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Summer and Autumn Temporal Activity of the Montane Vole (Microtus
montanusl in the Field

Abstract
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191J9. rhe diLtrnrl acrilitr was significantl_r greater than erpected (p < 0.05). A diln,all\ bi,fodrl &Lilirr prtldn \L!s appdreDt

ln t roduct ion
'Iernpolal 

acti!itv prlttelns are an irnportant a-rpe.l
of bel lcf undcrslanding thc ccological nichc of a
species. hot 'ever' .  l i t t le had been published aborrt
lhc lcnrporal attivitv of thc nontane vole (tl-lirro-

trLs nnntat Ls) uhen \Iadison (1985) extensirel l
rr-'r'ir:wcrl lhc litcraturc on actir.itv rhrthms of lliclu-
tus. l 'hc i i t  pubJished stucl ies he cited rere al l
tr- ,nducted in the labor.rtorv (Seed anrl Khali l i
1971. Baurngardncl et rz1. 1980. Dor'sburr 1980,
I lorrsernit t  -1981. Rorsemitt  er a1. 1982). Whilc
laboraton inrestigations on the activity rh,vthms of
l he  mon tane  vo le  ha re  conL i r rued  (Rowscn r i t t  and
Bcrgcr'  1983. l tor '- .ernit t  1986. 1989. I99I).  onlv
(i laypool ( l9t l ,1i  has reported on the temlxrral ac-
Li\ , iLr in lhc f icld f trr this spccics.

Numerous l ield studies on acLi\; tv r-hvthms have
bccn conducted on Mrlclotus species other than the
nlonLane \ 'ole. l \ ' ladison ( l9i l5) crrnclurlcr l  in his
review that the activit,v schedule thloLrgh the diel

lreriod of nrosl spccrics is f lerxiblc and that thc frcc-
running rhvthnls dl[in€( con-rtant ]ight or clarkness
(( ir lhoun 1945, Seed and Khali l i  197l. Lehrnann
1976, I laan and Slopscma l97B) supportcd thc
c\i-.tence oi circadian rhylhms. Field stuclies on
volcs oficn find cliurnaj or cr-cpuscul actilitv,
$l lerea-r voles under lahoraLorv crrndit ions ( int lLrd-

ing l'[. montonut) arc rcportcdlv nocturnal (Cal
houn  19  t r 5 .  He id t  197 I .  Seed  and  Kha l i l i  I 971 .
I lerman 1977. Rouscmitt  er ol.  I  982. Cla_"-.pool
r  982.  198.1) .

Rcrrrscmitt  et aL. 11982) dcmonstrrtcd in the
laborator.r,  thal a change in photoperiod can irrducc
ntr l .  11. m.nlanu' t . '  'hi IL i t .  locumoLor rrLi\ iL\

t7tt  NolthresL Science. \ i r l .  6t i .  No. 3. ]99,1
O l ' l9 l  | \  th .  \o , lh r { . r  : (  .n r l l i f  l$o . l i r  on .  1 l  r iehrs  f . . . r .d

fron a noclurnal to a cl iurnal l lattern. Ro$semiLt
( l99l l  recentlv compared those lesults r i th nrn-
nirrg nlreel activitv of fernale l\1. montttnus ttnd ob-
scncd nocturnal act ivi tv under long photoperiods
to be less l ikelv in lcrnalcs lhan in males.

Fielcl  stucl irs halc t lso shovn sornc l l icrotus
spccics cmphasizc diurnal activitv during Lhe $ in-
ter and then shi l i  to cr-epuscLrlar or noclurnal ac-
Li\  iLv in the sunmer ( l laumlcr l975, Carlc_v et a1.
1970. l-rkinaro 1961, Lehm:rnn 1976). -A.nbrose
(19713) reporLed a lcndcncv frrr M perrn,rrTranicLs
to be diurnal duling the summer in natLlral environ-
ntcnl cnclosrrrcs.

