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Abstract
Voles occup_v perennial grasilands and agricullural arcas in man] prrts of Nofih Americr. This stud) r,as designed to pro!idc .r
delailed analysis ofrhc population dynamics ofmonlane voles ir old iield and orchard h.Lbitats. \ble populations wcrc inrcnsi!elv
live trapped in rcplicatc old ficld and orchird sites over a.l')r period at Summerland. British Colunrbia. Populalions ofmonlane
volcs rcachcd pcak densitics of 186 and 1,ll !oles,&a ir old lieLd siles before declining to numbers avcraging <60 loles/ha.
Orchard populations of monlanc !olc! also lollowed this pattern but at consistentlv lower numbers than old licld siles. This
difference in abundance ranged tiom 2.1 3.6 limc! during the peak ]ear to 23.8-116.3 times in dre decline year, ar which tine
monrane voles had declined to a mean nunber of 0.3 1.,1 \'olcs,4ra in orchard sires. LeDgrh of breeding seasons. proportion ol'
reproductire vole\, and mean number of recruits \\'ere generall] si ilar in old ficld and orchard sites Overall mean surliral of
!o]e\ tended to decline thfough time in ofchafd,iires. averaging 0.47 comparcd with oldfield survival of0.76. Mean bodf mass of
!oles lvas consistentl) highef in old field than ofchafd sites. Niontane \ole populations in orchards seemed to be linked ro source
area dvnamics of  DoDulat ions in o ld f ie lds.

lntroduction

Populations of voles (MicrorrJ spp.) fluctuate in
abundance every 2 to 5 yrin North America (Krebs
and Myers 1974, Taitt and Krebs 1985). Thesc
rodent species prefcr pcrennial grassland habi-
tats thatprovide both cover and food sources such
as glasses, sedges, and forbs (Reich 1981. Getz
laR5r .  Mu l t i - lnnua l  popu l r r ion  l lu . tua l ions  rp -
pear to require a minimum level of vegetative cover
to generate increases in abundance ofvoles (Bimey
et  a l .  1976) .

The montane vole (M noirtarza.r) is distrib-
uted throughout the central cordilleran region of
westen North America (Banfield 1974). This
species appears to prefer arid shoft grassland in
high elevation alpine meadows in the southern
paft of its range, but it occurs at lower elevations
and in valley bottoms towards the nofihem ex
tent of its range (Banfield 197,1). The montane
vole is similar to the mcadow vole (.M. pennsl'l-
vanicu.s) rn rnany of its habits with some limited
evidence reported for both multi-annual and an-
nual cycles ofabundance (Negus ct al. 1986, Pinter
1986, 1988). Based on thc revie* of Taitt and
Krebs ( 1985). the montane vole is the least stud

ied microtine ofall the major vole species inNonh
Amenca.

Montane voles and meadow voles are the most
common microtine species affecting tree fruit pro-
duction in western Nodh America (Godftey 1986,
Sull ivan and Hogue 1987. Askham l988). The
meadow vole and pine tole (M. pinetorun) cause
similar damage to orchards in the eastem part ol'
the continent (Byers 1984). Apple (Matus
tlonestie) trecs are panicularly susceptible to
feeding damage during winterperiods when voles
feed on bark. vascular t issues. and roots. This
damage may lead to direct mofiality liom girdl-
ing or rcduced gro\\,th and yield from sub-lethal
leeding rPear.on cnd I or:hc) lL)7E r.

