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Population Ecology of the Gray-Tailed Vole, Microtus canicaudus

Abstract
vo]L,s ofthe geru\ J./l(rrl,/l play I major rcle s pinar,v consuners ol regetrtion und ts a pfel_ b se iolrnany pred torsln

q s$ind communilic\ throughout thc world. We prescnr demogf.rplic lnd reproducti\e dxla iiorn u 2-yf f_leld \l!Ld,v ofihe gfrr_

i.itcd Iote. Mi.forrr.d,rirlre./!r, a li(lc knolvn rnicrolire specie\ endcnic ro ihe Willancltc Valler- of wescm OreSon. U.S.,A..
population data wcrc recofded or t$o live-trapping grids from Ocrobcr l99l thfough Scplembef 1991. Population densilic\

peaked berwccn I J ne rnd l0 Jul) |991 lr 5,1 !ol!'s,4ra. Peak brccding \\ith approxjnalel! 80ti of.rdull lernales preln.rnt or

iactating occurrcd bet$'een Nrr,,- and.lulre with l.sscr acti!ity in No\ember and Dccc ber. Very lilllc brccding occuffed during

late summef ard id $ intef lnonll s. Rec ruitnenl ralc a\ errged 1 .6 \ oles/litter/aduh lctnale. N1ean homc range sr zes \\'ere l$ r cc

.rs large fof mates (253 'n:) .Ls the,"- scre fof fenales (135 m:). \Je cornpare ihe fesults io this field studr' \rith those obtaincd

iion cnctosed poput, ior\ of Mi ott!t (tutit1ludu.r and r\ith iho\e oI clcling ,l/,c/rtrr spccies. We suggcsl that agficultural

pracliccs, tiagmenlarion of habitrt. sc$onal llooding of grasslands. and prcdation $ork in consofi to reguh(c !ole populatron

nunbcrs throughout lhc willamelte vallcr" of Oregon.

Introduction

Vcrles of the genus Mlcrul!/.r havc been studied
extensively with respect to their demography,
behavior, and genetal ecologv (Tanarin 1985).
These voles occur in a variety of grassland habi-
l i r l : .  l re  p r imur \  (un \ t lmer \ , ,1  g recn  repet . - t t ion .
and are a prey source for numerous predators.
Seventeen specics of Mit'rolrs have been recog
nized in NorthAmerica (Jones et t l. 1992), eight
of rvhich have bcen rvell-studicd. Although iD
tcrspecitic variation occurs among specics, the
gener l characteristics of Mi. r.)/ut species arc that
they have high reproductive potential (Keller 191J5),
exhibit mrrkcd population fluctuations otien lead-
ing to annual or nlulli annual (3-5 yr) c,Ycles (Krebs
and Myers 197.1. Taitt and Krebs 1985, Batzli
J 992), uti l ize a variety of breedin-q systems typi-
tied by polygynous or promiscuous mating (Wolff
1985. Tamarin et al. 1990) aDd lemale tcrritorial-
ity (Ostt 'eld l9ll5. Wolff 1985t. and have male-
biased iuvenile dispersal (Boonstra et al. 1987.
WoltT 1993, Lambin 199,1). Voles are used as eco-
logicrl model species (lms and Stenseth 1989) to
test hypotheses and construct couceptual and
r r r r therna l i ia l  rnode l .  uL l , l r r : ss ing  q t te . l i t ,ns  in
population regulation (Hanski and Korpimaki
1995. Krebs 1996). behavioral systens (Tamarin
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et al. I 990). and ecological problems such as habitat
f r lgment r t i , ' n  I  l rns  e t  J l .  loq i l .  In fo rmJ l i ln  on
additional species contributes to this data base
tbr conparatjve trnalyses addressing related ques-
tions in population ecology. We present popula-
tion data from a 2-yr live-trapping study of the
I ittlc-studied gray-tailed v ole, M i c ft tttrs cutic aud tt s.
Specifically we ask if -qray-tailed vQles possess
demographic characteristics associated with rapid
population grou,lh and resultant high densities
typical of cycling Micrutus specics. ln multl-an-
nual cycling voles, densities frequently l luctuate
fron <5 to >200 voles,4ra over a 3-5 yr period
(Tain and Krebs 1985). We also compare the
demography of fieJd populations of gray-lailed
volcs with thrt ofcnclosed populations (Manning
et  a l .  l995 ,Edgeeta l .  l996 .Wol f fe ta l .  in  p ress) .

