organic
(%) (%) {%) matter (%)

.1. Kalabagh 28.6 48.0 22.4 6.45

2. Nathiagali 35.8 55.8 8.4 6.28

3. Dungagali Lk, 0 47 .6 8.4 7.3%1

4. Tauheedabad 43,6 50.0 6.h 6.97

5. Murree 51.8 39.8 8.4 6.93




There was a strong positive corralation (r = .97 t = 8.03
df=4y P<0.05) belween dapth o# Horizon A and the Murree vole
abundance (Table 18). Burrows were seldom found in soil
having horizon. A less than‘is cm deep. The Murree vole i3
a poor digger and gravel and rocks also effected 1its
distribution (Table 18). In the area where there was few
rocks or stones the vole constructed the burrows all around
the rocks instead of burrowing underneath them, Those area,
where rocks occupied more than 70% of the total area, the
vole was entirely absent, ralative abundance was correlated
with presence of rocks (r = .89; t = 1h.B; df = 4 P<0,05).

The Murree voleg was not trapped from forest area

bet i+ was found quite abundant in the open Tand because

"*[sdf? “in these areas Wwas comparatively compact, Galliat

hébeive5 heavy snow fall and in some vyear the soow fall
éxceeds 2.5 meters. In the case of construction of burrows
in the loose soil there is a danger of damage-to roof of the
s0i1 due to weight of the snow{ At Mukshpuri peak, 1t was
obsaerved that the roof of the burrow was depressed but not
fallen.

{0) TOPOGRAPHY

Topography also plays an important role in the

selection of habitat (Table 18). Moat of the burrows wers

. observed on the edges of lawn or terrazes or along the

‘slopes of the hill. when snow melts or during rainy sz2ason
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season steep slopes may provide better drainage. 1t was
almost absent in level ground. The minimum slope it required
was 10°, Above 1 slope the relative abundance was almost
the same (Table 18). |

Grass (Poa pratensis) also playved an important
role in selection of habitat. Many grass areas {including
lawns in the residential areas) was oocupied by this vole.
Its abundance in the grass land was correlated with the
percentage of area océupied Ty ﬁhe grass (r=9; t=18.4; d4df=4;
P<0.05) (Table 18). The roots of the grass held of the seil
and prevented any collapse of the roof and grass also
provided nesting material. There were grass lands, whers no
vole was found. In these areas other conditions like seil

texture, soil depth, slope etc. may not be favourable.

DISCU@SIGN

In choosing a habitat in which to live, fossorial
rodents presumabkly are more responsive to certain habitat
feétures than others. Various studies have shown that these
features include s0il type in Kangroo mice {(Chiselin, 19701},
. the diversity of Dbranching patterns of density of logs in
'Eg;mbgggug leugopsus {MCloskey, 1975), presence of low
vegetative cover in Micretus penns anicus {(Grant, 19713,
lack of vegetative cover in Dipodomys marriami (Rosenswelg,

1973), presence of specific kind of plant in the case of
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Neotoma lepida (Brown gt al., 1972) and the presence of

fspécifia'”food'typas in Peromyscus maniculatus (Drichamer,
1976).

In the present study it 1s clear that depth of the
Horizon A and the texture of theb s0il were the most
important factors in both the geographical and habitat
distribﬁtion of the Murree vole. It is well accepted that
the s0il  texture influences the distribution of burrowing
mammals and many authors recorded gross characteristics of
the soil where subterranean rodents have been trapped for a
Variety of purposes (e.g., Grinnel, 19223 Allered and Becks,

£ 1963; Jorgenoun, 19633 Esinberg, 1963), It has Dbeen noted

_thatgsoil_type influences the distribution of pocket gophers

o
oy}

 (Kenerely, 1954; Howard and Child, 1959; Wilks, 1963;
.:Miilér. 1964) . Hardy (1945), in the most  extensive
jih?éstigation of correlation of s0il type with rodent
diﬁtribution. raported vary Aistinet association of
:fgﬁﬁﬁfial mammals and soil type in  South Western Utah
{UJS.A); His data indicated that soil texture was related
 tq the distribution of several species, apparently excluding
.56me”rhdénﬁs from either fine or coarée soil., Ghizeline
(1970) wﬁile discussing the edaphic contrel of Kangroo mice
stated, that where Microdipodops magacephalus and M.
palladus are sympatric, M. megacephalus is found in gravel

so0il, while M. pallidus is restricted to sandy sail.
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Most of these authors concluded that +the ease of

digging mist effect the liklihood of survival of population
5f tossorial animals in an area. Miller (1964) stated that
if the ease of the digging was the only problem, one would
expect that fossorial animals would use only their teeth and

abandoned the use of their claws as Spalaw ard

Heterocephalus have done. Ghiselin (1%70) stated that

habitat selection is an innate behavicur and iz subdect to
same  type of evolutionary adjustment as mnorphelogical or
physiolegical trait. Cholice of a habitat in which
eharacteristigs of an  animal permit it to exist, must be

[

advantageous and where its survival is Favoured over less
suitable places.
The high field porosity of sandy s0il and low

field porosity are nwore likely to be the factors determining

- Bophers distribution (Mcnab, 1966). Consideration of the

porosity of the soil is important, since all gas requiremant

of an animal living within the burrow must e mat by

- diffusion through the s0il. Penman (1940) has demonstrated

that diffusion of gases or vapours  through a s0il  is

dependent upon the soil porosity.

The Murree vwvole like other fossorial rodents,
might be facing the some problem of gas diffusion but unlike
pocket gopher and majority of other fossorial animals, the

problem of gas diffusion would be more severe For the Murree
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vole, who lives in colonies. The total rate of metabolism
of a oolony is likely to be much more than that of pooitet

h haz a low

ot
o
ot

gopher leading a solitary life. So the zoil
rate of gas diffusion may be rejected for habitation v the
Marree vole.

Clayey s0il has greater total porosity knm. of
pores per unit area) than the loamy or silty loam but poreas
are much smaller requiring a greater force, because of
retention of water due to capillary acticn (Monaly, 196617.

Though the soil texture iz the major Ffactor in
determining the habitat of the Murrse vole, its exlsatence in
a habitat also depends on other factors like grass,slope and
presence of rocks and roots of woody plant. The minimum
slopé requirement is  10°, which helps vole to solve +the

drainage problem. Grass (Poa pratensiz) is not only a

nesting material but it also holds the soil of the burrows
roof from collapsing. Being poor digger it prefers +to
inhabit those areas which are free of rocks and woody

material. This may be one of the reasons for it preference

L

for the cultivated and grasslands, where roots and rodks are
removed. One may conclude that +the following are the
minimum requirements for the Murree vole to exist in a

particular habitat:



A,

b’

Loany soil

more than 15 cm depth of so0il Horizon A

10 slope of the ground

more than 20% of the grass area

more than 30% of the area,

free

af rocks.

gl
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CHAPTER-IX
BURROW SYSTEM

The burrows serve the Muxrree vole for sheltex,
protection from enemies, as means for passage of food and as
a place for rearing the young and to protect the animal from
rigors of ewxternal environment. The social vole $peﬁd8 most
of its 1life in the rlosed system of underground tunnels.
The burrow system constitutes the vole home Tange. Peing
social, a system is occupied by a number of ymung::
subadults and adualts.

The Murree vole excavated an extensive net wwﬁk of
branching and anastomosing tunnels with attached nests and
resting chambers. (Fig. 8). Unlike Gophers and some other
fFossorial rodents, which construct a close burrow svatem Dby
plugging all the surface connections with earth when not
actually being used, this vole formed an open system and
only few burrows were plugged. Each system had several maln
tunnels which 1an more or less parallel to the ground,
relatively at shallow depths. =~ About 0% of the system was
observed just 20 cm below the ground in the s3o0il (Table 24).
The longer horizeontal tunnels had laterals at frequent but
irregular intervals. Many short laterais ascend to  the

surface, where they terminated in excavated mounds and other
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Fig 8. Plan of b jing system of H. wynnei.
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]dr4; ‘- conect the main laterals. Some of the tunnels were

' _davp into the s0il and their depth apparently depended on

r*itha thlcknpss of the black soil. R few of them vere observed

t 35 cm. ‘Slanting and vertical shafts connect 1hP ahallow_

:”f tunnels w1¥h fhp dpep tunnels. Tunnels were made. in any and -

all_dlrecLlon for the purpose of Finding Lood.

Thp nest chamber was in the middle of +the system.

3ZBESLdPs ‘nest chamber one or two chambers were also made for . -
'-:fepdlng and xestlng. These chambers vere dome-shaped and

" lied at the depth of 10-25 cm below the ground. More than

'-fhalf,of the chamber was 1in +the clayey soil. The chamber had

t+he rest of the system. Nesits were composed of pieces of

brought the pieces of dry grass to rthe entranc

three oxr four openings through which it was connected with

dry grass, clothes, fibres and peolythene bags left by the

i}

tourists. The faeces was not thrown out along with the
exravated soil and was not found in the hurTows .
Defascation areas were not found in oY near the nest or in
réstimg chamber. It seems probable that fascal pellets were
dumped in the burrows system and not outside the burrows.

. vole was observed collecting nesting ma*pllal at
Mukhshpuri peak during monsoon Se3ason. The vole first

of the hole,

v

quite hidden in a depression. NAfter collecting the makterial

near the entrance, it was carvied into the tumnel.
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" puring winter the vole constructed two type of the
ga11ew§es above at the interface of the ground and the snow
xcover.' }In one typsa after‘consfructing the galleries on the
 §59u5d,.they were Filled with the excavated soil. The other
  9&1]&?%¢%; on the surface of the soil were constructed for
:ﬁ foragjngr Most probably, due Lo snow cover the ground
: surface does not get below freezing. According to Roberté

(1877) Hyperacrius wynnei occcupias an equivalent ecological

niche in the Himalyas to the snow vole, Microtus nivalus in

the northern Europe. When the snow melts these tunnels cah
be seen which are roofed over with a thin layer of matted
chewed vegetation and soil particles. Roberts (1877) states
that this prevents the snow arch from collapsing.

Most of the tunnels open on the slope of the hill
or on the edges of the terraces where the vole easily push
the excavated soil and it also solved the drainage problem.

The total annual rainfall of Nathiagali 15 about:
250 cm and mostly occurs in July, August and September
{Appendix-I1). The burrowing activity recorded during 1987
is shown in the Table 21. The excavataed soil was cleared on

Ist May and observations were made on 15th of each month.

