
TrOp．Med．，38（3／4），107－116，December，1996　　　　　　　　　　　　　　　　　　　107

I nsulative Adaptation to Cold and Absence of Circadian
Body Temperature Rhythm in Afghan Pikas

(Ochotona rufescens rufescens)
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Abstract: The pika inhabiting cold climate and high mountains is thought to be adapted to

its environment. The autonomic characteristics of the high body temperature, high

metabolism and poor heat loss ability such as poor panting, small ear pinnae and absence of

thermal salivation as well as the behavioral characteristics, i.e. living in burrows under the

ground or in the shelter among rocks and hoarding grasses for food to survive winter have

been reported. However, insulative cold defense in pikas have not been studied and the

pika's circadian activity rhythm remains controversial. In this study, the skin thickness and

hairs length were histologically studied and the body temperature and locomotive activity

were monitored in the freely moving pikas with a bio-telemetry system to clarify the pika's

circadian rhythm. The hairs in the pikas were longer than the rats and more dense and 2

times longer on the dorsal region than the ventral region, though the skin was thinner. 20

mm of the hair length of the pikas was estimated to provide 3 Clo of insulative property. In

contrast with the robust nocturnal rhythms in the rabbits and the rats, neither diurnal nor

nocturnal body temperature rhythm was observed in the pikas, except for a slight increase

at dawn and dusk consistent with the previous field observations. The pika is considered to

be adaptive to cold not only ecologically and autonomically but also due to the insulative

cold defense mechanisms. Though further investigation should be done, the absence of cir-

cadian body temperature rhythm in the pika is quite unique and attractive for the research

field of circadian rhythm.

勒w0nね．．Pika，Circadian rhythm，BOdytemperature，Te1emetry，Skin and hairs

IMTRODUCTIOM

Thepika，genus0Ch0ioma，（forrevieWSee Smithetal．，1990）1ivesin cold c1imate and

inhighmountainsandisanidea1anima1mode1forcO1d（Kawamichi，1985；Yangetal．，1988；
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Yang, 1990) and high - altitude adaptation studies (Sakai, 1988; Sakai et al, 1994). It is considered

that the pikas appeared in the cold area in the Pliocene and expanded southward during cold

glacial periods, and retreated to the high mountains during warm interglacial periods in the

Pleistocene. The current distribution of the pika ranges widely from low to extremely high alti-

tude, about 10 to 6,100 m above sea level (Sakai et al, 1988), indicating that temperature not

altitude is the limiting factor in the distribution of pikas. The pikas prefer low temperature･ The

temperature of their burrow is very low even in summer, about 12℃ to 14℃ (Haga, 1960). The

pika is intolerant to heat (Smith, 1974; Yang, 1990)… The ratio of ear surface area to body surface

area is very small (Yang, 1990) and thermal panting is poor (Yang et οlリ1988) compared to

rabbits, though heat radiation through the ear pinnae and thermal panting are major heat loss

responses in rabbits. The pikas do not spread saliva on their body surface when exposed to heat

(Matsumoto et al, 1992). Body temperature and metabolic rate in pikas are higher than rabbits

(Kosaka et al, 1985). Pikas do not hibernate, but survive severe cold winters. They live in burrows

under the ground or in the shelter among rocks and boulders, and hoard grasses for food during

winter. Thus due to autonomic (poor heat loss responses and high metabolism) and behavioral

characteristics the pika is heat…intolerant and adaptive to cold.

Until now, however, the mechanisms of cold tolerance in pikas in not fully understood. In

this study, the skin and hairs of the pikas were analyzed from the view point of insulative adap-

tation to cold. Circadian activity rhythm in pikas is controversial, although rabbits and hares,

which belong to the same order Lagomorpha as the pika, are known to be nocturnal. Previously,

circadian activity of the pika was studied mainly by an observation in the field. Telemetry

recording of the body temperature is an excellent tool to investigate circadian rhythm. Matsumoto

et al. (1995) recorded the body temperature of wild Mongolian pikas (Ochotona daurica) in their

natural burrows with a telemetry device in Mongolia. The recording period was however short as

several hours and they failed to reveal the body temperature rhythm, because the transmitter was

relatively heavy for the wild pikas. Therefore, in this study, the body temperature and locomotive

activity were monitored in the freely moving pikas in the laboratory with a bio-telemetry system

to clarify the pika's circadian rhythm.