Dil felences irr the ternporal ucrt ivi tv of agc and
gcndcr of somc rnicrot ine specie-r ha\e been
reported b1- several investigators (Pearson 1960.
Evans 1970. BaLrnrler I  975. T-chmann ancl Som-
mersbelg 1980). Thi-s stud,v investigates the lcn-
poral activit,v ofthc montanc volc in the iieltl tluling
summer and autumn to elrrcidate t ire pal lcrns ol
adirilv $ith rcspcct to gcndcr and ages. and to de-
termine i l  this species is more nocLurnal Lhan di
uriral in the summer.

Materials and Methods

Study Area

Thc 2.6 ha stud_-v arca is in an old-f ield grassland
surrounded b_v lheat fields irnmecliatelv u'est ol
Robison Pond ( i100 m). 5.6 km n.t.  of Val la
S al la. (n.e. quartcr. scct ion 7. 

'17N, 
l t36E). \ Iral la

Walla Co.. \ t  -4..  The site is donrinated bv truscl
(I)ipsccas sTr,estns) dnd a rarietv of grasses
llglopltort s1t.. Brolrtrr' spp.. Fer/aca sp.. Poo spp..



ancl l \ t l l1togon sp.).  Fucl rcduction bulning in the
uea is pr'rctited everv fcrr vr:ar',.. anrl rnost recentlr
in Nor crnber. 1989.

Data Col ect on

Data rele col lcclr:d orcr l3 months in l \ ' lar-Julv.
ancl SepLr:rnLcr-\ovonber. 1989. and \1av-
\ovember. 1990. Shcrrnan l irc t laps lsi-r in 19t19
and tt l  in 1990). i ' rslru'ncnlcd t i th t iming
rncchanisrns. rrere spaced ;5 rn. haitr:r l  t i th orts
:rnd ( arrols (during sumrncl rnonths) and lefL olren
continuouslv l i r  trro. thrcc iJrrnc. 1990) or l ive
iJunc and Jul1. 1989. nnd JLrlv anrl  August. 1990)
(onsccutivc davs each xeek. The lr lrps \rctc
c hcckr:t l  rncl baitccl twice ear:h clar. Ctlr trrrerJ rrr lcs
*ele sererl .  lc ighcd. agcd iadults ) l l i l  g:
subadults 22-i l i l  g: juvcni lr :s { 22 g). err taggecl
with Moncl no. I  tegs {Nrt ionrl  Banrl anrl  Tag Co..
Nel porL. K'\ ' ) .  anrl  lclcascrl .  ' l  hc t iming mechan-
isms on lhe lralrs rrr:  a nrrxl i f icrt ion of:r i ielcl  t i rner
t lescl ibed bl Jenness arrr l  Wurt l  (1985) and are
porrcrcd t i th ,1-rethargeaLlc A{ Lattcr ics. 

' lhe

l irncrs alc act iv: l led \\ i th r m.rgnel s\t i tch $hcn thc
lral,  { l(x)f shuts. l i lapsed t irne is reacl fronr eiglrt
l ight ernit t ing diorlcs ( l , t l l ))  r 'ccordi lg 5. 10. 20.
10. 80. 160. i :120. and 640 nrinulcs fcspcctirclv.
l o  l c (  L rn ru la l c  I  275  rn i n  ( :  2 l  h r s  l 5  m in )  l r on r
the t irne the l fap door shl l ts. Anv combination of
LED's r 'oulr l  bc' rccoldccl.  ucl the total elalrserJ
t ime incl icatecl.  sulrtrar,tc 'd f ionr thc t ime or recoro-
ing. documented lhe cat)tufr t ime rr. i thin l5 rnin
artrrracv. l laps rrere rcverecl * i th a 2500 crn'z
vinvl urrp for lrrotcct ion against the elelnenl-r.  ^ln-
bicnl lonpoll t l l re ancl relat ire hrrrr ir l i l r '  lcrc con
tirruoLrslv rccordcrl  rr i th a hrgrothelnrograph
(\Ictdt l  5020. Qualimetl ics lnc.. Sacrrmenlr).  C A).
N{ean ambir:nt lonpclatule. '(  r{ere cleterninc't l  frrr '
elerv e\en hour' .  al l  r lals ol thc rnonth. l i r  ea< h
rnolth. l ' t l l  \ '1ar. JLriy. anrl  Scptcmbcr' .  1989.
ternpt ratrr lc-hurnicl i tv data nere rerrrrr lcr l  l i r l  onlv
I7. 19. rnd l5 rJavs rr:spctt ivclv.