Gray-tailed voles are a grass eating Ml.i?ltrr
occupying the grasslands of the willamette Val-
ley of western Orcgon and southcm Washington
(Verts rnd Cauaway 1987). Other than a bdef
clescription of thc habits and gencral biology of
gray-tailcd voles (Verts and Carraway 1987). and
laboratory studies on sibling rccognition (Boyd
and B lausre in  1985) ,  copu la to ry  bchav io r
(Dewsbury and Hatung 1982), and reproduction
(McDonald and Forslund 1978. Hagen and



Forslund 1979), l i tt le is kno\\"lr about the ecol-
og-"- of Lhis species. ln one opcn field, enclosure,
and laboratory study, Wolff et al. (199'+) lbund
that breeding occuned tr-om March through No-
r,enber rvith a breeding lull in latc summer and
micl-rvinter. adult body sizc ranged from 30 50
g. meal littcr size was 4.,1, the ttlating system rlrs
polygynous or promiscuous. home ranges of nralcs
u ere twice as largc as those of females. and Ju
venile dispcrsal rvas malc biased.

Study Area and Methods

Graytailed voles were l ive-trapped on two 0 5
ha open trap grids at the E. E. Wilson Wildli le
Alea. 15 km nolth of Corvall is, in the central
Willamctte ValJey, Oregon (4,1' 38' N, 123' 12'
W). These grids rvere situaled in open grassland
habitat dominated b) dense gfowlh of perennial
grasses. Fe.rlr..i .iru nclinat eu, Holcus lanotus. artl
Agrostis tenLris.E^ch grid consisted of 100 traps
i n  l  l 0  x  l U  r r r r u l  r n i l h  7 . b  m  b e t u e e n . t l t i o n ' .
One Shernran liuge size livc trap was placed\\"ithin
I m ofeach station with the i iont door ofthe lrap
intcrsecting an active vole runway. Thc lwo gnds
u'ere scpuated b1 20 m of untrapped habitat

Trapping rvas conducted at 2 u,k intervals ftotn
7  October  l99 l  th rough l6  Septcnber  1993.
During a trap week. traps were baited with oats,
set cach evening and exanlined the l ir l lorving
morning lirr four conseculive lights. Traps rlere
propped open and pre baited once duing non
rrappilg da1s. All capturcd voles $erc ear tagged
1or idcntif ication. and body mass. sex, reproduc
ti\,e condition, ald trap location wcre recorded
at erch capture. Fcmales "vere considered in re
productive condition ifthey were obvioLrsly preg-
na[t. lactating, or had widely parted pubic sym-
ph-vses. Voles were colsidered adult ifthey wcre

230 g (Woltf cL al. 1994). Testes ol mature gray-
tailed voles are relativelv small (- 8 mm long;
Wolff et al. 199,1) and often retractcd abdQmi-
nall,y and not detectable externally in adult ani-
mals. Recruits *erc detined as any nerlly marked,
<30 g aninrals caught aticr the init ir l population
was marked.

