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Abstract

Voles occupy perennial grasslands and agricultural areas in many parls ol North America. This study was designed to provide a
detailed analysis of the population dynamics of montane voles in old field and orchard habitats. Vole pepulations were intensively
live-trapped in replicate old ficld and orchard sites over a 4-yr period at Summerland. British Columbia, Populations of montane
voles reached peak densitics of 186 and 144 voles/ha in old tield sites before declining to numbers averaging <60 voles/ha.
Orchard populations of montane voles also [ollowed this pattern but at consistently lower numbers than old ficld sites. This
difference in abundance ranged from 2.3-3.6 times during the peak vear to 23.8-116.3 times in the decline year, at which tme
montane voles had declined to a mean number of 0.3-2.4 voles/ha in orchard sites. Length of breeding seasons. proportion ol
reproductive veles, and mean number of recruits were generally similar in old ficld and orchard sites. Overall mean survival of
voles tended to decline through time in orchard sites, averaging 0.47 compared with old field survival of 0.76. Mean body mass of
voles was consistently higher in old field than orchard sites. Montane vole populations in orchards seemed to be linked to source

area dynamics of pepulations in old fields.

Introduction

Populations of voles (Micromus spp.) fluctuate in
abundance every 2 to 5 yr in North America (Krebs
and Myers 1974, Taitt and Krebs 1985). These
rodent species prefer perennial grassland habi-
tats that provide both cover and foed sources such
as grasses, sedges, and forbs (Reich 1981, Getz
1985). Multi-annual population fluctuations ap-
pear to require a minimum level of vegetative cover
to generate increases in abundance of voles (Birney
et al. 1976).

The montane vole (M. montanus) is distrib-
uted throughout the central cordilleran region of
western North America (Banfield 1974). This
species appears to prefer arid short grassland in
high elevation alpine meadows in the southern
part of its range, but it occurs at lower elevations
and in valley bottoms towards the northern ex-
tent of its range (Banfield 1974). The montane
vole is similar to the meadow vole (M. pennsyl-
vanicus) in many of its habits with some limited
evidence reported for both multi-annual and an-
nual cycles of abundance (Negus ct al. 1986, Pinter
1986, 1988). Based on the review of Taitt and
Krebs (1985), the montane vole is the least stud-
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ied microtine of all the major vole species in North
America.

Montane voles and meadow voles are the most
common microtine species affecting tree fruit pro-
duction in western North America (Godfrey 1986,
Sullivan and Hogue 1987, Askham 1988). The
meadow vole and pine vole (M. piretorum) cause
similar damage to orchards in the eastern part of
the continent (Byers 1984). Apple (Malus
domestica) trees are particularly susceptible to
feeding damage during winter periods when voles
feed on bark. vascular tissues, and roots. This
damage may lead to direct mortality from girdl-
ing or reduced growth and yield from sub-lethal
feeding (Pearson and Forshey 1978),

There is a dearth of intensive population stud-
ies of voles in orchard habitats, Previous work
reported that fine-textured soils limited the dis-
tribution of pine voles (Fisher and Anthony 1978),
invasion of voles from nearby fields caused a rapid
increase in vole populations {Horsfall 1964), and
voles responded negatively to herbicide-induced
weed control in orchard agro-ecosystems (Sullivan
et al, 1998, 2000, Merwin el 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
variability between habitats, seasons, years, and
the interactions of these factors.



Methods

Study Area and Experimental Design

This study was conducted from 1982-1986 at the
Pacific Agni-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 field habitats were
abandoned (225 yr) hay fields composed of crested
wheatgrass (Agropyron crisiatum), quack grass
(Agropyron repens), downy brome (Bromus
tecrorum), diffuse knapweed ( Centaurea diffusa),
with some minor forbs such as yellow salsify
(Tragopogon dubius), great mullein (Verbascum
thapsus), American vetch (Vicia americana),
prickly lettuce (Lactuca serriola), and tall tumble-
mustard (Sisymbrivm altissimum). Both old field
sites were each 2 to 3 ha within a mosaic of sage-
brush (Artemisia tridentata), ponderosa pine (Pinus
porderosa) forest, and orchard habitats. These old
fields had resident populations of montane voles
and a few long-tailed voles (M. longicaudus). Other
species included the deer mouse (Peromyscus
maniculatus}), northwestern chipmunk (Tamias
amoenus), Great Basin pocket mouse {Perognathus
parvus), and western harvest mouse (Reithro-
dontomys megalotis).