Data Ana ys s

{ calrLrrrr:  indcr tas clevelopecl lo rel le( L lh( '  l rap-
ping success each rnonth. lhr inclex l trs lr :rsecl ()n
thc total nurnber ol r ,oles laptrrrcd. dir idcd bv the
total numLt:r oftrap-nights and trap,dars X lO0.
An unulvsis ol the,195 t alrtrrrc l inrcs shorrred onlv
6.4o{r (32) lo rcplesent crelruscrr lar uct ivi t l .  thLrs
the 12 (2.: l(Xr) crpturcs during morning l$i l ighl
\ tr t  pooled with cl iurnal captulr ls and the 20

{,1.0(}tr) capturcs during evening L*i l ight uere in-
cluded 'r i th the nocLLrlnal r,apturcs. Thc surrr ise
and sunscl l i rncs fol cacb month rrere a\efRge{l
to calcLrlatc thc percent ol l ightnes-. cluring thc 24
hr' .  Ihe monthlv capture frerlLrcncics ( lo) tbr cach
e\en hour of thc 24 hr dar lcrc delermined bv
Llsing the nearest hour ol r ,aptrrrc.

T tcstccl thc nul l  hlpothesis that no di l ferencc
existecl in the obserred or,ulrcncc of voles be
l$een da! anrJ night. I  took changing d:rvlength
inLo a(count and calcl ated the erpetLed ralrrcs
i lom the true proporl ions of clarlerrgth ovcr thc
sarnpl ing perirxl- For cramplc. in June i t  r ' : rs l ight
on the lverage 650i ol the 2,X hr dav. Thc 1'ztest
ras rrsr:d to lcsl thc cl i l ference-r betreen the ex-
pected number ol dirrrnal rxtrrr-rr:nccs ancl thc ob
ser\ 'ed nLrnrl)er of t l iurnal occrlrrences and
rl i l  fcrcnccs l  ele considel ed stat ist ical l l  signif i  cant
at thc 0.05 lelel.

Results

A lotal ol 4{JZ incl ir i r lLral ' l l i r :nr las $cre trapped
195 Linrcs. Basccl on teight. there uere 97
juvcni les. 215 sub:rclults. rrrr l  170 aclults. ln-
cl ir idual-" u'ere selJom rccapturcd, antl  in l1 r-,1
I  j t  r r r ,  ' n t l r . .  l l 0 -qso ' ,  u i  l l , e  ,  . ' l , r J r - -  s  e r ' '  , ,  r -  t i r r r ,
crptruccl indiviclu;rls. The gfealosl nunrbcr ofvolcs
*ere caught tJuring JLrlv and r\u€iu-rt .  1990. and
thc l 'er,!esl in October rnd Novcrnbcr' .  1989, rhi le
Lhe gfcalcsl l rapping success uas \ ' lay-Juh. 1 9f l9
( f  i gu re  1 ) .