MATERIALS AND METHODS

Since 1985, Afghan pikas (Ochotona rufescens mfescens) supplied from the Central Institute

for Experimental Animals/Kawasaki, Japan were reared and bred in the Animal Research Center

for Infectious Tropical Diseases, Institute of Tropical Medicine, Nagasaki ITniversity. Originally,

they were collected in Afghanistan by Puget in 1969 (Puget, 1973a, b). The Afghan pika lives

mainly in Afghanistan and Iran, and the distribution area is mainly located at high altitudes:

1,800-3,000m above see level･ The pikas were reared in individual stainless steel cages at 22℃

with a 12L: 12D light-dark photoperiod, with lights on at 0800 a.m… Tap water and special feed

(Matsuzaki et αlリ1980) were provided ad libitum.

Exp. 1: Anatomical study of the skin and hairs
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E1evenAfghanpikas（5maiesand6fema1es，185＿210g，18－19monthsOld）and6malewistar

rats（200’230g，4mOnthso1d）wereusedinthisexperiment．Theanima1wassacrificedbyan0Ver

dOseOfetherinha1atiOn．AfterhaircuttingWithe1ectrica1c1ippers，inl．0c皿×1．0cmOfskinwascut

offfrOmthechest，abdOmen，backandWaist．TheskinSpeCimensWerefixedinl0％parafOr－

ma1dehydein0．1Mphosphatebuffer，embeddedinparaffinandstainedWithheamatOXy1inand

eOsin．ThethicknessOftheskin，frOmtheepidermistOthedermis，waSmeaSuredWithmicrom’

eterundera1ight－micrOSCOPe．Thedensity0fthehairsinanareaOfl・03皿×0。74皿wereCOunted

intheh0rizOnta1skinsectiOnsundera1ight－micrOsC0Pe．Severa1strandsofhairsWerepu11edout

frOmeaChregionOfthechest，abdOmen，backandwaist．The1engthOfthehairs，frOmthehair

papi11atOthetip，weremeaSured．

Exp．2：Te1emetry－reCOrdingOfthecircadianrhythminthebOdytemperatureand1OCOmOtive

activity

SixAfghanpikas（3ma1esand3fema1es，180－210g，14－23mOnthso1d），2rabbits（Onema1e

andOnefema1e，1．2kg，3mOnthsO1d）and7ma1eWistarrats（200－230g，4mOnths0id）wereused

inthisexperiment。Eachanima1wasrearedinanindividua1plasticcage（30×35×18cm）Witha

wire－meShtOpinachambersetat25℃and60％rhwitha12L：12D1ight－darkph0tOperiOd，with

1ightsOnat0600a．m．Abattery－OPeratedtransmitter（TAl0TA－F20，DataSciencesInc．，St．Pau1，

MM，USA），12×9×17mminsizeand3．2ginweight，WaSintraperitOnea11yimp1antedunder

ketaminehydrOCh1Oride（35mg／kgbOdyWeight）anesthesia，7’14daysbefOretheexperimentbegan・

ThebodytemperatureandiOCOmOtiveactivityWerereCOrdedeveryOneminuteusingabiO－te1e’

metrysystem（DataquestⅣ，DataSciencesInc．）．OutputOfthetransmitterswaSmOnitoredbya

mOuntedantenna（RLA2000，DataSciencesInc．）p1acedundereachanima1，scageandfedintOa

periphera1prOCessOr（BCMl00，DataSciencesInc．）cOnneCtedtoapersOna1cOmPuter（PrO1inea