Population sizes were estima|ed using thc pro
gram CAPTURE and Lhe iack-knife estimator
(Rexlad and Bumhan 1992). Trapprbil i ly was
the percanl of marked animals caught each trap
week. Population growth rate was estimated by
dil iding the change in ln(dcnsit! + l) bctween

successive tt.ap periods b)' the nunlber of weeks
between trap periods. Mean lotgevity (not ac-
counting ti)r dispersal) wlls estinated by subtract
ing the first from the last week ofcaptute lor ani
mals first caught when they wcighed <10 g. The
rrtio ofrecruits to adult reproductivc females was
. , ,mputeL i  h )  , - l i v id ing  the  r ru  mbet  o l  re .  ru i l \  c lp
tured each month by the number of reproductivc
females caplured'+ wks earlier. This 4-wk pellod
provided tinre tbrjuveniles to be weaned, sul'fer
mortality. and bc recruited into the population.

Home range atel was estimated using the mini-
mum area polygon method (Hayne 1949) tbr adults
that were caught 7-9 times ovcr a 4 6 wk peliod.
Home rangcs wele lot calculated tbr animals rvith
more than one caPture in perinetel traps. Ani
mals caught in perirneter ffaps oftcn have honre
ranges that extend beyond the grid and Lherelbre
home rangc sizes would have been undercstinated.

From 3 April to 18 May 1995. we trapped tnd
lemoved voles fbr 46 consecutive days in one 0.5
ha pen enclosed oD the sides and top u, ith chicken
wire. This pen excluded all avian and larget ter-
restrial preclalors, but allowed fbr movcnlent of
voles. The enclosed pen was located adjaccnt to
r)ur two open-ticld l ive-trapping gdds. We used
thesc data to get a population cslinate of a high
density population in the absence of predatots.

Results

During the 2-yr study, 579 gray tailed volcs were
trapped 3.117 times on the two gtids. In addi
tion, 60 Townsend's voles (M ic rotus tttrtns e nd i i).
55 dccr mice (Perornstzs riranicrlrrtus). 87 vild
house micc (Mus nrusL:ulus)- and 109 vagrant
shrcws (Soier In,grarJ) $'ere captured. Onl), the
rcsults tiom gray-tailed voles are prescnted in this
paper.

Only cight voles (1.,1 % of the population)
moved betweeD the two grids during the 2 yIS so
we treated the grids as indcpendelt samplcs and
prescnt the data as neans and standard en:ors of
the t$,o grids with an n = 2. The sex ratio did tlot
dif ltr from I on either grid (M:F. 166:15l and
125:130.  bo th  Xr  <0 .18 .  P  >  0 .50 :  sex  o f  seven
aninals was not determined). Mean trappability
(I(rebs and Boonstra l9ii.1) over the tvrr ycars of
the study was 84? (se = 0.32'l) lbr malcs and
1|ch (sc = 0.21c/c) for females.

Mean population size of voles ranged from 5
to 27 \.oles/o.s ha duling the 2-yr study (Fig. 1).
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PopulatioD densities were highest in December
1991.  June 1992.  and January  J993.Thepopu l r -
tion remained rclatively low throughout the re
mainder ol 1993 even during the sping breeding
season. The mean weeklv population growth rate
tiomApril through Augusl 1992 lnd 1993 was -
0.l l (se = 0.283) and 0.00 (se = 0.200). respec
1i!ely.

Sorne adult females u'ere in reproductive cot
dition evcry month except |or Jrnuary 1992 (Fig.
2). Peak breeding activitv fbr females occurred
during May-June, with a secondary peak in Oc
tobcr. Breeding activity declined considcrably in
February-March and AugustSeptember of both
years. Peaks in recruitment followed peaks in
lemale reproductive trctivity in autumn 1991 , sum-
mer 1992 and autumn 1992. although relatively
lorv recruitment followed a rnajorpeak of f'emaJe
reproductive activity in the sunmcrof 1993. Mean
juvcnile recmitment/rcproductive female was 1.6
(se = 0.25). Fitiy-fbur perceDt ofthe animals caught
were caught just once. Mean ninimum longev

ity dif lered significantly between males (3.9 wks.
n = 96, se = 0.50) and fcmales (5.8 wks. n = 128,
se = 0.65: F =,1..15. P < 0.05).