1he pe|cenL cl i f ferr:ncc bctl |crn the percent ol
l ighL in thc 2,1 hl dav. taking ch:rnging cl:r_,- lerrgLir

!

l ' ' i gurc  |  .  Crp ture  n  i ces .  bascr l  o r r  r l r  Lo ta l  n rnrbcr  o l  ro les
captured  dnn led  br  the  to ta l  , ,un ,b . r  o l  t r r l )  r i8h ls
' n J  r  ' 1  ' l ' ' '  \  ' ' )  l l  '  I

l b f  e lch  nu i th .  \L imh r "  n l ,o \c ,  d .h  b l r  rep feser t

the  to to l  ro les  captLur r l .
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into account. and the perccnt ol cl iLrrnul volc ac,
l ivi lv obser\ed is shotn lbr ear,h month in Figrrrc
2. Vole actir in l , ;as ne\rrr mol.e noctLrrnal ihln er
pected. In l9B9 diurnal rct ir i t \  $as signi l icantlv
grerlcr thrn erpectccl in June (1' = 10.6i3. p <
0 .001 ) .  - cep rembc r  (X '?  :  f : 1 .54 .  p  <  0 .00 ] ) .  Oc
tobe r  (p  {  0 .0 .1 ) .  and  \ ovember . (p  <  0 .05 ) .  I n
Jul_" ' ' .  19{t9. lhc vole acti , , i lv las ,. tr-onlr lr  r l iurnal
(f '? :  3.23. p < 0.1). lhere r, ,as a strong dif fcr-
c'ncc betleerr thc per(.enl of diurnal acl ivi t \ .  i l l
t9B9 | ln(t r  990.

A binrrxlal cl iulnal arJir i tv palrern appcaled
durirrg JLrl l  throLrgh October. both vcars l l ' igs. i i
and:1). The grcatest rcLivi lv pcriod oft 'ufrcd mosl
lrequcntlv during thc 3 hr period bcfore sunseL and
subsequenl to peak anrbicnt tenlperaturcs. ln
\overnbcr. 1990. Lhc actilitv ras grcatest (25..->oh)
ciLrr ing the i i  hr pcriod beftrrr:  rnidnight: in ,Scp-
tcrnber. 1990. i t  uas gf{ralcst cluring rhc 3 hr
period fol lot ing srrrrr isc. 

' l 'he 
periorJ of least ac

t i v i t v  i n  l l  o f  t hc  13  rnon ths  l r s  beL*een  m id
niglrt  and sunrise. In Septernber. 1990. iret lecn
1000 and 1600 hrs. thelc tas 90i less actir i tr
than bctr,;een midnight ancl sunrisc. Bctween Oll00
anrl 1:[00 hrs in October. 1990, ther.e was ,160/o
less acl i l i lv than het*ccn midnighL and sunri-se.
ln sererr ol the l j l  months. no roles wcrc captured
al lhc 22(X). 2300. or 2400 hr ' .  and in ninc of
lhe l iJ rnonths nonc \rcle captLrrcd dul. ing t l tc
0200 hr.

'lhe 
ser ratio ol captured miilcs to femalc's avcr

aged l : l  .1 .  
' l  

bele was no signif icanL r l i f fcrence ar
the P < 0.05 level of the male:Icmale capLLrrcs
drrr ing anv month. ' lhr.oughoul the 113 rnonth trap-
ping perirxl. the vagrant shrel (Srrrer ragrani). rht:
dccr rnouse lPeronvscus nronicalatus). thc r,;est-
ern her\'cst motrse lReithrodonlt)nt \.s megolo'.l).
and the bouse rnousc (,Uar nrarcalzs) werc other
species pcriocl icdh <.aptrrrccl.

Discussion

The obriorrs cl ium:rl  sunrrncr act ivi tr .  and other
temporal pattenrs lound in this sludv. are -similar
to patlerrs clcscribed by Cla,vpool (1984) in the
onlv f icld stud'- on ternporal act i l i ty preri(ruslv
rcported for this species. Hc r jescribed monthlv
activi tv plt lcrns oter e lwo vear period 0f a popu,
lat ion of montane rolcs near Lhe southwest edger
of thc ( ireat -(alt  Lake in l  lah. lhe rolcs ar hi-.
l ield site. at 4l '  \ .  erpcrienced a photoperiod pal-
le rn lsummer solst ice is l5 h 09 min) similar to