There is a dearth ofintensive population stud-
ies of voles in orchard habitats. Previous work
rcpofted that fine-textured soils limited thc dis-
tribution of pine voles (Fishcr and Anthony 1978),
invasion ofvoles lrom nearby fields caused a rapid
increase in vole populations (Horsfall 196,1), and
voles responded negatively to herbicide-induced
weed control in orchard agro-ecosystems (Sullivan
et l. I 998. 2000. Merwin et al. 1999). Thus. this
study was designed to determine the abundance
and population fluctuations of montane voles in
old field and orchard ccosystems, with respect to
variabil ity between habitats, seasons, yeus, and
thc interactions of these lactols.
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Methods

Study Area and Experirnental Design

This study was conducted from 1982 1986atthe
Pacitic Agri-Food Research Centre in the Okanagan
Valley. Summerland, British Columbia. The ex-
perimental design consisted of two old field and
two orchard habitats. The old tield habitats were
abandoned ()25 yr) hay fields composed of crested
\\"heatgrass (Agrop,tron cristatunt). quack grass
(Agropl'ron repens). downy brome (llromus
lectornm). diffuse kn apw eed ( C entaure a diflusa),
rvith some minor forbs such as yellow salsity
(Tra gopo gon durlr.r), great mullein (.Ve rhasc un
t/rapsus). American vetch (yi.iia arnerictuta'1.
prickly lettuce (lacrr..a serllola), and tall tumble-
mustard (Sirynbrlllr altlssinrlr). Both old field
sites were each 2 to 3 ha within a mosaic of sage-
bntsh ( A n emi s io t ridentata), ponderosa pine (Pr)rris
ponderosa) forcst. and orchard habitats. These old
fields had resident populations of montane voles
;rnd a few fong-tailed voles (M. longicaudus) . Other
species included the deer mouse (Peromysctrs
tnan iculcttu s), northwestern chipmunk (ft mias
zrmoeilrs), Gleat Basin pocket mouse (P"rugr?.id?rJ

2arurs). and wcstern haNcst mousc (Reitlro-
tlontomts mega|otis).

The two orchards were: (l) a 5-yr-old apple
orchard unit and (2) a 1O-yr-old apple orchard
con.rbined with a 15 yr-old pear (P.-r'rr sp.) or
chard as one unit. Both 1.2-ha orchards were lo-
cated within a 90 ha mosaic of firit trees and vine
yards. Our experimental dcsign had two rcplicatc
blocks, each consisting of one old field site and
one orchard site. Each pair of old ticld and or-
chard sites was spatially segregated to enhance
statistical independence (Hurlben 1984). Com-
mon gmss species on the orchard sites included
orchard grass (Dcctl lis glomerata), quack grass,
bluegrass (Pod spp.). smooth brome (Bruarr
l/rerr??1.!). and crested wheatgrass. These orchards
were mowed 5 6 times each summer Montane
voles werc the maior microtine species with deer
mice and noflhwestem chipmunks also present.
Rodenticides were applied 3-:l times each winter
in poison-bait ltcdcr stations.

Vole PopuLations

Ali voles \\ 'ere l ive-trapped on 1-ha grids \ '", ith ,19
(7 x 7) trap stations located at 1,1.3-m intervals
with l-2Longwonh live-ftaps at each station. When

capture success exceeded 807o ofthe ,19 traps on
a grid, an additional trap was addcd at cach sta-
tien to prevent trap saturation. One of the old
field grids was an iregular shaped rcctangle of I
ha with 49 stations. Thc two orchard and two old
lield grids were live-trapped at 3 wk (spring, sum-
mer and fall) and at4-6-wk (winter) interr"trls from
June 1982 to April 1986. Trapping cffort was the
same fbr all four grids throughout the study.

Traps were baited with \\'holeoats. peanut butter,
ard carot: coarse bro$'n cotton was supplied as
bedding. Traps were set on da\-1, chccked on the
morning and afternoon of da.v-2 and moning of
day-3. and then locked open bet\i'een trapping
periods.All animals captured were ear-tag-tcd with
serially numbered tags, breeding condition noted.
weighed on spring balances, and point ofcapture
recorded. The duration ofthe breeding season was
noted by palpation of male testes and the condi
tion of mammarics of the f'emales (Krebs et al.
1969). A pregnancy was considered successful if
a female was lactating during the period fbllo*
ing the estimated time of birth of a l ittcr. Ani-
mals were released on the grids immediately af
ter processing.