Little excavation was observed before July but
f_there was 8 consistent increase during July to a paak ih

'  August. " The peak was followed by a decrease in September.
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Table 21. Burvrowing activities of H. wynnei in Jdifferent
months. Figures show the amount of s0il excavated

(in oo }.
Month Plot Plot Plot Plot Plot  Average
I II IiX IV v
Mavy 2.2 2.4 2.5 2.4 2.3 2.36
June 2.1 2.6 2.7 2.5 2.8 2.54
July 11.5 19.5 18.4 17.3 18. 58 17.04
August 16.5 18.8 16.3 i9.6 18.5 17.94
September 14.5% 13.3 14.8 15,2 12.3 16.02
3 B.8 10.4 8.6

__Dcteber 8.9 5.4 9,

- November 2.3 2,

]
LG
5_1
}.—1
n
{ad
N
T
&
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when the vole activity was plotted against rainfall (Fig.9)
.it was noted that the burrowing activities correlated with
the rainfall. The activities were maximum during monsoon
Geasons.,

when the extent and complexity of the burrows
system 1s considered it is obvious that the Murree vole must
haye excellent sense of orientation and diresction to avoid
getting lost and axpending much energy in trying to find the
way back to the nest. The sehse of orjentation was observed,
when the parts of their burrow system were destwoygd, new
burrows adjacent to original site were constructed.

puring monsoon season a few juveniles were

' observed wandering on the ground, The juvenilas exhibited a

'fo Jimited,sense of orientation; if they left the burrow it was

"”ﬁﬁﬁite'dffficu1t for to locate them.

| During excavation of theé burrows no vole was
caught or seen but they were obsarved throwing soil from the
pburrows during pauses. On many occasions the tracks of the
burrows were lost and tocated only the following morning by
the newly excavated soil. On one occasion after finding the
nest material, it was not disturbed but tﬁe next morning it
was thrown out by the voles., Moreovar if the excavated sofl
“is disturbed or a ‘trap 18 placed in Tront of the entrance,
  th§_ije within next few minutes will come to know about

afthat and will throw soil on the entrance.
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DISCUSSION

The Murrse vole lives in an extensive and complex

- burrow system like most of the permanently fossorial rodents

(African mole rats, Genely, 1%6%; Jarvis and Sales, 1971;

¥x)
in
o
=3
or
a

ﬂpquet gophers, Miller, 1954; Howard and Child, 1
burrows in these animals serve for shelter, protection [xom
'éhémias,fas é_ passage ways [or obtaining and storing food
;and as place for rearing +the voungs {(Andersen, 19873, As
Iﬁgles (1952) pointed out, the burvow syét&m constitutes the
'héme range or territory of the fossorial rodents. Once th
home range 1is established by a fosgsorial rodents <fhat has
lived for one breeding season (in the case of pocket
gophers), it tends to remain in that burrows Lox th&‘TQSt of
life except for minor boundary changes (Howard and Child,
1959). In case of the Murree vole like the other fossorial
rodénts, the burrow system is its permanent home. But
unlike these animals the burrow system of the Murree vole is
ooccupied by a number of  individoals comprising adults,
subadults and YOUng# . . Pocket gophers, shortly after
. weaning, disperse over lands from the maternal burrows and
eanh excavate its own tunnel system. Even, after breeding
two sexes also separate and each sex has its own home range
(Howaxd and Child, 195%; Nielson, 1%86). The Murree vole on

- the «contrary lives in colonies and all +the member of a

 ¢0lpny remains in the same system throughout theixr life. In
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this regard it resembles Heteyocephalus (Jarvis and Sale,

1971) and _Q;xgﬁgmig (Pearson, 1960; Cenely, 1965) and
Spalacopus (Reig 19700, in which c¢olony formation woCCurs.
Heterxocephalus also has evolved an adaptive heirarchié cast
structure (Jarvié and Sale, 1971).

Burrow system of the Murree vole is an open system
when compared with other fossorial rodents. Pocket émphers
and Mole-rats seal a part or all the burrows to the surface.
The earth is tightly packed inte the tunnels and sealing
makeslthe burrows predator proof.

In the Murree vole for the time Dbeing a few

© . burrows are closed by the excavated s0il, but once the
oo oexcavated soil is washed by the rain the burrows remain open

'For ‘the rest of the period.

ff . A1l the fossorial 1rodents are aggyessive and
solitary in their burrows (Mcnab, 1966). Since small
mammals‘do not indulge in songs and plumage display as birds
do; this requirement may be met instead by fighting that
occours between individuals. Territorial system is only
relaxed during breeding system and various combination of

adult males, females, and young: are found in  the same

}bﬂrrow syztem. Territories are roestablished at the end of

the_breeding_ season (Miller, 1964). Rut no territorial

~system was observed in the Murree vole. No wounds or SCars.

were noted on the body of the vole throughout this study.



" One male vole vas trapped in June 1985, in which a toe o

‘hind feet was not present and in another female, half of th

22

rh

tail was missing. But this might he accidental. Absence of
wounds and sSCars indicate that +the HMurree vole does not
defend its home ranges.

The Murree vole jives in soft and porous soil, it
has not .developed its incisors- like gpalax or member of

family Rhizomidae, and Balthyergidas. The Murree vole digs

"~ ‘the burxows by its fore-pavs. The hasic Jdigging movenents

" aolosely resemble those of Tachyoreptes and Heliophobius.

=Théj7sdil is scratched by fore-paw and loogened soil is-

1

oil is accumnlated undexr

L

cleared also by the fore-feet. ;

“{ theL;aEdoman_and then the hind-feet come forward, wollect

* and kick the soil behind the animal .

. By increasing the length of the purrows, the

Muxrxree vole increases the adeqguale diffussion of the gases.

‘When the s0il porosity is decreased during monseon Season
“the vole tends to burrow extensively. This behaviowr may
. function to increase +the available oxygen during low soil

~ppr¢5ity'due to high moisture.

More than 20% of the hurrows are shallow and these
superificial buxrows contain a large volume of the alr near
the external atmosphere, which perhaps increases the rate of
gas transfer, since the rate of g2as transfer 1s inversely

proportional to the depth of the harrows (Monab, L1966},
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Ognev (1963) observed large numbexr of Myvwsphalaz coming ouat

T of burrows, whpn the ground 1is covered by the snow.

According to him Mvospalaz crawls out Lo avoid suffocation

: be§ause ice has a vexry low porosity. This may he true forx
v~the Muxree vole,‘ which may nobt cone out in large numbefs
:illke migggglgﬁ due to its extenssive bhurrov gystem but the
ﬂw runways whluh they build on the ground and balow thé SNOW,

';may help thom o overoone suffocation problem.

wintex co nditions may bring about more movements

than occurring in the snow-free pericd of the year.
Northern pocket gopher may use the sneow  pack to Qross
barriers in their habitats, such as streams, wet meadows or
unfavourable s0il  types, teo o TF sach 8 new ground that
'previously did not harbour pocket gopher {Vaughan, 19631.
According to Turner et al. (1973) melting of the snow pack
regquired movements back to the subterranean system 1n pocket
gophexr, but not necessarily the same one cocupied in thel
previous snow-free period of the & year. But no such
obhservations were made in the Murree vole., All the burrows
constructed above the ground were ohserved in  the areas

where undergound bUrrows existed.

Normally foszorial rodents construct their burrows

at a place, where the water drains quickly. Haliogephalus

.~ has much of its bharrows OnR raised areas (Jarvis and Sale,

“1971). During winter Thomomys talpoldes populaktion uvcuplpu'
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slopes of 7% , although they may be apparently restricted to
slopes of 65° or less in sunmer (Laveock, 1953). When the
snow  melts in mountain habitat, steep slopes may provide
better drainage. Major porticn of the burrows of the Murree
vole iz aleng the slopes of the hill or at the end of
terraces, which may help them to overcome drainage problem
not only in the winter, when the ground is covered by SI10W
but also during the rainy season. Moreover on these slopes,
snow is cleared a bit earlier az compared to level ground.

The Murree vole, like most of the fossorial

Crodents, colleats Ffood, and food plants are pushed into the

:Hpbuxrows. - They were found feeding on the ground during

© " monsoon. Other fossorial rodents also store these plants in

thé burrow (Smith and Reichman, 1984). No such storage
areas were Ffound in the Dburrows. The sanitary areas were
most probably overlooked Dbut it iz unlikely that special
storage areas would have been missed. Hill et al. {1958)
and Jarvis and Sale (1971) also failed to locate edither of

t+he areas in the burrows of Heteroccephalus.

The length and complexity of the foraging hurrows
is_aetermined by the availability wof the food and energy
fizpégg;rgment of the animals (Andersen, 1938}. Tachvorectes
_e&ﬁé.a wide range of plants material, has a shorter burrow
systen. Females with greater food requirvement Jduring

pregnancy, lactation and weaning of the veoung, have Lauvge
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burrow system +than males. ﬁetermceghalus burrows are mach

larger and moxre complex because 1t lives in semi-desert

)

. habitat and is also a colonial in habits. The Morree vol

=

in the complexibty of the bharxrow

‘resembles Heterocephalus

~. gystem. The vole though dees not live in semi-desext. ut

- conditions in winter ave likely to resemble that of A&
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CHAPTER-X
REPRODUCTION

Studies on reproductive hiology of the Murrese vale
were focussed on pregnancy rate, aumber of enbryos, prenatal

losses and changes in testes length.
A. PREGNANCY RATE

pregnancy rate, the prdportion of females pregnant
at any given time, is an imp@ytant component 1n polyvestrous
mammals. Small mammals are considered pregnant when the
embryo becomes visible. Normally in voles the embryo becomes
viéible after 6Gth day of pregnancy {(Hof fmann ,1968). But the
Eman: problem in determining the pregnancy réte Qoncerns
7ﬁ;§itﬁ”thé denominator i.e. which females to include as

*”pﬁtéhtially mature females. Leslee et al., (1952) were the

 fffi£§t7t¢Vpdint out this problem. Keller and Kreb (1970) have

discuﬁéed this preoblem in detail. According Lo +hem one
ébﬁrmach to this problem is to include all the females ahbove
dartain- minimum weight or length as mature and the other is
to consider only the females with corpora lutea oY COTPOTa
albicantia. The First apprecach Ilgnores the possible changes
in weight at sexnal marbturity; t+the second approach avolds
.ﬁﬁis problem but hecomes taubology by stating that only

" females of demonstrated reproductive capacity are mature.
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In this study a females with a mass of 40 grams or

more was considered potentially mature. Cnly one female
below this weight was found pregrnant. The females were
divided into three classes. All the weights were cofrected

for embrvos.

Class I 40 gm to &5 gm.
Class II &5 gm to 50 gm.
Class III 50 gm & above.

In testing the pregnéncy rate due allowances were
made for any variation in weight Aistribution by calculating
the expected number of pregnant females, following the
method described by Leslei gt al. (19521},

A total of 241 females were examine&, cut of which
91 were pregnant. Their was - no significant difference
bétween the pregnancy wate of the two vyears, 37.3% percent
females were pregnant in 1985 and 39.89 percent in 1986.