Due to small sample sizes on each grid. mean
hone range sizes were estinatcd fbr the two grids
combined. Mean homc range size for males (253
mr, sd = I 38. n = I I ) was signitrcantly larger than
it was for females (135 mr. sd = 82. n - 26: Fr.r. =
9.689. P = 0.004).

During the.16 day trap period in rhe 0.5 ha
predator exclusion pen in l995, we caught 308
gray tailed voles. Very l itt lc sign of vole activity
was seen outsidc the pen even though suitable
habitat was plentiful. We did not trap the grids
during this time, but we saw fewer mnways, holes,
grass clipping and scatpiles than at any time dudng
the 2 yrs of trapping.

Discussion

During the 2-yr field study. population density
of gray tailed voles tluctuated bctween 5 and 27
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Figure l .  Nlean (se) nu berol  gray-t r i led voies/ | i .5 hu f ionl  November 1991 to Seprember l99l  at theE. E.  Wi lsc 'n Wi ld l i fe

Arca research site.
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roles/0.5 ha with no indication of annual or multl-
annual cycles. Vole populations that exhibit multi
annual cyclcs have vcqr distinct changes in den-
sitl'. age ratios. survival, andrecruitment ti(nr year
to yerr (Klebs and Myers 197:1. Taitt and Krebs
lrjx5). W( \r\\ nur)e ol lhc\c (hlrirulcrisl ic\ in trur
populatiqr that\\"ould indicate a rnulti annual cycle
rvas occurring. Reproduction and juvenile rccruit-
mcnt occumcd primarily from N{uch-Nove mttr with
a breeding lull in latc stltrrnrer and again in mid
wir]ter. This breeding pattern is typical of other
microtinc rodents at this latitudc (Keller 1985). Mean
minirnum Iongcvitl '  ( including survival and emi
gralion) wis 3.9 wks for ntales and 5.8 r'ks for
fenales and 5,17r ofthc animals rvere caught onl)'
once suggesting that animals did not rcmain long
on the stud)- area. With shotl longevity, an unpro
ductive wintel period of 3 n()nths with little re-
cruitnrenl. a subsequent low spring population. and
a mcan population glowth rate during the breeding
scason near zero or ncgative. populations did not
grow to pcak cyclic levels.

The relatively low numbers of voles and lack
of evidencc tbl cycling may be related k) lhree

intelrelatcd factors: patchy habitats, predation. and
scasonal f looding of habitats. Thc Willanette
Valley consists of a mosaic of habitaTs character-
izedby agricultural lields and urban environments
*,ith <l% pernanent grassland (Oregon GAP
Analysis Program, F. Faure. personal communi-
cation). Also. much of the Willamette Valley is
flooded lrom Decembcr through March when an
average of 58 cm of rrin ialls. During tl. is t ime,
nrany voles arc lbrced out ofsome areas and con-
finecl to otbers. Throughout the,Year. but espe-
cialll, during winter, the Willamette Vallcy hosts
a large resident and Inigratory population ofrap-
tors, primarily red tailed hawks (Blr,eoi.iruri(rcrsl.!)
md kesrels (Frftro r1rcn,eriro). as wcll as several
other species of hawks and owls. The E. E. Wilson
Wildl il'e Area provides refuge for a very den se popu-
Iation of raptors as well as red lbxes ( Vllpe.s i alTrcs).
coyotes (C.rrii l4tralat). long-tailed weasels (Mu*t1a

fienata), and sevcral species of large snakes. all of
which have been sighted on the study arca. Forag-
ing on voles by great-blue herons (A irlea lrerolirts)
qr the edge of flooded fields is a common sight in
the Willamette Valley during wlnter (pcrsonal
observations). Patchy habitats and the presencc
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ofdiversc facultatir c predators thtt consumc an1-
nals dispersing fiom patches have bcen used 1o
e\n ls in  thc  l  c l  o l  c )e les lh r ' .u1nc ,1 l rq1mi i1 ,1 ;n . -
populations (e.g. Hansson and Henttoncn 1985,
Hanskietal. 1991. Korpimaki and Norrdnhl 19911.