Seasons were defined as summer (Apdl to
September) and winter (October to March) peri-
ods. Thus, there were fbur summer and four win
ter periods. We used age at sexual matudty to
determine age classes ofvoles. Body weight was
used as an index of age. The percentage of sexu
ally mature animals was used to detemrine thc
wcight l imitations tbr juveniles. subadults. and
adults assuming that juveniles were seldom. if
ever. sexually matulc; that <507. ofthe subadults
in the upper weight class were maturej and that >
507o of the adults were sexually mature in the
lowest weight class. Voles wcrc classified as ju-
venile (includes juvenile and subadult classes
pooled) or adult by body weight (uvenile = I -
26 g, adult > 27 g). Juveniles were considered to
be young animals recruited during the study. Re-
cruits were detined as neu, animals that entered
the population through rcproduction and imnri-
gration. AII handling ofanimals was in accordance
wiLh the principlcs of thc Animal Care Conrmit-
tee, University of Brit ish Columbia

Demographic Parameters

Population densities werc cstimatcd by the Jolly-
Seber 1J-S) model lSeber la82) fol rer.onr in-
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dicated b1'Jolly and Dickson ( 19133). The J-S model
provides thc best estimatcs ofpopulation size fbr
mark and recapture data $hcn ffappability val
ues are generally < 70% (Hilbom et al. 1976).
Howe\,er, $hcn population size falls low and no
marked animals are recaptured, thc J-S estimate
becomes unreliable and impossible to calculate
(Krebs et al. I 986). For thcse low samplc weeks.
a minimum nunrber of animals known to be alive
(MNA) (Krcbs 1966) value was substituted for a
biologically unrcasonable J-S estimate.

Measurements of recruitment. numbcr of lac-
tating females, and early juvenile survival werc
derived fi'om the sample of animals capturcd in
each trapping session and then summed for sum-
mer pcriods. Early juvenile survival is an index
relating recruitment ol young into thc fappabie
population to the number of lactating temales
(Krebs 1966.). We uscd a moditied version of this
index. which was number ofjuvenile animals at
week t divided by the number oflactating females
caught in week t - 3. Mean survival rates (28
day) for volcs in summer and winter periods were
estimated from the J S model. Mean body mass
of cornbined males and females was Lrsed as an
index of condition within populations of voles
du ng summer and winter periods.

Stat stlcal Ana ysls

Our design was r 2x2x,1 randornized complete
block factorial Model I analysis of vaiance
(ANOVA) (.Zar 1999'1. We had three factors: A
was habilat with 2levcls (old field and orch rd):
B was season wilh 2 levels (summer and winter):
and C was year rvith '+ lcvels (1982-83. 1983-84,
l9E.+-85, 1985-86). This analysis was conductcd
to test differgnces in nean abundance. mean num-
ber of rccruits, meln J-S sunival. and mean early
juvenile survival of voles between old field and
orchard sites. For the analyscs, a single estinate
ol the gr\cn paril lnelcr f,.rr eltch hlrhilr l. 'er., 'n.

and year was derived to test for differences be
tween tbe two treatments.

Proportion of adult ntales and adult iemales
breed ing :  u r '  i rn . t l l zed  b)  r  X  )  r  2  con l ingcncr
tab)e (Zar 1999) for each of the tbur summer pe-
riods. These datasets of propofiion of animals
breeding often include voles captured more than
once, and hence they are not conpletely inde-
pendent. Thus, the Xr analyses provide only an
indication of the degree of dif ltrence betwcen

2 . l t )  S r r l l r r l n . 5 u l l i r r n .  l n d  H ,  ' g u u

datascts. Mean J-S sulvival rates and mean body
mass were presented with 95% confidence inter
vals (CI) to provide a range of measurements fbr
summcr and winter pe ods.

ln all analyses, the level of significance was
P =  0 .05 .

Results

Abundance

We captured 1.877 individual montane voles in
two old field and 712 voles in two orchard sites.
Mean J S trappability (susceptibility to capture)
estimates ranged ftom 61.4% to 78.l% (summer)
and fiom 65.00lo to 78.77c (winter) in the old field
sites. These estimates ranged from.17.0cl,: to 13ti.9%
(summer) and fiom 28.6clr to 85.77' (\\"inter) in
the orchard sites.