The two orchards were: (1) a 5-yr-old apple
orchard unit and (2) a 10-yr-old apple orchard
combined with a 15-yr-old pear (Pvrus sp.) or-
chard as one unit. Both 1.2-ha orchards were lo-
cated within a 90-ha mosaic of fruit trees and vine-
yards. Our experimental design had two replicate
blocks, each consisting of one old field site and
one orchard site. Each pair of old field and or-
chard sites was spatially segregated to enhance
statistical independence (Hurlbert 1984). Com-
mon grass species on the orchard sites included
orchard grass (Dactylis glomerata), quack grass,
bluegrass {Poa spp.), smooth brome (Bromus
inermis), and crested wheatgrass. These orchards
were mowed 5-6 times each summer. Montane
veoles were the major microting species with deer
mice and northwestern chipmunks also present.
Rodenticides were applied 3-4 times each winter
in poison-bait feeder stations.

Vole Populations

All voles were live-trapped on 1-ha grids with 49
{7 x 7) trap stations located at 14.3-m intervals
with 1-2 Longworth live-traps at each station. When

capture success exceeded 80% of the 49 traps on
a grid, an additional trap was added at each stu-
tion to prevent trap saturation. Gne of the old-
field grids was an irregular shaped rectangle of 1
ha with 49 stations. The two orchard and two old
tield grids were live-trapped at 3-wk {spring, sum-
mier, and fall) and at 4-6-wk (winter) intervals from
June 1982 1o April 1986. Trapping cftort was the
same tfor all four grids throughout the study.

Traps were baited with whole oats, peanut butter,
and carrot; coarse brown cotton was supplied as
bedding. Traps were set on day-1, checked on the
morning and afternoon of day-2 and morning of
day-3, and then locked open between trapping
periods. All animals captured were ear-tagged with
serially numbered tags, breeding condition noted.
weighed on spring balances, and point of capture
recorded. The duration of the breeding season was
noted by palpation of male testes and the condi-
tion of mammarics of the females (Krebs et al.
1969). A pregnancy was considered successful if
a female was lactating during the period follow-
ing the estimated time of birth of a litter. Ani-
mals were released on the grids immediately af-
ter processing.

Seasons were defined as summer (April to
September) and winter (October to March) peri-
ods. Thus, there were four summer and four win-
ter periods. We used age at sexual maturity to
determine age classes of voles. Body weight was
used as an index of age. The percentage of sexu-
ally mature animals was vsed to determine the
weight limitations for juveniles, subadults, and
adults assuming that juveniles were seldom, if
ever, sexually mature; that <50% of the subadults
in the npper weight class were mature; and that =
50% of the adults were sexually mature in the
lowest weight class. Voles were classtfied as ju-
venile (includes juvenile and subadult classes
pooled) or adult by body weight (juvenile = 1 -
26 g, adult 2 27 g). Juveniles were considered to
be young animals recruited during the study. Re-
cruits were defined as new animals that entered
the population through reproduction and immi-
gration. All handling of animals was in accordance
with the principles of the Animal Care Commit-
tee, University of British Columbia.

Demegraphic Parameters

Population densities were estimated by the Jolly-
Seber (J-8) model (Seber 1982) for reasons in-
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dicated by Jolly and Dickson ( [983}. The J-S model
provides the best estimates of population size for
mark and recapture data when trappability val-
ues are generally < 70% (Hilborn et al. 1976).
However, when population size falls low and no
marked animals are recaptured, the J-S estimate
becomes unreliable and impossible to calculate
{Krebs et al. 1986). For these low sample weeks,
a minimum number of animals known to be alive
{MNA) (Krebs 1966) value was substituted for a
biologically unrcasonable J-S estimate.