The Murree vole did not hibernate and was achive
throughout the year. The snow falls from Wovember to March,
when most of the land is covered by the snow. During winter
(December +to February) very few specimens were trapped.
This winter sample also had pregnant females, which
indicated that the voles also bred during winter. The winter
Ereeding is further confirmed by the fact that the voung

voles were trapped in March.
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In the absence of a breeding season and no
5}d1fferenue between the pregnancy rate of the two years the
'idata;have been pooled into three seasons i.e. spring (from
'3_3ﬁ§rdh to May), summer (from June to August) and nutumﬁ (from
séptembér o Nermber) and examined for difference in the
pregnancy rate of' three seasons using chi-square test for
homogeneity. Tables 22 and 23 show the proportion ﬂf‘fe ales
pregnant in each season., Ho significant difference wWas
observed among the three seasons in any of the Lwe vears
\{fig,lo) (1985:X}=1.35; Af=2; P>0.30. 1986: Li=2.63; daf = 2;
P>0.05).

In order to examine seasonal effects more

'5f,"r1tlcally the data of each year were ElOUDEﬁ into twm

'monthw blObVW (Tables 24 and 25) and evamlned fnr ﬁlfference

‘,_,;1ngthe pregnanuy rate with in and among the blocks. In 1985

.3 00 ‘significant variation was observed (X7 = 3.13; 4 = &g
ﬁfP>D.20) but there was significant AiffFerence in 1986 (Xﬁ =
"“18.95;'df' = 4; DP40.05). When adicining 2-months bleock of

wg;1986 were Lompared (Fig.11) significant heterogeneity was

"{’0b«erved between July Aubust and September-October samples

._(X% _ _3}85 dfF = 13 P<0.05) and September-October an&
 1 Nnvember December (E? = 14,89; df = 1; P<0.05). In 1986 the
:highest pregnancy was observed in Feptember-Qctober period,r
Qﬁile November-December pregnancy rate was the lowest. When

September—@ctmber sample was excluded frrom the dJdata there



Tab]e 25, Rate of pregnancy of M. wynnei for
seasons during 1885

three
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Traping periods

Number of

Humber of

Percentags

females pregnant pregnant
R . females females
o spring 45 ih 3t. 11
summer 27 15 55.5
Autumn 38 13 3,21
Total 110 b2 39.18
Table 23. Rate of pregnancy of H. wynnei for different

sesasons during 1886,

Traping period Number of Number of Parcentage of

females pregnant pregnant

femalas females
Spring 31 9 29,03
Summer 38 15 39,47
Adtumn 56 24 b bhdy
Total 125 L8 38.4
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Table 24. Rate of pregnancy of H. wynnei, for two-months
periods, during 1986

‘= Traping period Humbex of Number of Percentage of
o females pregnant pregrnant
females females
March-April 25 f 32.00
May-June 20 8 44,00
i ' July-Bugust 20 -8 40.00
Sebtember400tober 36 22 61,00
" NéVémher~D¢cember 25 4 16.00
Total 126 50 39.68

;Tabla_25..Rate of pregnancy of H. wynnei for two-months
w7t periods during 1985, :

Traping period Humber of Number of Percentage
B females preagnant pregnant

S females females
_March~npril 39 14 35.89
May-June 14 6 B2, 86
Julvy-Bugust 19 9 k7,37
September-October 32 10 82,86
November-December 11 4 36.26

-\
Total 115 43 37.39
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was complete homogene ity among t+he remaining pericds.
Comparison made hetween the hlocks of the éame periods of
the two years (Fig. ll} &hnwpd significant heiplﬁgenplfy only
between September-October perlods (X2 = 7.79; df = P<0.05)
only.

Pregnancy rate in the weight class 3 was higher

L7 I

than the other two classes (Table 26). In class in 1985

‘.ﬂ»SZ% £emales were pregnant and 63% in 1986. In class 2,30%

““lfand 17% wele found breeding in 1985 and 1986, res pectively.
3[In_1985 number of females pregnant in class 2 'wag ¢+ lowex

than class I (Fig.12). However on the whole pregnancy rate

of class 3 was higher than in class I oxr 2. In November-
December period only the heavier females (Class 3) were Eound
with embryos. puring the same pericod in 1985 only one

female was found pregnant in class II. All the females in

class 3 had either placental scars orv visible embryos in

November-December period.

B. NUMBER OF EMBRYOS3

Among the factors whiclhi can influence the number

“.oF embryos produced by a female are maternal body welght,

»

previous reproductive experience and season. During two

vears of study a total of 91 pregnant females (having

‘visible embryo) and B85 having placental scars were trapped.
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Table 26. Rate of pregnancy in H. wynpei in different age
classes. Sample size is given in parenthesis

fk_ o Age classes Percentage of pregnant females
8 1985 1986 Combined for
: Lwo  vesrs
o1 21.21 25.56 21.62
(4D gm to 45 gm)  (33) (39) (74)
CEE | 35.00 17.1 25.33
' (45 gm to 50 gm)  (40) (35) (75)
3 52.38 63 . b 59.88
(50 gm and above) (42) (52) ey
Total ‘ 37.39 38.99 35,19

(L15) (126} (241)
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and

]

The embryo numbers varied from 1-4& per litter. Thre
four emb;yos/litter were very rare and only 2 females

-having 3 embryos and two females having four embryos were

' canght. 'Two embryos per litter was guite common as aompared

. to one embryo litter.
Number of embryos vary with the Dbody size in
majority of the rodents (Fitch, 1957; Kalela, 1957), while

there is nNo relationship between the body

i

in some specie
weight and number of embryo per female (Rose and Galnes,
. 1978). To analyze this relationship, correlation was

‘calculated using the two years data which were pooled

together. A significant aorrelation was Found between
. embryo numbers and body weight (r = L96: t = 26.03; 4f = 23

~ pe0.05).
EEOT Those’females having four or three ambryos were
'”ﬂ:npt_ included in the data, as the three four embryos pexr
fiiﬁter were very rare.

R To determine if there was any seasonal difference,
the . data pertaining to number of embryos per female were
' ;¢iassiﬁi¢d by three zeasons (Tables 27 and 28) i.e. Spring
;ﬂafqﬁ'.to May), summer (June to August) and autumh'
H.(Séptﬁgper to October) and were analyszed DLy ANOVA. No
significant difference was observed among the three seasons
of 1985 (F = .04; Af = 2,35; P»0.1) or 1986 (F = 2.8; af

2,33; Pr0.1). Same was the case when the corvasponding
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 seasons of the two years were compared (Fig.13).

In order +to examine the seasonal effect moxe
.élaéély,:thé:.total females were divided inte 2 months
ﬂj_ pexiqu_'(iables 29 and 30) and comparisons wWexre méde both
ﬁithiﬁ a year. hetween the adiacent bimonthly perinds and
cqrresponding periods of the two years (Fig.1l4). There was
nd_sighificant difference among the differenth corrésponding
"_pério&s betﬁ0 Vears .

.- :v   C6mpari5on of adiacent bimenthly periods during
”:19655 ﬁfig:ié) with respect to the mean of embryo numbers
fé;ealed significantly lower embrye counts in  November-
Deéember compared with September-October (F = 21.8; df =
1.12; P<0.05) or March-Rpril (F = 11.1: d4f = 1,165 P<0.G3).
A similar significant fdrop ocourred in November-December
sample of 1986: November-December averaged 1.00 embryo while
the mean value for Jeptember-CGotober sample was 1.77 (F =
9.,94; d4f = 1.24; P<0.0S) and it was further raised to 1.88
in March-April (Fig,l&). The latter two values wers
significantly sreater than the former. (F = 9.94; af = 1,24,
P<0.05 and F = 23.3; 4f = 1,103 p>0.05). It is interesting.
to note that in both the years all the females Juring April
had two embryos and in November-December had only one embryo

per female.
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Table 27. Mean litter size (= embxryo counts) of H. wynnei

:f F for +three seasons (spring, sumomer and aubumn)
: {1985).
- Period N Mean litter Standard
v size/re v error
Spring 14 1.66 + 0.14
- Summer 15 1.73 + .20
Autunn 13 ' 1.62 + 0.13

Total L2 1.67

|+

0.15%

. Table 28. Mean litter size (= embryo counts) of H. wynnei
o for +three seasons {(spring, sunmer and  awtumnan)

(1986) .
'&'Eeriod : N Mean litter Standard
R : sige/so 4 error
- Spring ) 1.89. T 0,13
; Suramer 15 : 1.46 4+ 0,12
- Autumn 2l 1.5 + 0.10
Total 48 1.56 + 0.11
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VfTéble 29. Mean litter size (= embryo counts) of H. wynnei
BT for two months periods {(1285).

o R ‘Period N Mean litter Standard
e S5iloe error
) March-Rpril 8 1.98 + 0.11
May-June g 1.50 + .87
; July-ARugust 3| 1.40 4. 0,05
September-October 22 1.77 + 0,22
November-December b 1.00 + .00
oy

L _:',f.-TablP 30. Mean litter size (= embryo counts) of H.wvonel for
- ' two months periods (1986).

Period N Mean litter Stan lard
o size exro
* March-April Tk 1.60 + 0.1k
May-June 6 1.50 + 0.28
;July-August 9 1.8 + 0.13
| pfembp Jotobex 10 1.8 + 0.13
' vaember*December by 1.0 + 0.00
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(O PRENATAL MORTALITY

"Reduction of realized littex size, given a
constant ovulation rate, could result from the failure of a

percentage of viable ova to be fertilized or from the intra-

1]
1

uterine death of one or more developing embryos. Losses of

4
1

the first tyre termed, preimplanation mortality and of the

.  Changes 1n

]

second type are acalled postimplanation losse
the fregquency of prenatal losses would affect the birth rate
of rodents (Keller and K;eb. 1976). According to +hem these
iypﬁses are associated with population density and thelr
' §ﬁq§rren¢e' is more pronounced during the peal season. In
 this jstudy prenatal mortality have been estimated for
;bimOnthly periods of 1985 and 1986. The preimplantation and
postimplantation losses were considered separately. Tabhles

31 and 32 summerize. the data on prenatal mortality for the

‘fwo years.

i. PREIMPLANTATION LOSSES
Preimplantation losses vesult from Failure of an
egeg to pass down the oviduct, to be fertilized, Lo undergo
normal cleavage, or to implant. since corpus luteum forms

‘at the site of the ovary where egg is liberated (Hamilton,

“_19§9). the number of - ova released can be approximated by

counting corpora lutea. IE the corpora count.  excesds the

~implantation count, a preimplantation loss is suggested. In
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“+his study counts were made by gross exanination of ovaries

under binocular dissecting microsoope. 7

ettt e g e et T s s T (

The sample for preimplamﬁation loss is too small

to give a reliable indication regarding any seasonal effect

(Tables 31 and 32). The total preimplantation losses were
5.4 and 7.0% for 1985 and 1986, respectively. No  lLosses
were revealed in July-ARugust and September-October periods.