4／66，COmPaq）．Therawdatasavedinadiskwastransf0rmedtOthereducedaverageOf30－min

Peri0d．FOreaChanima1，CircadianrhythminthebOdytemperatureand1OCOmOtiveactivitywere

ObtainedbyaveragingthedatafOr7－14daysperiOd．Meanpattern0fcircadianrhythmforeach

SPeCiesWasfina11yObtainedbyaverag1ngthegroup・

The“Guide1inesfOrAnima1ExperimentatiOn，，（MagasakiUniversity，1989）andthe“Guid－

ingPrincip1esfOrthe CareandUse OfAnimalsintheFie1d ofPhysiOIOgicalSciences，，（The

PhysioIOgica1SOCietyOfJapan）Werefo11OWedintheexperiments．

Statistica1ana1ysisWaSperfOrmedWithStudents，t－teStandanalysisOfvariance（AMOVA）．

RESULTS

Exp．1：AnatOmica1studyOftheskinandhairs

The mean skin thickness（±SD）in pikas Were0．293±0・070mm，0．214±0．027mm

0．488±0．083皿and0．451±0．068mmonthehchest，abdomen，backandwaist，resPeCtive1y．ThOse

inratswere0．673±0．117皿，0．657±0．141mm，1．000±0．104m皿andl．025±0．108皿Onthechest，

abdOmen，backandWaist，reSPeCtive1y（Fig．1）．TheskinthicknessOfpikasWaSSignificant1ythin

COmParedtOthatOfratsOnthea11Ofthe4determinedregions（P＜0．01，unPairedt－teSt）．
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Fig．1・C0mparisOn0ftheskinthicknessbetWeenthepikasandrats．

Verticalerr0rbarisSD．n＝11inpikasandn＝6inrats．＊P＜0．01

（unpairedt－teSt）．

Themeanhair1ength（±SD）inpikaswerel0．38±1．72皿，8．75±1．28皿，20．15±1．61mmand

20．13±1．99mmOnthechest，abd0men，backandWaist，reSpeCtive1y－OntheOtherhand，thOSein

ratsWere7．88±1．21mm，7．70±1．04mm，9・60±1・05mmand9．49±2．61血Onthechest，abdOmen，

backandwaist，reSPeCtive1y（Fig．2）．ThehairsonthebackandWaistwere1Ongerinpikasthan

inrats（P＜0．01，unPairedt－teSt）．
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Fig．2・COmparisOnOfthehair1engthbetWeenthepikasandrats．Ver－

tica1err0rbarisSD．n＝11inpikasandn＝6inrats．nP＜0．01

（unpairedt－teSt）．
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Themeandensity（±SD）Ofthehair0nthechest，abdOmen，backandwaistinpikaswere

34．4±9．3皿－2，26．7±10．5mm－2，53．6±14．0mー2and61．55±16．0mm－2，reSPeCtive1y（Fig．3）．
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Fig．3．COmParisOnOfhairdensityamOngtheregiOnsinthepikas．Vertica1
err0rbarisSD（n＝11）．

E（1）xp．2：Telemetry－reCOrdingOfthecircadianrhすthminthebOdytemperatureand10COmOtive

activity

CircadianchangesinthebOdytemperatureand1OCOmOtiveactivityinthepikas，rabbitsand

ratsareshOwninFig．4．TherabbitsandratsshowedthenOCturna1rhythmOfthebOdytem－

perature．The meanbOdytemperature（±SD）was39．62±0．02℃during1ight－PeriOd and

39．94±0．01℃duringdark－PeriOd（y＜0．05，unPairedi－teSt）inrabbitsand37．05±0．13℃during

1ight．periOdand37．67±0．15℃duringdark－periOd（P＜0．01，unpairedt－teSt）inrats．Theamp1i－

tudeOfthedai1yOSCi11atiOnWaS0．70±0．01℃inrabbits，andl．19±0．22℃inrats．TheacrOphase

was12．25±0．01hOurSafterthelightswereturnedOninrabbitsand15．75±1。65hOurSinratS．In

rats，the1OCOmOtiveactivitya1sOShOwedas1gnificantdifferencebetweenphotO－PeriOds，0．4±0．1