Measurements of recruitment. number of lac-
tating females, and early juvenile survival were
derived from the sample of animals captured in
each trapping session and then summed for sum-
mer periods. Early juvenile survival is an index
relating recruitment of young into the trappable
population to the number of lactating females
(Krebs 1966). We uscd a moditied version of this
index. which was number of juvenile animals at
week t divided by the number of lactating females
caught in week t — 3. Mean survival rates (28-
day) for voles in summer and winter periods were
estimated from the J-S model. Mean body mass
of combined maies and females was used as an
index of condition within populations of voles
during summer and winter periods.

Statistical Analysis

Our design was a 2x2x4 randomized complete
block factorial Model I analysis of variance
{ANOVA) (Zar 1999). We had three factors: A
was habitat with 2 levels (old field and orchard);
B was season with 2 levels (summer and winter);
and C was year with 4 levels (1982-83, 1983-84,
1984-85, 1985-86). This analysis was conducted
to test differences in mean abundance, mean nuni-
ber of recruits, mean J-S survival, and mean early
juvenile survival of voles between old field and
orchard sites. For the analyses, a single estimate
of the given parameter for each habitat, season,
and vear was derived to test for differences be-
tween the two treatments.

Proportion of adult males and adult females
breeding was analyzed by a y* 2 x 2 contingency
table (Zar 1999) for each of the four summer pe-
riods. These datasets of proportion of animals
breeding often include voles captured more than
once, and hence they are not completely inde-
pendent. Thus, the * analyses provide only an
indication of the degree of difference between
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datasets. Mean I-S survival rates and mean body
mass were presented with 95% confidence inter-
vals (CI) to provide arange of measurements for
summer and winter periods.

In all analyses, the level of significance was
P=0105,

Results
Abundance

We captured 1,877 individual montane veles in
iwo old field and 712 voles in two orchard sites.
Mean J-8 trappability {susceptibility to capture)
estimates ranged from 61.4% to 78.1% (summer)
and from 65.0% to 78.7% (winter) in the old field
sites. These estimates ranged from 47.0% to 88.9%
(summer) and from 28.6% to 85.7% (winter) in
the ovchard sites.

0O1d field abundance increased during summer
1982 and winter 1982-83 reaching peak densi-
ties of 186 and 144 voles/ha in late fall-early winter
1983 (Figure 1). Montane vole populations in the
orchard sites also tended to follow this pattern,
but at significantly lower meun numbers than in
old field sites (P < (0.01) (Table 1). This differ-
ence ranged from 1.5-2.9 times in summer 1982
to 23.8-116.3 times in winter 1985-86, hy which
time montane voles had declined to low numbers
(0.3 to 2.4 voles/ha on average) in the orchard
sites (Figure 1, Table 1). Numbers in the old field
sites declined over winter 1983-84 before peak-
ing again in 1984 at densities of 156 and 146 voles/
ha. Vole populations then declined during 1983
and 1986 to numbers averaging < 60 voles/ha
(Table 1), The season x vear interaction was sig-
pificant (P = 0.04), thereby indicating that the
pattern of higher abundance during winter than
summer periods was not maintained through time
on the orchard sites. No other sources of vari-
ance were significant.

Reproduction and Recruitment

The breeding season for montane voles, based on
reproductive condition of adult males, began in
February each year and continued until at least
October. This pattern was the same in both old
field and orchard sites. The proportion of adult
females with successful pregnancies ranged from
0.30 to 0.58 in the old field sites and from 0.24 to
0.35 in the orchard sites (Table 2). A significantly
greater proportion of adult female voles was
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Figure 1. Population densities (Jolly-Seber) per ha of montane voles in replicate old field and orchard sites during

the study. Shaded bars indicate winter periods.

TABLE 1. Mean (+ SE) abundance per ha for montane veles during summer and winter periods
in replicate old field and orchard sites. Sample size (8 = number of rapping periods)
in parentheses.