Old fi eld rbundance increa.e,.l,. luring.ttmtner
1982 and winter 1982-83 reaching peak densi-
ties of 186 and 1,14 voles/ha in late tall-early winter
1983 (Figure I ). Montane vole populations in the
orchard sites also tended to follow this pattem,
but at significantly lo$,er mean nunlbels than in
old tield sites (P < 0.01) (Table 11. This differ-
ence ranged from 1.5-2.9 tines in summer 1982
to 23.8-116.3 tirnes in winter 19115-86, by which
time montane voles had declined to low numbers
(0.3 to 2..1 voles/ha ()n average) in the orchard
sites (Figure l. Tablc 1). Nurnbers in the old field
sites declincd over winter 1983 8:l belbre peak
ing again in 198,1 at densities of 156 and 146 voles/
ha. Volc populations then declined during 1985
and 1986 to numbers aver ging < 60 voles,4ra
(Table 1). The season x ycar interaction was sig
nificant (P = 0.04). $ereby indicaling that the
pattem of higher abundance dudng winter than
summcr periods u,as not maintaingd through tlme
on the orchard sites. No other sources ol \ad
ance were signilicant.

Feproduct ion and Recrui tment

The brceding season for montane voles, based on
reproductive condition of adult mrles. began in
Febmary each year and continued until at least
October. This pattem was the samc in both old
field and orchard sites. The proportion of adult
females with successful pregnancies langed fiorn
0.30 to 0.58 in the old tield sites and trom 0.2,1 to
0.55 in the orchard sites (Table 2). A significantll
greater proportion of adult tcmale voles $as
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Figure L Population densities (Joll)'Seber) per ha of nontane voles in replicate old field and orchard sites during
thc nud!. Shadcd bars indica!. wintcr pcriod\.

TABI-E L N{!'an (t SE) abundancc pcrha formonlanc \olcs during sunmerard winter periods
in replicate old iield and orchard sites. Samplc siTc 0r = numbcr ol rapping periods)
in parentheses.

Old field Orchard Old f ic ld Orchard

Sunnrer 1982
Winter 1982-83
Sumner 1983
winter l9El 8: l
Summer 198.1
Wintef 198'1-85
Sulnner 1985
Winter 1985 86

69.2 r 7.E
92..1t 7.0
82 .015 .2

I  15 .5  t  l : 1 .  I
8:1.3 :! 9.9
90 .8  r  13 .8
5,1.0 t.1.8
1.1.91,1. '1

23.6 r 7.8
.11 .1  1  8 . l
39.3 i6.3
39.8 r 7.6
,1 .8  i  1 .7

1 5 . 1 r 9 . 1
I  2  r0 .3
0 .3  J0 .2

l1)
(s)

(E)

(9)
( 1 )

26 .016 .5  17 .8 : t  3 .5
52 . l  15 .0  lE .2  r . r . r
70 .3  15 .2  19 .313 .2

| ] 5 .7  r  4 .8  15 .8  1 , t . 3
I  | ] . . {  r  5 .9  r  1 .0  I  2 .4
l l 6 .  i  l  l 5 . 5  1 5 . 9 1 E . 6
50 .1  1 ,1 .7  15 .11 .1 .8
57 .213 .1  2 . , 110 .9

lactating in the orchard than old field sites in 198,1
(P < 0.01), with no significant differences between
sites in the other years.

Mean numbcr of ncn volcs was not signifi-
cantly different, between old tield and orchard
sites, during summer and winter seasons. and over
t i rnc  rTrb lc  . l r .  I  hc r r  wcrc  n l  s ign i f ie .Ln t  in tL r -
actions tbr any of the f'actors.