180 Drabck
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F isL i r .2 .  The per . . r r , ,1  { l i l l e ren .er  l x .h r ! . r  rhe  perd , r  o t
lisbr nr dre 2l hIler. rakiDs.hdrsi,is d!'lengrh i,no
aorur t .  a rd  t | c  p r r ie r t  o fd  r ruLvo[ .acr ] i i r r  o l r
n  r r .d  e rch  Dor t l i .  S is f i l l c rn r  i l i f . r (  , r ,  s :  + .  I ,  <
0 . 0 5 : , . + . P < 0 . 0 0 t .

the lrhotopcriod at lh;s,tr6o N sire (summcr sol-
st ice is l5 h . tr5 min). He r icscribed role acti l i tv
r -  1 , r , , 1 , , n  i n . l t e l r  , l i r r r n  J I  l , i r n , ' l e l  i n  t l r ,  - r r n rm . r
and acti , ' i tv al dl hours in thc summer anrl lal l .
He rcpor-tecl late aftcrnoon actir.iLl- pcaks in Or:-
lobcr antl  Novernbcr. and a decrerasc ol acLivi lv
chuing the h{) l tcst period of thc dav.

' lhere 
*as no di l lerence irr act ivi tv parterns ol

males and lemales sccn in this slrdv. Clavpool
(198.X) dir l  not col lecl f ieLJ cl:r ta on gender cJi l ier
ence frrr , t l .  nLonlatu$. I tol-semitt  (  l99l ) rccenrlv
rcported a najor cl i l larence in lhc tonforal distr;-
bution of laboratorv runrr ing Ihccl u-"e bl fonlr le
l l .  u , , ' n t a t t u ,  r r r , l - r  l , , r ' :  r l u  n  l i g l r t  :  l t  l r  J e r k y
and short (t l  h l ight: 16 h dark) photoperiods. rhan
l haL shc and her col lragucs hacl prer iouslr.  found
lL , f  mc l ' -  fR , , \ \ - ,  m i  p t  , r l .  1 , t , 32 t . . i ' e  t ] , , . ' r , l  l l ' , r l
femalcs lcre less l ikelv thlrIr  male-c l(r bc noctunlel
under a Lrng photoperiod. -Shc fccls th:rr labora-
ton* running l  hcel use. Lrndr:r long photopciocls.
increascs noctumali tv lo a €ir.ealer dcgrce than
ntruld be ibrrnd undcr natural trrndit ions. M. penn-
s.tlrraniclr lim:rles havc bccn lburrd Lo bc mor.e cli-
urn: than malcs bv sorne (Evarrs 1970. N{adison
lq8 . ; r .  h , r l  o the r  - t r , r l , ,  -  u l  t h i -  - ; r n ,  - pe r i - -
rcported no dif fr- ' rcnce in gendef act ivi tv ([ Iadison
l9B5). Pcarson's (1960) stLrdv ol l l .  tal t l i rnictts
and l laumler's (19751 invcstigation ct l  l l .  agrcst is
frrLrncl no dif ferencc in act ivi t l  pattcr-ns oi males
and [emalcs.

A bimodal act ir i t l -  l raltcln cluring the dav r{as
also reporled i)r lhc montane orle bv Vaughan
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(19?.1). l 'he highest summer ternpcratures in this
sludr'$crc t lpicalh 25-30c(i and occLrrr.cd lronr
1400-1 800 lrr.  I 'ackarrJ (1 968) reported that rnon-
tane roles could not l i thstand lcmperatures rnrrch
abore l : i l 'C. I l igh davtinre lemfcraturcs r.eporr-
ccl l l  depressecl Lhc'r lavt inre rct ivi t ,-  i rr  M cal l l r
nir:r.r.r (l)carson 1960) arrd ,ll penns_r ltaniots (Celz
l 9 6  L  ) .