（re1ativeunit）during1ight－PeriOdandl．7±0．2duringdark－periOd（P＜0．01，unPairedt－teSt）．On

thecOntrary，thepikasdidnotshowndiurna1nOrnOCturna1rhythminthebOdytemperature・

Meanbodytemperaturewas39．05±0．13℃and39．04±0．18℃during1ight－PeriOdand during

dark－PeriOd，reSPeCtive1y（P＞0．05，unPaired t－test）．Inpikas，hOweVer，thebOdytemperature

seemedt0s1ight1yriseatdawnandduskaccOmpanyingWithadistinctincreaseinthelOCOmOtive

activityatleastatdaWn．ThedifferenceinthelOCOmOtiveactivitybetweenphOtO－PeriOdswasnot

statistica11ysignificant．Themeandifference（±SD）betWeenthehighestand1OweStbOdytem－

peraturewas0．43±0．14℃inthepikas，andsignificant1ysma11erthantheamp1itudeOfthedai1y

OsCil1atiOnintherats，bOdytemperature（P＜0．01，AMOVA）．Dai1yvariatiOnSOfthqbOdytem－

peratureand1OCOmOtiveactivityintheindividua1pikaswereshOwninFig．5．Inthepikas．01，03，

04and05，twO－Peakpattern，as1ightriseatdawnanddusk，OrmOnO’Peakpatternatdawninthe

目
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body temperature seems to be observed, however unclear in the pikas-02 and 06. There was a

significant differences between the body temperatures during lighトperiod and during dark･

period, higher during dark-period in pika-03 and higher during light-period in pika-04, but not in

the others.

P|KA RABBIT RAT

12 15 18　21 24　　　　　　　　　　　　　　12 15 18　21 24　　　　　　　　　　　　9　12 15 18　21 24

TIME, O'cLOCK TIME, ο■CLο　　　　　　　　　　　　　　　　　　TIME, O'CLOCK

Fig. 4. Circadian changes in the body temperature and locomotive activity (relative units) in the pikas, rabbits

and rats. Each dot represents a mean value (n-6 for pikas, n-2 for rabbits and n-7 for rats) and

vartical error bar is SD. Shaded columns represent dark-period. Robust nocturnal circadian rhythm

in the body temperature was observed in the rabbits and the rats. The pikas did not show any cir･

cadian rhythm in body temperature, except for a slight rise at dawn and dusk. The low activity in

rabbits may have been influenced by the narrowness of the cages.

P ika･0 1　　　　　　　　　　　　　　　　　　　P ika･02　　　　　　　　　　　　　　　　　　　p i ka-03
20m.o.mal良　　　　　　　　　　　　　　　　　　　　　　　14m.ο.male　　　　　　　　　　　　　　　　　　　　　　　14m n female

9　12 15 18　21　24　　　　　　　　　　　　　　　　9　12 15 18　21　24　　　　　　　　　　　　　　　　　9　12 15 18　21　24

¶ME, ο'CLOCK　　　　　　　　　　　　　　　　　　¶ME, O'CLOCK llME, O'CLOCK

Pika-04　　　　　　　　　　　　　　　　　　　　Pika-05　　　　　　　　　　　　　　　　　　　　　Pika-06

21 m.ο. male　　　　　　　　　　　　　　　　　　　16 m.ο. female　　　　　　　　　　　　　　　　　　　　23 m.o. male

12 15 18　21 24　　　　　　　　　　　　　　　　　　12 15 18　21　24　　　　　　　　　　　　　　　　　9　12 15 18　21 24

¶ME, O'CLOCK　　　　　　　　　　　　　　　　　　】ME, O'cLοCK llME, O'CLOCK

Fig･ 5･ Daily variations in the body temperature and locomotive activity (relative units) in individual pikas.