Surviva and Body l\,4ass

Mean J-S survival was not signiticantly ditTerent
between orchard and old-field sites during sum-

mer and winter seasons and over time (Figure 2).
The habitat x yearintenction approached signifi-
cance (P = 0.06) and this patten was clearly out-
l ined in the declining survival ofvoles in orchard
sires from 1982 to 1984 (Figure 2). Mean survival
of rolcs was 0.73 10.02 in summer and 0.78 t
0.02 in winter in old field sites compared with
0.,+610.05 in summcr and 0.47 10.05 in winter
in orchard sites. An index of early juvenile sur
vival was similar in orchard and old llcld sites
(Table ,1). There were no other significant inter-
aclions for any of the tactors relating to these
sulYlral pammeters.
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TABLE 2. Proportion (rf adult malc (scrotal lestes) and fe-
male (ruccessiul prcgnancics) monlane !oles in
repfoductile condition during brccding seasons
erch year for pooled data in rcplicalc old iield
and orchard sites. Srmple size (number ofr'olcs)
jn parcntheses. The oDl) siSnificant differencc.
b) )('. was lbr ienules in 1981.

Mcan body nrass of montane voles trppeared
to be higherin old field than orchard sltes 1n nrost
seasons (Figure 3). Old l ield populations of voles
generally had lower mean body nlasses ln wlnter
than summer pedods.

Discussion

Patterns of  Abundance

Our studl cor crcd a 4-1 r period during an incrcr.e.
pcak, and decline in the cyclic f luctuation of the
montane vole, and it is the tirst detailed compad-
son of vole population dynamics in old field ard
orchard habitats. Abundance of voles in the two
old field sites ranged from a me;u overu inter value
in 1982 of 72.3 animals/ha to l20.6 in 1983 and
103.5 in 198,1, before declining to 46.1 in l985.

Old field orchard

\1.r1es
1982
1983
198.1
1985

1982
1983
198.1
Ir) l t5

0 .9 ,1 (15 .1 )
0.92 (, t16)
0.92 (525)
0.92 (3,19)

0.10 (rsl)
0 .1 ,1 (1005 )
0.r | (969)
0.58 (521)

0 .90  (6 r )
0.96 ( 13,1)
0.94 (.18)
0.98 (.10)

0 .2 .1 (100 )
0 .311193 )
0..17 (68)
0.55 (.17)

TABLE 3. Mean (1SE) number of recruils pcrha lbr lnonlane voles during s mmer and winter
periods in replicate old field a.d orchard siles. S.tmple size 0r = number oflrapprng
per i0ds) in parentheses.

Repl icatc 1
Old field Orchard

ReDlicate 2
Old field ()rchard

Sulnmef 1982
Winter 1982 8:l
Sunnrcr l98l
Winrer 1983-8,t
Summer l9E1
WinGr 198.1-85
SuIl lmer 1985
Wrntcr 1985 86

20.,1t 2.8
20 .015 .1
17 . , 1 I  3 . :

19 .1  i  3 .8
18.5 r 5..1
10.9 t 2.3
8 .11  1 . . 1

8 .6 r  1 .9
9 .2  !  1 .1
9 .9  r  r . 4
1 0 . 5  1 2 . 1
2 .81  1 . , 1
,1 .71  l . l
0 . 7 1 0 . 3
0 .1 r  0 .2

l1)
(5 )

(8 )
18 )
{6 )

\ 1 )

1 0 . 6 1  r . l  8 . 1 1 2 . 0
| ] . 0 I2 . . 1  7 . ' 112 .8
1 6 . 1  l : . 1  8 . 0 1  1 . 3
18 . ' 111 . , 1  1 .3  t  1 .8
r  r . 0 l  l . l  6 . 61  1 . . 1
11 .5  11 .8  8 .7  r  L l
8 . 1 t  1 . 5  , 1 . 1 1  1 . 6

1 1 . 7 1 2 . 3  l . t  I  r . 0

Flgurc L Nican Joll) Seber survival
(per 28 daysl195% conf i
dcncc ineI!itls ibr nontane
voles i. replical. old ield
and orchard s i tcs dudng
\ummer and $inter pcriods

in the studv.