The acLir i tv at al l  ol  the dav ancl night horrr-s
re l r , r t ,  r l  l r - r e  I ' r , , l , . r l , i r  r - t l - c r -  r l r  ,  r r ,  r ' ee r i c

2  4  6  A  1 D  1 2  1 4

l l o u r  o f D a r

rcquirements ol the monlanc vole. Vaughan (1 974)
foLrnd thc stornach contenls ofM nbntantL\ ln hc
enlirel! forbs and pfasses. A lor,".<lualitr hr:r-
birorous diet rctluires llirroar.r spp. to leed lre-
qucntlv throughout thc 24 hr da1, (D.r:rn and
lschoif l98I).  Kenagy and Vleck (1982| iouncl
a relal i lelv uniform metaboli l  letel bctrreen dav
. rn , l  r ' i gh t  l i - r  l l .  l , ' ng i , u rdu ,  n r . , l  l l .  r , , uu . . nd i i .

' fhe 
pr-epondcrancc of the subadulls (450/0) and

adLrl ls (3570) ir) the caplurcd populat ion irr this

l l o u r

12 t4  16  t3  2 t l z2  24

o f  D a y

, f , l  dornr l rd  a rurs  a t  bour :  o f  dar  in , l i (a r ts  rhe  ! rn l -  Drh  r im. .  o l  nn ise  a ld  s !nn .L .

'f-
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sluclr lna_y account for thc diurnal activit,v pattern
seen in the popuLrt ion as a rrhole. Nocturnal cap-
tures ofjuveniles equalled or exceeded diurnal cap-
tures during ibur mr-rnths. The distr ibuLion ofadLrlt
activitv did not differ from that of the ju\'enile ,ll
noDtanra repo ed by ( i laypool (19t1,1). Juvenile
II. onn[is ancl ilI. ogrcstis. horlevcr. rcrc ltrund
to bc morc nocturnal than adults bv Hoogenboonl
et al.  (1981) and Balrmler (1975). Baurrr ier sug-
ge - ted  t l r e j u re r r i l - -  r n i g l r t  . r r o i , l  t l r c  r l . r r t i r n '  r . n r -
peti t ion presenled br the aclulLs.

I ' J f J - i l i - r n .  p re r l r l i on .  r n , l  . o rn fe t i t i on  " r '
three kinds of ilterspeciiic intelaclions that NIacli-
- \on (1985) suggested c|orrelated $ith tcmporal ac-
l ivi lv in microt incs. l)arasitcs havc bccn shovn to
chungc thc rlrythmic behavior ol Il. nLontanl,\

{Seed ond Kh. i l i  l97I).

l ) r cda to rv  p l cssu l cs  m igh t  i nduce  a

1 ' r , , JL rm in . r t , l r  , l i r r r n . r l  u r  nu l t r r r n r l  pJ l l en r  i n  I ' r c \
species such as microt ines. Hamilton (19137) in'
terplelecl the crepuscLrlar peaks of acl i \ ' i ty ;n , Iy ' .
pent6\ l1)a/ictL\ as a stratc'Hv- to avoirl both noctur-
nal ancl diurnal prcclators. Thc diurnal activity o{
ill. pennstlt:a,nicus, in areas lhere the predatorv
short-tailccl shrcr', Blonna 6rer,icazda. occurred.
r,;as suggcstcd as prcdation avoidance bt Fulk
r l o 7 2 r .  \ n o t h " r  - r r n i r c l  - t r c l e E r  " f 1 , r e r  - p . , i e -

could be to svnchronize actir i tv periods *i th oLhers
in thc popLrlat ion for crposurc tu prcdutor-s in or-
clcr to bcncfit from sa{etv in numbers. l he activitv
prtteln of a population ctI lI. antnlis, preved otr
bv kcstrcls. t'as h_vpotiresized to rellect this stratepry

{l)aan and Slopsema 1978, Rijnsdorp et al. 1981).
although Lehmann and Sommersberg (1980) in-
lerpfel the -svnchronous lommotol behar ior of '14.

, r i r a1 i .  , l i f i . n  n t l r .  Th , . r  t  , l  i t  i -  m , , f ,  i r npu r r rn l
for intraspccific communication rr'hile delending a
larnilr tcrritorl.
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