The losses were maxXimum in November-Decembex samples. Over

33% (33.3%) and &0% (42.9%) mortalities were cbserved duxing

'7£his period in 1985 and 1986 respectively.

ii. POSTIMPLANTATION LOGSES

Intra-uterine (postimplantation) logses Tesult

_from the failure of an implanted embryo Lo survive to birth.

Losses have been attributed to gqualitatively inferiocw

Corpora lutea, social stress, maternal age and lethal genes

'3§Baﬁteq and Berry, 1967 ). In this study the losses were

détérmined from the count of amorphous embryos of greatly

reduced size compared with other embryo in +he same uterus.

Any grossly smaller embryo is  Aan indication of partial ox

complete postimplantation mortality.
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Table 31. Prenatal losses in H. wynnei in 1985 foxr two
o months periods.

.. Sample T March May July Sept. Mov. Total
B April June hug . Dot Deo,
" Number of . : 14 6 9 10 I 43
females (R)
Corpora lutea (B} 2h 9 16 19 & T4
Total embryos (£) 23 9 16 18 & 70
Nusiber of females 1 0 0 1 2 I
showing losses (D)
Ova lost (B-C) 1 0 0 i 2 I
Percentage of 7.1 0 0 10 50 9.9
¢ females lossing
DYVva (D/ﬁ'}
L Percentage of ova 4.2 0 0 5.3 33.2 5.5
RS lost (B-C/B)
Resorbomg embryos 0 0 1 0 2 3
(E)
R Percentage of 0 0 6.25 0 50 b2
) v embryos lost (E/C)
Number of females 0 0 1 0 2 3
with resorbing
embryos (F)
Percentage of 0 0 11.1 0 50 6.9

females with
resorbing embryos
{(F/A}.
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Table 32. Prenatal Tlosses in H. wynnei in 1886 for two
months periods

» Parameter March May July Sapt. Nov., Total
E April  June Aug. Oct. bec.
Number of _ 8 8. 8 22 b 43

females (A)

"Number of

Corpora lutea (B) 16 12 i1 40 7 T4
. Total embryos (C) 15 12 11 38 4 70
" Number of females 1 0 0 2 3 4
“showing losses (D)
" ova lost (B-E) 1 0 0 2 3 b
_ Percentage of 12.58 0 0 9.1 75 9.9
- females

lossing ova (D/A)

" percentage of ova 6.25 0 0 5.0 h2.8 5.5
Resorbing embryos(E) 0 0 2 1 9 3
Percentage of 0 0 18.2 2.6 0 4.3

€5f E embryos lost (E/C)

Number of females 0 0 i 1 0 2
"with resorbing
embryos (F)

" percentage of 0 0 12.5 b5 0 4.8
. females with
“resorbing embryos

A
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Although some small embryos may survive upto birth, bt
after birth they cannot compete with other ofsprings and may
die. According to Rose and Gains ({1978) this method is

conservative because some losses will occur before the

'Pmbryo is large enough to be visible and midterra losses may

'gbf un- notlced when implantation sites are obliterated after

énlargement of two adiacent placenta. Bubt 5ti1ll Thls method
gives good estimate of losses.

Tables 31 and 32 show the postlmpldnfatlnn losses

.ln 1985 and 1986 respectively. Only & femnales were having

small Pmbryms and one female was found in which the two

.Embrycs - wWere absorbed and the whole uterus was black. Like

'prplmplantatlon mortality, the data for postimplantation

'losses,was too small to make any reliable inferences about

the seasonal effect. In 1985 the mortality was 4.2% and in
1986 it was 3.8% (Tables 31 and 32). The average mortality

over the two years was 3.85%.

D. CHAHNGE IN TESTES LENGTH

The position of testes and degree of pigmentation
of scrotum are considered to be good criteria ot measurement
of reproductive competency of males in mammals. Batzli and

Pitelka (1971) give evidence for the unreliabiiity of the

o

former. Ivawe (198%) found neo correlatlon between the

position of testes and fecundity in shrew {(Crocidiers
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mable 33. Linear regression analysis of testes length and body weight
in the Murree Vole. T=test No: B=0 (R=Correlation between
testes length and body weight) .

Sampling N R Mean testes  Mean body Siope (b} T Inten
period length welilght SE {a})
(Xt5D) (X+8D)
{(mm) [ &)
March~-
bpril 13 0.855 4.92%0.59 47.7145.42 1 0.093+.017 5.483  0.25C
May-— - ‘
June 16 0.67 4.37+0.76  44.3415.99 0.0859%.025 3.477 0. 56t
July- E
pugust 17 0.912 4.53:0.99 45.4847.01 0.129%.015 g8.604 1.32
September—

October 28 0.857 4.77+0.70 46.43+£4.95 0,122+.014 8.485 0.87

“1 Noverber-
. December 19 0.723 4.62t1.23  46.2247.07 0.127+.029 4,329 1.2
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nigeriaeg) as all the males whether fecund or non-fecund had
abdominal testes. Like €. nigeriae, the Murree vole also

had abdominal testes in the juveniles as well as in the

 adults.

_ Fecund males were;trappad in all the meonths during
T'thié study. In winter only a few adult males were caught but
their ﬁastes contained sperms. The testes length ranged Erom
3 pnm  to 7 mm. As expected body weight and testes length
showed significant correlation. The data of the testes
length of 1985 samples are classified into two montﬁ period
and are presented in Table 323, No significant difference
could Dbe detected in the mean testes length 1in 2-months
_pgriod (F = 97: dF = 4,883 Pr.10). There was also
':hbmogeneity among the adjiusted teatés length in two month

.pétiod' (Table 34). The parameter which were utilized to
f:adjﬁsﬁ testes length are given in Table 33. Compariszon of
adjusted mean lengtll of the adjacent 2-months period also

did not show any heteroseneity.



TABLE: 34 Mean length of testes and body weight in

the
Murree  Vole. Adjusted esimates wtilize the
regressions coefficient (a and b for) of Table 33
- to estimate the testes length for 50 gm male.
ch
Sampling period N Mean Meart Slope Adiusthed
. body testes length (mm)
weight length testes
N : (g) {rom ) (X + SE)
A _ (X + SE)
March-April 13 &7.71 4.92%0.164 0.093  4.91+0.141
May—June_ 16 Lh 34 4 . 37+0.19 .85 4 . 6+0,128
July-RAugust 17 45.48  L.5340.24  0.129 5.1240.218
_ September- 28 L&, L3 L, 77+0.132  0.12%4 5.2340.113
: October
November - 19 66,22  &.62+0.282 0.127  5.11+0.207

o December




'7@ t¢mperate climate but it breeds throughout the yvear b

i1y

DISCUSSION
Breeding in small mammals 1s related %o the
environment. Normally in temperate region the mammals have z
peak breeding season, which wusually falls in spring ox
summer. While in certain desert and semidesert envivonments
breeding can occur any time of the year. In tropical or

equatorial regions the season varies sco little +that there i

i

no optimum specific breeding seasons and young are horn
throughout the vear (Sadleir, 196%9).

Becording to Sadleir (196%), those species which
.live in unpredictable environment breeding is confined toe a
particular season, while species of predictable environment

‘breed throughout the year. Though the Murree vole lives in

&

CEUSE
it  119§5 in burrows, which provide a relatively stable
environment. It comes on surface during August and
September, when the ¢limatic conditions are favourable and
there is a lot of cover. The underground conditions ave
less variable than above the ground conditions (Nevo, 197%).
In winter the temperature of the burrows of rodents 1is
higher than the ambient temperature (Mcnab, 1966). Noreover
colony forming habit of the Murree vole also helps them To

raise the temperature of the burrows.



it

Even species well-adapted o temperate olimate
which are seasonal breeders, when brought to stable
environment bred throughout the vear (Berryy 1970). For
example, feral populations of the house mouse are seasconal
breeders (Newsome 1969; Pearsons, 1%63; Delong, 1967) and
commensal populations breed throughout the vear (Smith,
1954 ; Anderson &t al., 1977). It breeds cqntinumusly under
constant laboratory conditions (Lidicker, 1965).

Another factor which affects breeding in temperate

1l

regions is light, but light or photoperiod may not affect

the  breeding of the Murree vole because its eyes are mimute

(vision is greatly reduced) and lives in dark conditimnsf S

light may not infuence the physiology of reproduction. Even

some . seasonal breeders, like deer mouse, when kept in

. darkness for two yvears bred continuously all this peried and

60% incidence of breeding was maintained throughout the vear

”(Whitaker,flgaﬂ). Clethrionomys species mature more rapidly

during long than short day-lengths (Tahka, 1978). But this

o

effect is easily suppressed by good food supply (Stenset
and Gustaffson, 1985},

The average pregnancy rate in the Murree vole wvver
the two vyears was 37.8% which could be ranked as one of the
lowest among rodents, if not the lowest. Flemming (1979)
reported less than 70% pregnancy rate in fossorial rodents.

Moreover like some tropical species of rodents, the
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pregnancy vrates in the Murree vole did not differ much in
 different periods. The only significant difference was

found in the periods of September-October and Novembexr-

1

eptember-Uotobexr

e,

. December 1986. The high pregnancy rate in
was followed by low rate in November-Decenber and average
pregnancy rates in the two yvears did not diftfer

significantly from one another. A relatively conshant vate

]

of pregnancy further supports the idea that burrowing
environment of the Murree vole is rather simple and stable.

Winter breeding is not a rare phenomencn in small
mammals and has been observed in a nunber of Lemperate
rodent species. In cyclic species the winter breeding is
not correlated +to temperature but is actually dependent on
~other factors like their stage in peopulation cycle {FKreb,
1963, 1964), the concurrent guality of the population
(Chitty, 1962; Chitty and Chitty 1962) and also the ammount
of food available during the late autumn and aarl? winter
(Srayth 1%966; Zeide, 1264).

In non-¢yelic speaie% winter breeding is governead
by the temperature. Pearsen {19%63) suggested that the warm
period during the later part of the previous year has
resulted in unusual number of house-mouse in Califernia in
3;?§0, In favourable vears, house mouse c¢an continue to
flﬁfé@ﬁg throughout the vyear (Hanson, 1984; Jannet, 1984)

Barnett and Dickson {1989) reported breeding of wild mice at



'during the winter of 1%85 and 86 respect

122
-3 C. SJemilarly Zeijda (1962) Aescribed how the winter
breeding was less intense during the period of extreme cold
in Clethiememve glareoplus. However, the direct factor
afFecting Dbreeding here was food supply as there were local
differences, depending upon the type of tree in the stand
where the mice were captured. In thias case the temperature
was not able to inhibit reproduction of those voles
completely. dehiller {(1956) gave a good account of the

effect of extreme cold on Rattus norvigicus living on

"}gérbage dump outside, Nome, Alaskha. This species normally

'_bfeeds all the vyear (Davis, 1%53), but under these

eﬁceptional conditions reproduction ceased during winter.