Our census of voles in the predator-exclusion
pen in spring 1995 denonstrates that grav-tailed
voles have the polcntial to retrch high dcnsities
that could lcad to cyclcs. We caught 308 \ 'olcs in
a 0.5 ha pen thal were designed to exclude all
ar, ian aod large ten'estrial predators. The nunber
of voles caught l ikely represents the number of
loles in the pcn rather than inmigrrnts during
the,16-day removal period bccause verv little sign
of vole activity was seen outside the pens. On
our trapprng grids adiacent to these pens, we also
saw vcry l itt le sign of active runways, burrows,
clippings. or scat piles. These resulls suggest that
in the abscnce ofpredators, gray-tailed voles wer.e
able te achievc extrernell high densitics (616 r'oles/
ha), similar to perk densities in cycling Mlclotrs
species (Krebs and Myers 1974. Hansson and
Hcnttonen 1985. and othcrs).

Very little historical information is available
regalding the relative abundancc of gray tailed
voles. but in Novcmbel 197.1, voles werc reported
lo be 'numcrous" and aL "peak" or "cyclic" den-
sltrcs near our study site (B. J. Vefls. personal
conmunication). A1so, Goertz ( 196:l) repofted rhat
gray tailed voles exhibited episodic irruprions, but
not with a predictable frequency. It appears that
gray tailcd veles havc the potentialto reach ltigher
densities than those measurccl on our open gdds.
but \\"e suggcst they may be preventcd fiom reach-

ing this potetlt ial by heavy predation and exist-
ence in a patchv and l'ra-qmented Jandscape.

For the last J yrs, our t'esearch group has con-
ducted cxpedments $,ith gray-tailed voles in 0.2
ha cnclosules thiit have been planted $'ith allalla
(Meditago sutiva. Manning et al. 1995. Edgc et
al. l995, in press, Schauber et al. in press. Wolff
et al. in l i l t.). We prcsent soltc conparisons of
the dcmography rnd behavior of voles in the two
study sites. AII analyses u'erc conductcd using
the same methods. Population densities in the
enclosures frcquently reached an equivalent of
350 to -500 voles,4ra (Edge et al. in press, Schauber
ct al. ln prcss) and >2.000 voles,4a in habitat fiag-
mcntation srudies (Wolf} er al. in l i tt.) which is
considcrably higher than the 54 voles,fta recorded
frorn our field site. Thc proportion of ferrales in
the population that were in reproductive condi-
tion during the breeding season averaged about
80 / ,  u t  bo th  . i te .  rnJ . iu |en i le  recnr i rmen l  ra rc .
were comparable at about l.6 j u I'eniles/adult le-
nalc (Edge et al. in press, Schauberet al. in press).
Minimun longevity of voles was grcater in the
enclosures than on the open grids firr both males
and females (Table 1). However. longevity of voles
on open pr ids  i . ; r 'n founJeJ  by  ern ig r r r ion .  - ,  i ,
not directly comparable to longevity in the en-
closed populations whcre emigratiot rvas not
possible. Meait weekly population grou'th rates
throughout the spring lnd sunmer on open grids
was -0.I I in I992 and zero in 1993 (rnean -.05:l
fbr the lwo years) compared to 0.09 and 0.l,1.
respcctively, in the enclosed grids (mean of0.1 l)
and 54% of the voles were caught only once on

TAtsl -E 1.  Compar ison of  demograpl ic  ler tures ol  grN- la i led ro les on rhc open gdds ar  r t re f ietd s iG and enclosed gdds ar
Hyslop l-ann: lnean (se). Drt.r fiom enclosed grids arc liom Edge er rl. fin pre\s) and SchaLrbcr er .rl. (in pres.').