Each dot represents a mean value during the period (7-14 days) and vertical error bar is SD.
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DISCUSSIOM

Inhumanbeingsandanima1sWithOuthairs，subcutaneOuSfatp1aysarO1eastheinsu1ative

barrieragainstcO1d．Inanima1sWithfurandhairs，h0WeVer，insu1ationdependsOnthefurnOtOn

thesubcutaneOusfat（HOrietal．，1977）．Inthepresentstudy，theskinthicknesswasthinnerbut

thehairlengthWas1Ongerinthepikasthanthoseintherats（Figs．2and3）・Furthermore，thehair

1ength0nthe4determinedregiOnsWerenearlyidentica1intherats，hOweVer，thehair1engthOn

thedOrsa1regiOn（backandwaist）wasabOut2timesIOngerthanthOseOntheventralregiOn（chest

andabdOmen）inthepikas（Fig．3）．Additiona11y，hairdensityOnthedOrsa1surfaceOfthepikas

WaSalsOhigherthanthoseoftheventra1surface（Fig．4）．Theseresu1tsindicatethatthepikais

moreadaptivetOthecOldthantheratfrOminsu1ationpOintOfview．

Anima1s1ivingincO1dareadeve1OPthickfurtopreventheat1OSSfrOmthebOdytOtheen．

Vironment．Furinsu1atiOnisafunctionoffurthickness，frOmafractiOn0faninchinthicknessin

Shrewtonear1y3inchesOfthethicknessinsheep（SchO1anderetal．，1950）．AccOrdingtOtheir

repOrt，20皿Ofthehair1engthOfthepikasprovides3C100finsu1ativeprOPerty，near1ythesame

asthoseOfthesquirre1andtheiemmingbut1essthanthOseOftherabbitanddOg．Thepresent

StudywasperfOrmedwithsummerfursinthepika，buttheystudiedthewinterfurs．Recent1y，

OhWatarietal．（1996）repOrtedthatthepikas，furiscompOsedOftwOlayers，inner1ayerwiththe

ShOrtdarkhairsandOuter1ayerwiththe10ngerbrawnhairs，andthatsuchstructureofthefuris

COnVenientforprOteCtiOnagainstUVrays．

There1atiOnbetweensurfaceareaandmasspiaysanimportantpartintheeffectivenessOf

insu1atiOn．Sma11anima1sWithalargesurface－tO－massratiO1OOSemOreheatinthecOidcompared

tO1argeanimals．The1argeanima1sshOwsthe1argeincreaseininsu1atiOnwiththeirthickwinter

fur，hOweVer，thesma11anima1sdOnOtShoWSuCha1argeincreaseininsuiation（Hart，1956）・Sma11

mamma1s1essthan2kgWithasma11seasOna1variatiOn0fthefurthicknessneedtOdeve10PSOme

behaviOra1thermoregu1atiOnSuChasgatheringtOgetherOr1ivingintheburroWduringcO1dwin．

ters（TOkura，1981）．

SOmeanima1s1ivinginthecO1dareahibernatetOsurVivewinters．ThehibernatOrssuChas

marmots，Chipmunks，gO1den－mantledsqu1rre1sandgrOundsqu1rrelsaretheneighbOrS0fthe

PikasinNOrthAmerica（BroadboOks，1965）．ThepikasdOnOthibernate（Haga，1960，DawsOn，

1981），therefOre，thepikasshOu1ddeve1OPCharacteristicstrategiestOsurViveinthecO1d，Other

thanhibernation．They1iveintheburrOWsOrintheshe1teramongrocksandbOu1ders，andhoard

grassesfOrfOOdduringWinter．ThusthepikasarethOughttObeecO1Ogica11yadaptedtOCO1d
envirOnmentS．