1t means that winter breeding in small mammals is
related +to temperature and to some extent food. From the
npmber of voles trapped during March and a few females
captured during winter months, it appears that unlike other
rodent species the winter breeding in this vole is a common
phenomenon and is not affected even by the snow covexr. The

study area (Galliat) received 120 cm and 40 cCm of snow

[

vely.

Another attribute of the

=

wrree vole was that 1ts
1itter size was very small. In fossorial animals the litter
size is normalty low. Flemming (12793 reported that in
fogsorial mammals litter size is less than 4.05. In the

Murree vole the average litter size was 1.56. This low
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litter size might be related to the availability of the

food. Though the food was in abundance in the spring and

summer, the’ vole oollected food only near its burTows .

During August and September it oame ont from its burlows but

:‘lt did not go far off from its burlnwa. Moreover during this

vole also collected the nesting material and
requiring a considerable amount of enewgy.

Figenbersg and Isgaqg (1963) suggested that smallexr littex

‘Elae in some desexrt- lLiving rodents like genus Dipodomys may

be adapted as this reduﬁpa the maternal strain. In majority
f 'rodent the femmales inecreases thelr food intake during

lactdtlmn and +hus deriving a large paxt of the putrients in

ﬁﬁhe' milk from direct feeding, where as some drain their CWTL
' ubédy reserve to produce milk to & remarkahle degres

:Hamllton (1962) reported that reduced Llitter size in
| Eh@nacomys longicaudata would reduce metabolic drain on the

'muther before partu11tlan and prior to weaning. He fuxrther

showed how litters of twe in this species will always out
weigh and outgrow litters of three. The sole diet of

longicaudata is Donglas fir needles. Though the fowd is in
abundance, it is very low putritionally and may be the
possible cause of relatively low litter size. The Murree
vole does not have any reserve of ford in the Dbody and is
depended on the direct feeding. 5o maternal strain has been

reduced by preoducing one or two offsprings. Guality
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offsprings is greater in small litter size than in large
littexr size (Miller, 1984). |

‘It seems likely from the available evidence that
seasonal alteration in litter size has a more uniform
pattern. There was no difference in the mean embryo number
jfpom . March to September of the same yvear and also between
gﬁ;ﬁﬁéz;éame period of the two years. Whereas the mean embryvo
ﬁﬁmﬁer in November and December was significantly lower,
.wﬁén there was shortage of food. During this period a female
had only one embryo and only heavy females were pregnant. In
'March—April 1986 it was significantly different from other
period but it may be a seasonal effect.

A positive correlation between altitude and litter
size has been reported in a variety of animals (Lord, 1960;
Flemming, 1973; Gutsafsson and Batzli, 1985). But in the
Murree vole there is no relation between litter size and

-altitude. The wvoles collected at Muksh Puri (2928 m) and

:Miranjani (3290) had one or two embryos.



CHAPTER-XI
POPULATION STRUCTURE
Al SEX RATIO

sex ratio plays an important role in the structure

: of‘mémma1ian population especially if it departs from unity
d.es 131, However, traps-revealed sex ratio may be biased in
favour of one sex, depending upon the type of traps used and

"_rhabitat of the two sexes (Myers and Kreb 1871). Greenwald

(1956) recorded fewer males of Microtus californicus taken

‘by uée:of museum special traps. However Keller {1868) also

using snap traps, caught a slightly higher proportion of

males of M, ochragesta and M. pennsylvanicus., In this study

snap and gopher traps were used to catch the vole. It was
observed that males were in excess in snap traps but the
difference was statistically non-significant.

The sex ratios of the Murree voles trapped during
1985 and 1986 are shown in Tables 35 and 36. The data in
these tables are classified by two age Jgroups i.e. juveniles
and adu]fs and three seasons. The overall sex ratio was 314
(45.4%) females and 377 (54.6%) males. A chi squared test
revealed that sex ratios did not vary significantly from 11
(X*=5,2; P>0.05).

The juvenile sex rétios did not change with season

in 1985 or 1986, The adult sex ratio axhibited significant

seasonal variation in 1985 (X =6.37; P<0.05) but not in 1986
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(X =1.33; P»0.05). When sex ratios of the same aeasons of

31}

the two years were compared (Fig.15), there was a complete
homogeneity in the : ratios of both juveniles and adults
" except fcr summers, when propoxrtion of females in  juveniles
 ‘was significantly higher (57.1%) in 1986 than in 1985
 ]16;2%}i(X§:9.48; P(G.OS). This .diﬁcrepansy.in ﬁhe Sex

ratio during the summer of two vears cannot be explained

o with the present data. It might be dus to differential

. morta1ity of young one of the two sexes during July and
 _Augp5t when they were active above the ground or may be just
a | c?jaxace .
The data was also tested for deviation from the
' fnormal 3ex »ratio, il.e. 1:1. Bex ratio in adults Ffavoured
-_femalaﬁ_in[all the three seasons of the two vears but the
 ¢va£iatidns_did not deviate statistically from the assumed
“sex ratio of 1:1. In juveniles, males predominated during
spping and autumn seasons of the two vears and also in
summer 1985 with sex ratios deviating significantly from
1:1. But in summer 1986 the sex ratio was more o less
balanced. It may be assumed that in juveniles mortality was

higher in males resulting in balance sex ratio in adults.
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~}

Table 35. Sex ratios {percentage of females) of samples
. grouped according to two age groups i.e Juveniles
~ and adults and three seasons of 1985.

Juveniles Bdults
Traping Number Number Percen- Number Number Fer-
S period of of tage of of of RN
: males females females males females tage
' of
fema-
les
 Spring 8 2 20.0 30 Lk 59,50
Summer 31 6 16.2 42 27" 39.1
Autumn 32 10 23.8 3k Ll Bl .7
Total 71 18 20.0 106 i1l 1.4

Table 36. Sex 7ratios {(percentage of females) of samples
grouped according to two age groups i.e Juvenlles
and adults and three seasons of 1986.

Juveniles Ldulitsy

Traping Humber Mumber Percen- Humber HMNumber FPer-
period of of tage of of of CEr
males fenales females males females tags

of

fema-

; les

Spring 24 12 33.3 50 32 Lly kg

Suramer ) 20 57 .1 35 L0 53.%

Butumn 20 16 bl & 66 64 49,3

 Total 59 48 Lh .9 141 136 55.1
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Fig 15. Seasonal changes in sex ratios (expressed in percent
of females), of II. wynnei during 1985 and 198¢.
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B, JUVENILE -~ ADULT RATIO

Two age classes were established vn the basis of
welght. Tndividuals weighing less than 40 gm were
mec§ﬁs¢dered Juveniles, while individuals with a weight of 40
g5 of ﬁore were placed in adult group. Tablies 37 and 38
IShow the number, percentage and juvenile - adult ratios.
Adults constituted a major portion of the population each
year.. out of 691 voles trapped during the two years only
196 were Juveniles. The Juvenile-adult ratio was 0.41 in
1885 and 0.39 1in 1986, These ratios did not vary

significantly from one another (¥* =1.1; P>0.1).

when the juvenile-adult ratios of three geasons
were compared, no significant difference was observed in
1986 (X*=5.1; P>0.05) but there was significant variation in
'the'.ratios in 1985 ({X'=15.6; P<0.5) which was due to very
llbw number of juveniles (11.91%) in spring. While the
ratios in summer and autumn were more or less the same
(Fig.16). Low percentage of juveniles in spring, 1985
sample might be due to low snow fall as sunow provides not
:Qﬁly cover against predators but also protects them from the
ektreme climatic conditions (Roberts, 1877). pue to low
snow fall most of .the area from January to April had no
snow. Absence of snow cover might have resulted in high

mortality of juveniles. Howevelr,
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* Table 37. Number of Juveniles and adults, Juveniles
percentage and Juvernile/Adults ratios in three
- seasons of 1785
: Period Total No.of No.of % Juvenile/Adult
Juveniles Adults Juveniles ratlo
Spring 8L 10 7k 11.9 0.1k
' Summer 106 37 69 34,9 0.54
,.-J‘
Autumn 117 42 75 15.9 < {}.56
Total 307 g9 219 28,99 0.0
. Table 38. Humber of Juveniles and adults, Juvenil

25
percentage and Juvenile/Rdult: ratios in three
seasons of 1986

Period Total Ho.of No.of % Juvenile/Adult
Juveniles Adults Juveniles ratic
Spring 108 36 72 33.3 , 0.50
Summer 110 35 75 31.81 0,47
Autumn 166 36 130 21.17 0.47

Total 384 107 277 28.89 0.3%
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of H. wynnei during 1985 and 1986.
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conditions wexe different in 1986, when area remained

f
covered with snow upto the end of April.

DISCUSSION

Deviémt sex ratios have heen reported in a ramber
:fi*bffanimals but the under—lying mechanism is not conplately
'?{ﬁhdefsgood. In subterranean herbivorous marmals, adult sex
 r§tio5 imbalanced in favour mf’females have been recorded in
‘a number of fossorial mammals. Hill (1937) reported &%
,maleg in Ctepomys Ppexuanus and Jarvis {(1978) therved iy 2%
males in Taghorygtus aplendens. Baitmh {1989) observed that
sex ratios in Clethrionomys rufocanus was strongly female
biased.