Opcn grid\ Enclo\ed gr ids

\{a\imuln clen\iry. !oles/ha

Anim.r l \  caught onl)  oncc

Popularion 8rcrthA!eek*
L0ngevir ! .  $ks

Home runge \ i7c.  ml

51E

0.05,1(0.219)

3 9 ( t .21)

5.9 ( |  - lE)

253

l - : 5

.r50 500

a.n
0. (0.018)

6 .1 (0 .6 t )

E.7 (0.69)

93

56

\'{ann Whirrre! r. P = 0.091

F , , = 3 . i 1 1 , P = 0 . l l , l

f , , = 1 . 3 1 5 , P = 0 . 1 0 e

F  ro  =  31 .7  P  <  0 .001
F , - , = 1 7 . 3 . P < o . o o l

"mea. populati(nr g(Nth/$eek drLring the \'la) ALrgurt breedjng sea\on for rhc tu'(r I.ear\ combined.
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open grids compared to 24% in lhe elclosurcs
(Table 1: Edge et ir l. in press. Schauber ct al. l l ')
press). Growth rales near orbelow zero ald highcr
monalily (and/or dispcrsal ofanirnrls off the open
grids) could have kept thc open populations al
rclatively low numbcrs. The r.elatively high popu-
lation growth rates ald lack ol dispersal in the
enclosed population may all ha\e contributcd to
the high densities (Krebs et al. 1969, Boonstra
rnd  Kreh.  lo - ' ,  Or l l c l , l  lg t )  l ) .  Ot t r  l$ , ,  . i l . :
consisted of dit lercnl \ 'egetation (allalfa in en-
closed habilat and mixccl pasture grasses in the
opcn habitat) howcver voles apparenLly do equally
well in both habitats and may cven preler grasscs
(e.g. M iortus oclt to gast e r ar.<\ M. pernst lvanittrs.
L. Getz, per s. comm. ). The llct that densities in
the eDclosed populations ofien rcached >350 volcs/
ha compared to a maximun of 5,1 voles/ha in the
lleld suggcsts that any intrinsic or self-rcgulat
ing mechanisms were not etlectivc in l init ing
population growth jn the enclosures (Wo1fT and
Schruber 1996, see also Heske rnd Bondrup
Nielsen 1990).

At hoth .itt .. home rln!e. r rl mitlc. \\ ere l\\ i . ' \ '
as largc as those of ttmales. but honrc ranges at
the field site were twice as largc as they were ln
enclosures lbr both sexes (Wolff et al. 199.1tTable
I ). Hone range size in snrall mammals is quite
llexible and subiect to variations in habitat qual
ity and population density (Ostteld 1985. Wolft
1 4 8 5 .  B , ' r r r i r r  l O q o r .  I n , ' n c  u \ p e l i m e n l  i  , ' u r
enclosures. densitics approached 3.000 r'oles/ha
and we rccorded home range sizes of-25 m: rvith
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as many as 9-12 voles sharing ahone range (Wblff
and Schauber 1996).

We conclude that gray tajled volcs possess
attribules comnron Qf othcr Ml. rolu' species. Thc
high reproductive potential can lead to high den-
sit ies, horvever. population size and/or multi-an-
nur l  c rc le '  \eem L ,  he  l im i lcd  h)  ( \ l r in \ i c  (on

straints. Gray-tailed voles are flcxible in their
behavior and social structurc as evidenced by thc
compalisons of home range size and overlap in
open and confined populations. We suggest that
habitat fragnlentation in conjunction *ith winter
l l in \ l in "  lh " t  lu r ther  l r  rn r t .  hab i t l t  oc . 'uPJn( \  in
creases vulnerabil ity of voles to predators which
prevents populations fiorn reaching cyclic den-
sities. Occasional population in'uptions potcntially
can occur undcr an appropriate sct of extdnsic
conditioDs.
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