. Od lield I o Orchard 1

r old lieid 2 c orchard 2

0 8

6

-
A 0.6

=  0 4

o.2

Summer Wnter Summer Winter
1982 1982-83 1983 1983-84

Summer
1984

Winter Summer Winter
1984-85 1985 1985-86
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' IAUI-E;1.  
lndcr o i  ear l , - . iuveni le \Ln! ivalof  monlanc \o lc\
( number |)1 jurenile fecru its per lactatin g tcnalc)
duringbrccdirg seasons erch ),ear in replicateold
treld and orchard siles. Srnple size (number of
lactating ltmalet in parcnrheses.

Replicate I Replicalc 2
Old trelcl Orchard Old ticld Orchard

1982

1983

r9E.l

I9IJ5

1.09
(ss)
0 .81
(175 )

0.81
(1:t9)

0. '+1
( 1 9 8 )

l . :15
('1,1)

.1.33

l . l5

2.)1
(21 )

0.60
( 16.1)

0.79
(rss)
0 .7  |
( 102 )

1.9.1
( l s )

2.85
(20)

orchards appeared to have an annual cycle ofabun-
dance with low spring densities and relatively
higher numbers in autumn, although the habitat
x season interaction was not significant. Old tield
populations had a multi-annual population fluc-
tuation overlying annual changes in abundance
(Figure 1). This dichotomy ofpopulation dynamics
lits the pattems dcscribed tbr voles for which the
amplitude of numerical change is < 5-fold for
annual fluctuations and usually > l0 fold for multi-
annual cycles (Taitt and Krebs 1985)

ln thc only long-telm (19 yr) study, montane
vole populations appeared to fluctuate eyery 3-4
yr at high elevation meadows in Wyoming (Pinter
19116, 1988). This pattem of populirt ion l luctua
tion was similar to the closely related meadow
vole (Krebs andMyers 1974, Taitt and Krebs l985).
The temporal heterogeneity inherent in montane
habitats fbrpopulations ofmontane voles was also
reported by Negus et al. (197?). Negus et al. (1986).
however. studied a noncycling population of
montane voles ovcr ll yr in a low elevation salt
marsh habitat in Utah.

, t .33
(9)

1.09
(13)

1 .59
()2)

Maxinrum and rninimum densitics per ha were
186 and 19. which was similar to the range [e-
porled tbr meadow voles by Taitt and Krebs ( 1985).
Conversely, orchard populations had similar mean
winter numbers ranging frorn 29.8 r'oles/ha in l982
to 27.8 in 1983 and 25.6 in l984, before declin-
ing to 1.,+ in 1985. Thus. montane voles in these

. Old field 1 o Orchard 1

I Old field 2 I Orchard 2

ta 1l
135 |

{+  |
3 T

I

2!7 t

i r
l ^ -

t i
l r

tI
i l

d '
I

+I

E z s

1 i

i r
tT

Summer Winter Summer Winter Summer
'1982 1982-83 1983 1983-84 1984

Winter Summer Winter
1984-85 1985 1985-86

Figure 3. Nlean bodt nass (g) 195% confidence intenals for monlane voles in replicare old field and orchard
sites during summcr and lvirter periods in the \iudt.
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Despite the differences in habitat, length of
breeding sersons and proportion of reproductive
animals were similar ir orchard and old field silcs.
Winter breeding (Jannett 1984) and a long breeding
season prior to a peak population of voles are classic
characteristics ofcyclic behavior and seem to have
occuned in these populations. Larger body size
at the peak than in other phases of the cycle is
another charactedstic and may have occured in
the old field sites during summer 1983. winter
1983-84, and summer 1984 (Figure 3). Howevcr,
mean body mass measurements in summer 1985
and winter 1985-86 did not f it this pattcm.