AnOtherfocusinthisstudyisthecircadianrhythminthepikas．Thepikashavebeen

repOrtedtobediurna1，mOStaCtiveatdawnanddusk（KaWamichi，1985，SmithetaL1990），main1y

diurna1（BrOadbOOks，1965），aCtiveindayandnight，esPeCia11yindawnanddusk（Haga，1960，

Kawamichi，1969）afterthefie1dObservatiOn，andnOCturna1（KOsakaetal．，1988）afterthe

recOrdingOf1OCOmOtOraCtivityinthe1abOratOry．Inthisstudy，thebOdytemperatureand

1OCOmOtiveactivityinfree1ymov1ngPikasundera12L：12D1ight－darkph0tOPeriodweremoni－
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tOredwithabiO－te1emetrydevicetOinvestigatecircadianrhythm．ThepikasdidnOtShOwany

Circadiantemperaturerhythm，eXCePtf0ras1ightriseatdawnanddusk，incOntrastWiththe

rObustnOCturnairhythmsObservedintherabbitsandtherats（Fig．4）．Atendency0fhigher

temperatureatdawnandduskconfirmsthepreviOuSObservationsinthefie1d，hOWeVer，absence

OfcircadianrhythminthebOdytemperatureinthepikasisquiteunique．Birdsandmamma1s

maintainedinacOnstant－temPeratureenVirOnmenteXhibitadai1yrhythmOfbOdytemperature

withtheapprOXimateshapeofcOsineWaVeandanamp1itudeOfl．3℃（Refinetti＆Menaker，

1992）・SomeofthepikasinthisstudyshOWedacrepuscu1arpattern，twO－PeakatdaWnanddusk

OrmOnO－PeakatdawninthebOdytemperature（Fig．5），hOweVer，theamp1itudeOfthedai1y

VariatiOninthebOdytemperaturewasquite1OwaS0・4℃・

AreductiOnintheamp1itudeOfthecircadianrhythmOfbOdytemperatureinO1dagewas

repOrtedinrOdents（RefinettietaL，1990）aswe11ashumans（TOuitouetaL，1986）．LifespanOfthe

PikawasrepOrtedtObearOundl00WeeksintheAfghanpikas，0Ch0tOman畔SCemSri娩SCemS

（Yang，1990），and3－7yearsintheAmericanpikaS，0Ch0iOmaprimC砂S（Smith，1974）．Re1ative1y

O1dageinthepikasuSedinthisstudymayhaveinf1uencedtheabsenceOr1OwamPlitude0fcir－

CadianbOdytemperaturerhythminthepikas，however，nOdistinctcircadianrhythminthebody

temperaturewasObservedeveninthere1ative1yyOung（14－16mOnthsO1d）pikas，（pikas－02，03

and05inFig．5）．ThebodytemperaturerhythmismaskedbythesOCialcuesandphysica1ac－

tivities．Thep1asmamelatOninrhythmisamOrere1iab1ereferenceOfthecircadianpacemaker

thanthebodytemperature（HonmaetaL，1995）．P1asmamelatOninrhythmanda1sOCircadian

rhythmunderthefreeruncOnditiOnshOu1dbeexaminedtofurthercOnfirmabsenceOfcircadian

rhythminthebOdytemperature0fpikas．

Inc0nC1usiOn，insu1ativeadaptatiOntOCO1dWasdemonstratedinthepika・Thepikais

COnsideredtObeadaptivetOthecO1dnOtOn1yecO10gica11yandautOnOmica11ybuta1soduetOthe

insulativecO1ddefensemechanisms。ThesecOndimpOrtantfindingisabsenceOfcircadianrhythm

inthebodytemperatureand1OCOmOtiveactivity，eXCePtforas1ightriseatdawnandduskinthe

Pika．A1thOughfurtherinvestigatiOnshOu1dbedOnetOCOnfirm，thepresentfindingsinpikasare

quiteuniqueandmightbeanOVe1fOCusintheresearchfie1d0fcircadianrhythm．
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