Several studles indicated a sex ratio in sulkadults
" glozer to 1:1 than in adults (Wood, 1949; Nevo 1961; Jarvis,
”fﬁ}Q?S). In the Murree vole a quite Aifferent situation was
P}éﬁﬁ&:' In'adults the sex ratios did not deviate much from
_i:l' and remained fFairly constant throughout the year. An
‘nnbalance sex ratio skewed towards males among juveniles and
 531an¢e among adults suggest higher mortality in the young
_ males than females during development. |

In the Murree vole major portion of diffexrent
iaamples compriszed of adults while juveniles were only
’ 28.36%. Philips (1969) reported prepondrance of sub-adults

in the population of the vole, collected from Kaghan valley.
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He elassified 14 as adults out of 81 specimens on the bhasis
of oranial characters. His category of sub-adults might
have some juvenile as well. - Nermally eoqaillibrium
3§obuiations of subterranean mammals contain relatively high
proportions of hbreeding adults (Nevo, 1979). The results of
the present study are in conformity with most of the studies
carried out on  small sub-terranean mammnals . Godfrey and
Crocroft (1960) reported 47% Juveniles in a population of
Talpa ewropes. Jarvis (1973) trapped out a garden sample of

201 individuals of Tachvorvetes splenodens which contained

conly  33% Juveniles. In Themomys metlcola only  33%
sluveniles were reported by Ingles (1952). The lower

percentage of 3Juveniles in +the subterranean mammals iz
perhaps due *to highex mortality rate of juveniles than in

adults.
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‘summer 1985 and spring 19%%56. As expected pregnant females

CHAPTER~-XIT

TEMPORAL CHANGES IN BODY WEIGHT

Mean body weight of rodents have been used as

o

moxrphological indices o determine the ocondition of the
population and prediction of its future adaptatimn 0
envirormental conditions (Shvarts, 1975; Lidicker, 1971
When the population is disturbed the body weight of animals
is reduced. This chapter deals with temporal changes in
mean hody weight of the Murreé vole during the study pevicd.
Data on the body weight of adults (weighing more
than 40 gm) classified by sex and season Lor 19335 and L9845

are represented in the Tables 39 and 40. Females were

Hf;;_fwithivisible embryos) and non-pregnant females (without

visible embryos). Average body weight was slightly highex in

w

were slightly heavier than the males or non-pregnant females

wn

in all the seasons. But the differences among the weilghts
of pregnant females, non-pregnant females were not tnaoh,

Similarly there was no significant difference among the maan
body weights of pregnant females in three seasons of either

vear. Same was the case with +the mean hody weights of %he

non-pregnant females and males.
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Autumn

Table.39 Mean body weight,length and body {body
G weight/body length) for three seasons 05 .
Pregnant Females
Period H Mean body Mean body Index
' weight (gm) length (mm)
Spring 1k 48,32 111.6 43
Summer 15 51.50 121.6 e
Autumn 13 50.83 118.1 Sl
Hopregnant Females
Period N Mean body Mean body Index
' o weight{gm) length (mm)
Spring 31 47.6 113.0 .40
Summer 12 48,33 118.1 L&l
Autumn 25 47.85 115.5 .41
Males
Pexriod N Mean body Mean body Indes
R weight{szm) lengtlh {(mm}
C8pring 30 44,77 115.38 39
Summer 42 47.50 117.4 L40
34 45.87 i15.7 0




136

Table.40 Mean body weight,length and body index {hody
weight/body length) for three seasons of 1986.

Preghant Females
Period N Mean body Mean body Index
welight{gm) length {mm)
Spring 9 51.4 122.5 kel
Summer 15 50.95 111.5 G
Dutumn 2h 50.32 113.5 Al
Nopregnant Females
Period N Mean body Mean body Index
' weight{gm) length {(mm)
Spring 22 49,07 121.6 40
Summer 23 46.57 117 .4 L 40
Autumn 32 49,92 111.7 Hi
Malexs
Period N Mean body Mean body Index
weight{gm) length {(mm)
Spring L0 49.46 116.5 LA
Summey 35 5£7.79 116.7 LAl
Autumn G6b 47.56 116.7 )
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are excluded.



pData on the body weights wvas also analyzed in
relation to body length. This eliminated or atleast reduced
the effect of size on body weight and allowed fat
individuals of all sizes to give large index and slim ones
smaller values {Lidicker, 1973). Hence the ratico of gram
body weight to body length (millimeters) was calculated.
Bo&y length is the total length minus tail length.

.There was no pronounced difference among the
'5hindip¢s for pregnant and non-pregnant feméles, and males
 .fFié.17) No seasonal pattern of peaks in the two Yyears Was
Jobserved. For example the index for pregnant females was
.highest in spring 1985, but lowest in spring 1986. When the
':igd}éeé of the pregnant females were compared with those of:
“nén-pregnant females and males the pregnant females scmfed
';h}ghér_findices than +the non-pregnent females and males,
‘:eﬁﬁept_in antumn, 1985 when index for the non-pregnant was
“higher  and in summer of 1986 when the pregnant female index
,Wé$ l0wer as compared to males. But all these differences

were statistically non-siguilicant.

DISCUSSION

Different morpho-physiolmgical indices w©an he ot

3

i

great importance in solving such ecological problems a
determination of conditions of the population and prediction

of its fubture adaptations to environmental conditicons,



S : intraspecific variability and speciation {Shvarts, 1975).
This author disecussed in detail the use of morpho-

physiologic characters as indices of population process.

Body weight is one of the payameters which ocan be used to

détermiﬁe t+he condition of the population.

Noxrmally in small mammals the bhody weight 1s
related to seasons and breeding period. When a population
is disturbed or is under stress, +he body weight of the

animals is reduced. The Murree vole breeds throughowt the

vear and lives in shallow galleries where tThere is not any

drastic change in the envirormental Factors. Moreover, being

opportunist feeder, it can live on the available food duaving

o - ! winter, when most of the ground is covered Dy SDGW.

Pregnant females were s;ightly heavier than the non-pregnant

females or males. But there was no significant difference

in the mean body weight of the three categories.

Lack of seasonal variation in the body weight is

¢

another evidence of stable environmental conditions undsy

which the Muxrree vole is found.
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CHAPTER-XIII

PARASITES
In comparison to other radents few parasites have
been ,reported from the Murree vole. buring the present

" study, pentaslomid, nematode, mites and fleas were found.

‘ENDOPARASETES

| pentastomids have never been reported from the
Murree vole. A number of adults were found infested with
this parasite. A1l the parasites were found 1in the body
cavity and sexes were equally parasitized.

only one nemtode species Heterakis squmosa WwWés

collected from the caecum of the voie. out of 40 animals
examined only 10 had this parasite,. According to Yamaguti

(1961) H. squmosa fis cosmopolition in distribution and has

been recorded from Mus domesticus, Crecodomys gambianus,

Rattus rattus and R. norvegicus. In India it has been

reported from the brown rat, Rattus norvegicus (Bayles,

f936; sing, 1962). The Murree, vole is being reported as
host of H. squmosa for the first time.
ECTOPARASITES

The voles were examined for ecotoparasites
periodically throughout the study period by anaesthatising
parasites oh the dead animals and then combing the pelage of

the host specimens. The parasites survey was qualitative
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recording the presnce and abence of parasites. The parasite
secured included fleas and mites, This relatively crude
mathod was fast and quick. This method was not accurate as
gome individual parasites may have been missed and no
separate counts were made for‘flaas distinction and 'mites
but was sufficently accurate to detect general trends in
_fpfevaﬁance of ectoparasites, Batzli and Pitelka (1971)
fq$ed._this method to study the seasonal changes of

ectoparasites of Microtus californicus.

At least two species of fleas parasifized the vole
in Galliat. Traub and Evan (1967) have reported three

species from the Murres vole. These are Paleopsvylia

setzeri, Xenodaeria telios and Stenischia sp. According to
them the Murree vole is a true host of P. setzeri, while

Xenodaeria telios is primarily parasite on shrews (Creduria

sp) . only two species 1.e. Paleopsylla setzeri and

- Xenodaeria telio were recorded during this study, and mites
: ¥

were not identified,

.Tab1e5 41 and 42 show the prevalance of
ectoparasitas in bi-monthly sample, over the two years. For
_March-Apri1 sample no vole was found infested with fieas or
.mites and only a few animals carried ectoparasites in May-

”dune. The prevalance of ectoparasites was highest in July~

[
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Table 41. Fregquency of ectoparasites on H. wynnei Jduring
1985, Number of voles parasitized 1s given in
parenthesis

Juvenille Adult

Traping Total Number FParasi- Numbex Tarasitism

tism % %

March~ 75 g 0 69 0

April {0)

May- 34 5 0 29 13,8

AJune {0} (L&)

July- 89 3l 20.1 45 £0.0

‘August {7) (27)

September- . 104 37 13.5 67 1.3

October (5) (21)

Novemher— 3 10 10.0 18 1.1

December (1) (2)

‘Table 42.

Frequency of

ectoparasites on H.

wynnel during

1949%. HNumber of veoles parasitized 1n given in
.parenthasis.
Juvenils Adult
Traping Total HWoamber Parasi- Number Parasitism
tigm % b

Marah- 82 27 0 55 9
Apxril {0)
May- &h 21 .5 Il i9.&
June (2) ()
July- 70 22 27.3 48 56.3
August {6} {23)
September- 95 21 14,3 7L 28.4
October (3) (21)
November- 23 149 10.1 H2 11.3
December {67}
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August and decreasad in the‘foiéowing pariod i.e. Saptembsr-

October and November-October (Fig.18). Prevalance was JTow

n juveniles in all the seasons.

—ty

PREDATION

The sources and magnitude of natural predation on
the population of the Murres vole are not known. The hill

crow {(Corvus macrorhychos) took several trapped animals on

the study spot, but its importance as source of population
decline was probably minimal because of behaviour pattern of
their prey. The vole being entirely fossorial comes on the
ground when vegatation cover is maximum, this would greatly
Timit their vulnerability to the predator. Owles  fecal
pellets were examined but no bones or hairs of the vole were
found, Even if owls fed on the voles their popuiétion in
the study were not sufficient enough to pose any threat to
the vole population. No bird predator was found feeding on
Tive vole,

Pine marten {(Martese Tlavigula) was observed

preying on this vole, but when stomach contents of four
pine-Martens {Killed by local hunter) were examined, remains
of the vole were not found. The only serious predator tound
.in Dungagali, was a domestic cat, kept by a local resident
in his potato farm to eliminate the vole. Most of her preys

~ware juveniles and very few adults were caught. The Cat



used to sit for hours to catch a vole.

DISCUSSION

. Very few endoparasites weare collected fromH.
wynhei suggesting that fossorial habits and isolation from
othér animals, has helped this rodent to harbour only a few
parasites in their bodies. only one species of a
ﬁéntéstomid and another of a nematode were found. The

Nematode, Heterakis squmosa has been recorded for the first

time from this vole.
The important ectoparasites of the Murree vole are
fleas and mites. Taxonomic and zoogeographic studies of

siphonoptera from Hyperacrius can be correlated with the

systematics of the voles of this genus {Traub and Evans,

1867). For example, a species of Rhadinopsylla has Dbean

reported on H. fertilis but not on H. wynnei. Xenodael i &

telios (the primary hosts are shrews), has been found on H.
wynnei from both sides of the river Indus, but is unknown on
H., fertilis from each side of the river, Perhaps this
underscores the ecological difference between H. wynnei and
H., fertilis {Philips, 1969).

The mites are responsible for the transmission of

Wecrub typus'., The rickettsia of scrub typhus have been

‘recovered from both the species of Hyperacrius {(Traub et
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the two species of Hyperacrius might prove to be of

L6
al., 1967). Prior *to thelr studles of natural infection with
RBickettsia tsutsugamushi was unknown Ffrom high  alpins and
coniferous forests of Pakistan. According to them, available
information is insufficient for the determination of the
vector (s) of scrub typhus on Hyperacrius and other mammals,
but species of Leptrotromidium have been found on  these
mammals (Traub et al., 1967). solation of Rickettsia from

Hyperacrius is important because +this pathogen has hesn

recovered from other rodents in Pakistan. According  to

Philips (1969) knowledge of the ecological distribution of

1

epidemiological importance and the distribution of several
spacies of chiggers can bhe correlated with elevation and
habitat and consequently with the distribution off
Hyperacrius wyanel and H. fertilis.