Orchard Populat lons

This study is the tirst intensive milrk-rccapture
analysis of vole populations in orchard agro-eco-
systems. Relative population lcvels of voles have
traditionally been monitored by activity measurcs
such as fresh sign or an apple indexing method
recording tooth-marks (Byers 1984, 1985). Most
vole species require a minimum levcl of vegeta-
tive cover to increase in numbers during
multiannual population tluctuations (Bimcy et al.
1976). Natural grasslands or old fields are the
preferred habitats ef ilost Microtus spp. (Getz
1985). Thus, it is not surprising that our orchard
sites had significantly lower abundance of voles
than the old field sites (Table 1). Our orchard sites
were mowed, and herbicide was applied to tree
rows 1br weed managemcnt! on a regular basis
during sumn.rer periods. The influence of thesc
cultural practices in reducing vole populations has
been reponed by Byers andYoung (1978), Godfrey
(1986), Sull ivan and Hogue (1987). and Merwin
et al. ( 1999). Orchard habitats appear to provide
a predictable environmcnt for montane voles and
thus may explain the relatively consistent, albeit
low. abundance patterns over thc 4 yr.

We werc not able to measure the efTect of ro-
denticides on vole populations as no untreated
orchard sitcs were available forconparison. How-
ever based on the pattems of abundance in thc
t\\, o habitats. orchard population changes may have
bcen influenced more by natural factors than by
rodenticides. Merwin et al. (1999) reported that
aniicoagulant rodenticides did not adequatcly
control mcadow voles in apple orchards in New
York. Despite the variability in cfficacy. rodenti
cides continue to bc the ma.jor method used to
rcduce vole populations in orchards (Byers 1985,
Merwin et al. 1999).

214 Su l l i ran .  Su l l i run .  an t l  Hoguc

The relationship between vole populations in
old field or source area habitlrts and orchards is
likcly a source-sink whereby lands adjoining an
orchard nlay contdbute to population recovery
and maintenance through immigrating animals
(Horsfall l96,1). Clearly, there were substantial
populations in our old field sites and during in-
crease periods (e.g. autumn 1983 and 1984), dis-
persal of voles was high. as documented experi-
mentally by Myers rnd Krebs ( 1971) and Krsbs
et al. (1976). During these periods of high dis-
persal in autumn and early winter attempts at
population reduction are essentially futile owing
to the sulplus of aninals available to colonize
depopulated areas (Sull ivan 1986). This surplus
of animals was particularly dramatic in the out-
breaks of montane voles in the westem U.S. in
|  9U6-  |  9 { )8  and in  |  957-  |  958 u  hen th is  mic ro t ine
caused widespread damage to agricultural crops
(Getz 1985).

Orchard populations of montane voles appear
to be linked to source area dynamics of popula-
tions in old lield habitats. Mean abundance ofvoles/
ha ranged from 26.0- I 25.7 in old fleld sites and
from 0.3 ,11.4 in orchard sites. Mean recruits/ha
also lbllowed this pattem (Table 5). Length of
breeding seasons and propoftion ol rcproductive
voles were generally similar in old field and or-
chard sites, but overall survival and mean body
mass were consistently higher in old tleld than

TAtsLE 5. Sunlmar]' of the population dlnanics oi mor-
iane voles in old lield andorchard habilals over a
4-yeaf penoo.

Parameter and period Old field

Mean abundancc pcr ha (rangc)

Mcan rccrui!s per ha (range)

ReproductioD (propoft ion) 0r=,1)
Males

Ear ly juveni le sun i \a l  ( ,=8 )
Tolal suni!al (fl=8)

Snmmer

N1ean bodl mass (r=8)

Summer

26 .0 -  I 12 .4  1 .2  -  39 .1
3,{.9 125.7 0.3 , l1.4

8 .3  -  21 .0  0 .7  9 .9
8..1 22.,1 0.1 10.5

0.91
0.38
1 .06

0.71
0.78

3  r . 5

0.95
0..10
2.',79

0..16
o.1'7

31 .0
21.1



orchard sitcs (Table 5). Traditional methods of
vole control (rodenticides) have little effect on
vole numbers during peak yeals as voles from
adjacent habitats readily rnove into orchards. Our
study suggests that othermethods ofvolc control
(habitat alteration) may bc more eft'cctivc at lim-
it ing vole-caused dantage.
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