Fleazs and mites oollectively showed a definite

ﬂ”seégonal trend in both the years of study. The peal of
=para_s_itism ocourred in July-Bugust when it was monsoon

‘season in Galliat,

The Murree vole s well protected against
predators, only a few predators of this vole were Ffound and
number of these predators was very low to pose any threat to

the population of the wvole.
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CHAPTER-XIV

PEST STATUS
The Murree vole is quite abundant in Galliat and
where this vole occurs there is usually little cultivation.
Main crops are maize and potato, Both of these are sown in
May-June and harvested at the end of September. About 70
percent of the cultivated land is used Tor potato
~cultivation. Recently due to encouragement by the
provincial government, farmers have started sowing pes. A
faw farmers also had turnips and french beans in the fields.
The Murree vole was the only B rodent in the agricuitura]

fields. A few specimens of house mouse (Mus musculus )} were

trapped but their stomach did not contain any crop material.

In deep valleys this vole is absent and it has been replaced

by another big rodent (most probably Rattus terkenensis).

| Four tocalities viz. Mochidhara, Dungagalf,
Kozagali and Tauheedabad were selected (in other localities
‘either there were no cultivated fields or the vo1e'was
absent from the cultivated fields). To asses the damage to
maize and potatoes, 7 fields in each Jocality were selected.
from each field 9 quadrats each of zize 1 X 1.5m were
examined for the vole damage. Nine quadrates in a field
were distributed along three transect 1ines, each having 3

quadrates; each were spaced proportional to the lengih of
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Table 43. H. wynnei damage to maize in different localities
of Galliat
. Locality No.of No.oF Percentage of
N plants plants plants damaged
i examined damaged
: Mochidhara 2567 115 5.5
Dungagall 3465 163 4.7
e Kundla 1986 20 4,2
Tauheed Abad 2305 g9 2.9
Table 44. H. wypnei damage to potato crops in
- Aifferent localities of Galliat.
T , Locality HMHo.of MNo.of %o £ N, of No.of Yags of
N, plants plants  plants potatoes potatoes potatoes
4 _ exami- dama- dama- gxami- damag- damag-
R ned ged ged ned ed ad
Mochidhar 1476 140 2.9 6637 LB b1
Dungagali 1740 167 9.6 BOOL 529 6.6
Kundla 1068 95 5.9 4506 297 b,
Tauheed- 2380 219 9.2 10710 67S 6.3

_abad

.y




Table 45. H. wynnei Jdamage to apple Trees in Moo

i

B ATEH
Diameter of No.of trees No.of trees % of tiees
the tree at examined damaged damagad
2 feet height

40 COm geo 42 4 .7
Y | 40 Cm 540 37 6.9
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+the field. The Marree vole cnbk the young malme  planh

“+hrough khe stallk just above the ground level and cariied
“the plant into the buxrrouws. Tn  each guadrate +the total

‘stems and the pumbey of stems damaged by the wole weTe

connted and percentage damage wWas determined.

Maize suffered an overall damage of L.3% at  Lhe
faur- localities. Dungagali experienced the highéat CLiTOER
(&.7%) and Tanheedabad the lowest (3.9%) (Table 437 .
However there | was no gignificant difference in the

percentage of damage at different localities. The Jdamage

fl
‘was more sSevere sn June when the plant was YOUDE but  attex

3

attaining certain height (70 om) niaize plant became less

susceptible ta’ vole damage. 1+ might be due o

the
comparatively hard stem and large size of maize plant, which
was difficult to be carried to t+the burrovs.

Potato damage Wwas difficult to observe as the vole

did not feed the aerial part and consuned the under- gyound

_'tuberﬂus portion of +he plant through Lthe prderground

“hunnels, leaving the aexial portion intaot. The only sign

of the attack was the ewxcavated s0il neay O argund  the
infested plant., An infested planht was renoved and soll was
dug out  to count the aumbher of  Jdamaged and  undanaged
potatoes. In A very few cases all the potatoes under a
plant were eaten oY damaged. 7 few dead plants wexre

observed and ' fayrmers attributed their death to vole attaok
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but when the soil under the dead plant was removed all the
_'potatoes were intact. Obviously, there was some other cause
of death of the plants. The overall damage of potatoes was
| 6.3% (Table 4&4).

In Kalabagh, Nathiagali & Dungagali the vole was
‘gquite common in the residential areas. Not a single lawn was
observed tobe free of the vole. Dahlia was the major
.ornamentai plant in these areas. The stalk was cut by the
vole just above the ground level. In addition the tuberous
root of dahlia was also damaged. In one bungalow the vole
made about im of vertical tunnel to reach the roots of
dhalia, planted in flower bed above the ground level. 'In
-some cases the damage was so severe that the gardener placed
wiregauze all along the beds of dhalia to protect 1t from
the attack of the vole.

I+ was also quite abundant in the forest nurseries -
& according to the forest people it was quite a serious pest
of saplings of forest trees. But during this study no sap-
1ing was observed to have been!damaged by this vole. Major
plants in these nurseries were gymnosperms and walnuts. The

field study showed that none of these were food of the vole.

The diet of the Murree vole was green vegetation

: .but from November to March it also fed on the bark of

 ijiernum grandiflorum, When the ground was covered by snow,

:ﬂ'.the.bark of this shrub was the major food of the vole. "In
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b

apple orchards the shrubs are normally destrOfed; The bark

of apple tree, like Viburnum spp, 1s Very soft amd can  be

easily detached from +he stem, so during winter ‘these voles

gnaw the baxk Of the apple trees, a lew inches above the

ground surface and frequently trees are ring-harked.

TO'asmertain +the extent of the. vele's demage Lo
apple ‘trqes, orchards in Murree auwea Were surveved {(in
Galliat, where the vole was found there was no apple
orchaxd). Since l?&ﬂ shout 800 acres land have heen hrought
undex  apple trees cultivation in Murree sub-division and

th eY® ' AYe moxre than 8,00,000 apple tree in the reglon

5 (Ranrfs, 1981). But most of the land is free of the vole.

hp severlfy of damage vas more in the old trees {(Table LE5).
f +he old trees 6.9% wvere found damaged by the vole while

only 4&.1% young trees wvere damaged. The removal of harl,

did not kill the tree but it definitely affected +the growih

~of the plant and c¢uality of the Fruit. A Ffew adult trees

were10bserved dead and but no erternal damage Wag Fourd.
According to the local people they died due to the feeding

of the vole on the roots. But definite cause conld not he

‘determined as in most of the cases no vole activity was

found around the dead tree.
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DISCUSSION

There are a numbexr of other rodents at high
altitudes which feed on the bark of apple trees when the

ground 1is covered by snow and other food plants are ot

available. In Europe the most important debarker of the
tyrees is +the field mouse, Microtu aggreshtis (My Llymaki,
1979} . Like +the Murree vole, this field mouse also

aonstruchts rManways ahove the ground and below the Sroong COwel
2

to reach food yesource. in Pakistan Gcholona yUfescens ¥ 1S

a -serious pest of apple tree abt high altituds in

Balochistan, ineluding  the prohard wich valleys of Zisyal.

- at

Unlike the Murree vole 0. xefescens also attacks The

- branches of the tree. Khokar and Fullk (197&) reported that

55.7% trees were damaged by this rodent in Ziavat alone.

According to Roberts {1981) the Murree vole is
becoming increas singly a serious pest of  apple orchards as
well_as af maize and potato crops. He reported that in the
Government Fruit Research Farm at Sunny Bank in  Murres,
seven out of 150 trees of imported bud graftings were
seriously damaged by the vole. At Sri in Kaghan valley a
farmer lost his entire plantation due to the vole damage
{Roberts, 1981).

During this study it was found that whereddel

this vole is found, very zmall area iz under cultivation.

¥

Maize and potato are the major crops. Maize is not affected
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seriously because only the young plants are damaged and many
alternate food plants are available. Potatoe is a preferred
food buf the vole does not attack the -aeria1 green part,
possibly due to distasteful alkaloid in the green parts of
this crop. Only 5.3% of the potato tubers were destroyed.
The observation suggests that the vole is a major pest of

potatoes in Galliat. Its attack to dahlia was more serious
 _.and. in some cases the whole bed of the flowers was
destroyed. As far as apple tree is concerned it is a major
probTem particularly in old plants. The damage also affects

the quality and quantity of the fruit.
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CHAPTER~-XV

SUMMARY AND CONCLUSION

Eco1ogy_of the Murree vole, Hypercrius wynnei, was
studied 1in Galliat fﬁom 1885 to 1889. Galliat is an area
which undergoes seasonal fluctuation regarding climate and
.vegetation. Temperature in summer is moderate but in winter
LAt ig‘bejow freezing point and ground is covered with snow
fér threé to fbur months. Under such an environment the
Murree vole 1ives an entriely fossorial 1ife in a burrow
' _system,_which_ is structurally simple, more or tess sealed,
_ﬁicroc?imatica11y relatively stable highly, specialized and
xpresume1y_10w in productivity. The population density, most
probab1y. s econstant throughout the vyear: and near its
_garrying qapacity of the envihonment. This helps the Mrree‘
:”ygfeikfo harvest food efficiént1y through resources but
without overshoot and resource destruction.

The method of study consisted of periodic
observations. Attempts to trap the 1ive vole were not
successful. A total of 691 voles including juveniles (196)
and adults (485) were trapped during.two years.,

The vole appeared to be well adabted to fossorial
- 11fe with remarkable morphological adaptions involving
particularly the structure of the head, neck, eyes, fore-

1imbs, pectoral girdie, and tail. compact rat-like body
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with round head, short neck and small appendages help The
animal to cheok heat dissipitation. The vele seemred o have

limited wvision due to small eyes that were sensitive to

Light . Ears are small in propertion to  body size  and
noompletely concealed in the fux. The short foxelinbs oo

strongly developed forx digging, éach digit is  armed with
comparatively long olaws. There ave Ffive Jdigits on  Lhe
hind-feot and four on the Fore-foobt with a vestliglal T .
The increased Tisk of heat loss due to small body size is
ameliorated by living in burrows.

Variability of body length ranged from 2.78  to
7.496%. The minimum variability was observed in - Msxoch-Apiwil
and maximom was  in Hovember-December samples but in nalas
during 1985, maximue variability was observed in Mayroii-
April, which might be due to low snowtfall. Snowless wintars

ars more severe and animals are exposed to frost.

L

Variability in body weight in differvent periods showed great
consistenoy.

The distribution of the vole was asscocliated witl

the mixed forest of silver (Pinus excelszal and blus [iv

{Ahies pindrow). Baragali was the northern limit on the

road side and it was recorded upto Barian. It was well
distributed in Galliat, wherever suitalble habitats existed.
The lowest elevation, at which the vole was found was 2075 m

{Sunny Bank) and highest elevation was 3290 m {(Miraiani?.



157
It was not found in deep vallsys and those places where the
‘top soil has been eroded.

The Murree vole 1is active day and night and 1its
activity is 1ink§d with feeding period. During monsoon when
the vegetative cover is maximum it comes on the gound and go
beyvyond their burrows to collect food plants but in the rest
of the year maximum foraging s done during night.

The vole lives in & burrow system, which is spread
over an area of more than 450 m*. Though it has to expend a
lot of energy in the burrowing activities but this energy
cost not only increase the foraging efficiency but also
protect it against predation.

Though the fcod 1is quite abundant during spring
and summer but due the fossorial habits it has Eacome
opportunist feeder and utiljzes what so ever is avai?abié
near the burrow. To exploit the bulk of the plant biomass,
the Murree vole has adapted for processing, leaves, stems,
cambium or even bark of the woody plants

The Murree vole's food 1is entirely composed of

 avegetation. A few stomachs had insects but their presence

" ‘might be accidental. Hairs of the vole were also found in

 the stomach constents and a few stomachs contained striated
muscles, The vole might have fed on the dead vole. The
Murree vole was a generalist feeder and twenty threse plant

species were iJdentified in the stomach contents. . Rumex
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epalensis was the most preferred plant sonsituiting 31.00%

of the total diet. The volume and frequency of ccoourrence
of large plants wura nore than the small plants. During

winter the bark of the shrubs compensated for the scarcity
of soft vegetation, =uch as leaves, stems and fFlowers.

£
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Bein

i}

orial it collected the Faod near the viecinity i

the burrow and carried the plants  into the underground

tunnels.
The vole appeared to be habitat specialist and
more responsive to certain habitat features. Tt was «quite

common in  the grass land, cultivated and  non-cultivated

fields. Depth of the zoil horizon  TAV andktexture aff the

1]

oil seemed to be the most impeortant factors for halb:itat

election. It was not fFound in those areas where the depth

W

of the so0il horizon "AY  was less than 10 cm. The

distribution of the vole in nalliat is greatly influenced by

th

oil texture. The vole was found in silt-lecany seil. Biit-

lomay s50il 1is more porous and easy to dig. PBeing entirely

7]

ail i important since all

Ui

fossorial the porosity of the

4

the gas requirement of the vole are met by diffusion through

the porous soil. BReside 0il depth and soil texturs, its

i

existeuce in a habitat also depended on  the other factors

like grass, slope and presence of  rocks. T OVEI-Come
dxainage problemn, it required a slope of 10°., Grass Was

not only its food buat it was alzo nesting material and the
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vole was restricted to the areas with ahont: 0% grassg.

The burrow system was the main quarter ard the
vole spent most  of ity life ip the closed system of
undergrourd gallries. It served the vole for shelter, for

.,

Protection from enemies, as means for obtaining food and as

l.a'placé forvrearing the young and to protact the voles from

rigors of external envVironment , A system wasg Gcoupied hy a

numbey of 'ymunga;'subadults and adults, The burrmwing

system comprised of branching aricd Aanastomnosing tunnels with

attached :nesting and resting chambers . Main tftunnels Tan
: §arailel tq the gound, relatively at shallow depths, Rbmut
.96%:6f £hé funﬁels were Dberved.at 20 om below the gywond,
‘A_Tuﬁneis._ﬁéfe_mada in any and alj directions foy the purpose

of finding foad. Nest chamber was in the middle of the

svystem and. one or twé resting chambers were  also made.
Burrowing activities were related +o the rains. Before
July,“little exovation wasg obhgevrved but'thefe Was consistent
inecrease during July to peak in August,

The Murree vﬁle did not hibernate ared bred
throughonut the vear. Though very few voles ware trapped
during winter but this small sample contained Pregnant
females. The trapping of dnveniles in March further
confirmed the winter breeding . The Pregnancy rate was very
low (39.39%) and there was ne significant difference between

the Pregnancy rates in the +two vears, Similarly no




significant variation in pregnancy rates in different
seasons was observed over the two vyears. in two-months

samples complete hom genelity was recorded in 1985 hbut 19864

7

samples showed significant heterogeneity; it was due té high
Pregnancy rate during September-October period. Pregnancy
rate in weight class 3 (more than 50 gm) was h;gher than the
other two lower weight classes.

Litter size was small and nunmber of embryos varied

or two embryos per litter was a

ol

from 1-4 per litter. OUn
common  feature. Rarely a female had more than btwo embaryos.
Ho significént difference in the mean litter size was found
in three seasons. However comparison of the mean litter
sire of 2-months sample showed a significantly lower count
in Novembher-December sample. All the females in March had 2
enbryos and in November-Decembery had one. |

Prenatal mortality was vexy low.Frei mplantation
losses were k.OYand 5.5% in 1995 and 1986 respectively, ancd
only 6 resorbing embryos were found. Testes were abdominal
and fecund males were observed in all +he months. There was
no difference in the mean length of testes during different
periocds.

Small litter size and low reproductivity may be
adapted as these reduceé the ztrain on mother and othexr
ipdividuals of the colony. Both these attributes are

relatively constant and do not vary much. In - order to
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maintain the population demsity at certain level, the vole
breeds thropghout +he vear, a number of females breed more
fhau onee and there are few mortalities in the uterus or due
ﬁq predation.
The Murree vole shows trends toward K-selection
and attributes of K-selected species: small litter size, low
fecundity with high parental investment, itereopaﬁity and

low prenatal mortality. Thoughh it lives in those are

1]
]

'
where the external environment undergoes great f{luctuation.
But its burrow system is simple stable and predictable and
presumely lead to K-zelection.

The adult sex ratios did not change with the

season except in summern, 1986, when more Ffemales were

“trapped. The overall seX ratioc did not daviate

significantly from 1:1. In juveniles, males predominated in
all seasons except summer, 198%, when the sex ratio was more
o less balanced. Sex ratico skewed towards males among
juveniles and balanced in adults suggest, more mortality of
the juvenile males. The major portion of different samples
comprised of adults, while juveniles were only 28.36%.

Mean body weight of pfegnant females was mora than
the non-pregnant females or males in all the samples but the
difference was not significant. Lack of seasonal wvariation
in the body weight is another evidence of stable environment

under which the vole lives.
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Due to fossorial habits the vole havboured a few
parasites. Only one species of a nematode and one of =&

pentastomid were found. Among the ectoparasites, tTwo

:

species of fleas, Paleopsylla sebzeri anﬂ“‘XEnmdaexig.tel
infested the Murxee vole. The Murree vole is the true host
of P. setzeri. A number of mites also parasitized the vele.
Fléas and mites collectively showed seasonal trend. The
peak of parasitism occurred in July-ARugust. The vole secmned
well protected against predators.

In (alliat wherever the Murree vole was Found,
very small area was under cultivation. Maize and potatoes
were the major crops. Maize was not affected seriously but
5.3% of the potatoes were destryoed vole. However it damage
to apple trees were more and 6.9% of 0ld trees and 4.1% of

voung trees were damaged by the vole.
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& ARPPENDIX: 1 The average snow-fall, rainfall and
temperature from 1971-1984,
‘) ' Yearly Average Snow-fall.
o Yeax Snowfall
ot ‘ (in millimetre)
' 1971 230.34
1972 3595.60
o 1873 4B1.50
| 1974 ' 262.99
b 1975 373.09
L 1976 707.06
1977 366,02
1978 533.06
1979 50%.05
1980 502.01L
1981 535.03
1982 648.01
1983 542,01
1984 430.01
Dverzge L72.77

Monthly average rainfall

Month Rainfall
(in millimetre)

WJanuary 7.8

February 15.8

March 19.7

Bpril 112.6

May 85.3

June 170.5

July 344 .0

August 321.9

September 134.6

\ {ictober 53,9
! Hovember ‘ 33.2
; December 2h.2
Total 1323.5

{ contd . Appendin-1)
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Monthly AVETARES of | S EWARRI) ansd mirirmam
Lemperature.

. Months' Temperature

_ (centigrade)

T E January 0.7 :
L February 0.9
R March 3,97
i April 2.5
o May 13.28
o June 16.02
- July 15.56
e August 15.28
o September 13.9
Dotobex 10,4
Novemnber .59

sl

December 2.39




S AFPERDIX-II.  COMMON HERES AND SHRUES OF GALLIAT

Bweet ,

D

1. Germayivm nepalens
2. Beavnachum auriculatum Rovle.

2. Impatians edgeworthii Hk.fF.

4, Impatians bigolor Rovle.

5. Arisaema Jjacauemeontii Blume.

. &, Plantare depressa wWild.

7. Rumesx nepalensis

8. Anawhalis nubimena D.E.

9, Pimpnella dwarsfoplie (Wall) D.E.
10. ﬁlgm urbanum L,

11. Prunella vulgaris L.

12. Inpatians bicolor Royle

12, Carpesium Cersayum.

14, Leucus lanata Bth.

1%.  Stachvs sericea Wall Ex,Bth.

16, Cvaoglossum lanceolatum For
17.  Chrysanthemum leucanthemum L.

18. Medicégo Tunfulina L.

1%, Myragtis wallichii Less.

20.  Polvsonum nepalense Meissn.

21. Ranunculus hirtellus Rovle.

22, Aguilegia pubiflora Wall Ex.Royle.

=i
S

in

(Contd.Appendix-I1)




Lz,

Veronica mellissifolia Dest expoir.
Syartig aordata Rovle.,

Trifclium pratense L.

Lamium allbum L.

Poa pratensis L.

Senecig ghrvszanthenoides D.C,
Urltica Caea L.

Urltica diceld L.

Nepeta laevigata (D.Don).
Pachyvopodium sylvaticum (Hud.) P.Beauv.

Brachvactis robusta Bth.

Malva parviflorea L.

Strobilanthes attenuattus Nees.

Polyveonum amplexcaule D, Don.
Cordalis stevartii L.
Achellea millefolium

Nepela execta Bth.

Ariplex laciniata L.

Silene vulgatum

Bupleurum maginatum Ex.D.C.

Erigeron Sp.

 Seropbularis polvantha BEx.Bth.

Fragaria nubicela Lindl., Ex Locaita.

Arizsema utile Hook, f.ex Schott.

2

{(Contd. Appendix-11)

0
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nt Luphorpia walliﬂnii dook
ﬂaﬂe:-e 5 .
Hook - .

59 .
50 . 31 -Aian palmala
51. ~apnikd ﬁat;VQ L.
52 - L@ctuc'.a bg;um::n;‘ and (Walle:v: n.C) clrarke
53. Jurnum SEP -
Jum-

G, Rosd mggghata.
atuni-
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