Replicate | Replicate 2

Period Old field Orchard Old ficld Orchard

Summer 1982 (7 692+78 236178 260265 178%35

Winter 1982-83 (3) 924 +7.0 414+ 8.1 52.1+5.0 18.2+4,1

Summer 1983 (9) 82.0£52 393+£63 703+5.2 193+32

Winter 1983-84 (8) 1155+141 398+ 76 125,748 15.8£43

Summer 1984 () 843109 48+ 1.7 1124£59 11.0£24

Winter 1984-85 (6) 90.8+138 153x91 Ielxl155  355+86

Summer 1985 (%) 54048 12x03 301247 151148

Winter 1985-86 (7) 349+44 0.3£0.2 572+31 2409

lactating in the orchard than old field sites in 1984
(P <0.01), with no significant differences between
sites in the other years.

Mean number of new voles was not signifi-
cantly different, between old field and orchard
sites, during summer and winter seasons, and over
time (Table 3}, There were no significant inter-
actions for any of the factors.

Survival and Body Mass

Mean J-S survival was not significantly different
between orchard and old-field sites during sum-

mer and winter seasons and over time (Figure 2).
The habitat x year interaction approached signifi-
cance {F =0.06) and this pattern was clearly out-
lined in the declining survival of voles in orchard
sites from 1982 to 1984 (Figure 2). Mean survival
of voles was 0.73 £ 0.02 in summer and 0.78 £
0.02 in winter in old field sites compared with
0.46 £ 0.05 in summer and 0.47 + .05 in winter
in orchard sites. An index of early juvenile sur-
vival was similar in orchard and old field sites
(Table 4). There were no other significant inter-
actions for any of the factors relating to these
survival parameters.
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TABLE 2. Proportion of adult malc (scrotal testes) and fe-
male {successful pregnancics) montane voles in
reproductive condition during brecding seasons
each year for pooled data in replicate old field
and orchard sites. Sample size (number of voles)
in parentheses. The only significant difference.
by . was lor females in 1984.

Year Old field Orchard
Males
1982 0.94(154) .90 (61)
1983 0.92 (416} .96 (134
1984 0.92(525) (1.94 (48)
1985 0.92 (349 (.98 (40)
Females
1082 0.30 (251} (1.24 (100
1983 0.34 (1003 0.33{193)
1984 031 (964) (.47 (68)
1985 (.58 (521 0.55 (47

Mean body mass of montane voles appeared
to be higher in old field than orchard sites in most
seasons (Figure 3). Old field populations of voles
generally had lower mean body masses in winter
than summer periods.

Discussion

Patterns of Abundance

Our study covered a 4-yr period during an increase,
peak, and decline in the cyclic fluctuation of the
montane vole, and it is the first detailed compari-
son of vole population dynamics in old field and
orchard habitats. Abundance of voles in the two
old field sites ranged from a mean overwinter value
in 1982 of 72.3 animals/ha to 120.6 in 1983 and
103.5 in 1984, before declining to 46.1 in 1985.

TABLE 3. Mean (£ SE} number of recruits per ha [or montane voles during summer and winler
periads in replicate okd fizld and erchard sites. Sample size (# = number of trapping

periods) in parentheses.

Replicate 1 Replicate 2
Period Ol field Orchard Old field Orchard
Summer 1982 (7) 204128 86+1.9 10.6 +1.7 81120
Winter 1982-83 (3) 20054 02+14 120+24 74+28
Summer 1983 (9 174+ 3.3 Q0+ 1.4 16121 BOx£13
Winter 1983-84 (8) 224445 05421 184134 T3 1E
Summer 1984 (8) 19138 2814 21033 606+14
Winter 1984-85 & 185154 47213 1752438 87+1.1
Summer 19835 €] 10.9+23 07+03 B3It 1S 41+16
Winter 1985-86 (7 84+14 03£0.2 11.7£23 1.3+ 1.0
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in the study.
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TABLE 4. Index of early juvenile survival of montane voles
(number of juvenile recruits per lactating female)
during breeding seasons each year in replicate old
field and erchard sites. Sample size {number of
lactating females) in parentheses.

Replicate 1 Replicate 2

Year Old field  Orchard Old ficld  Orchard
1982 2.09 4,33 2.24 293
(553 {9) (21 (15)
1983 0.81 1.45 .60 2.85
(175) 44 (164} (20)
1984 0.83 4.33 0n.79 2.9
(14%) (9 (135) (23)
1985 0.41 275 0.71 |.59
(198) {4 (102} (22)

Maximum and minimum densitics per ha were
186 and 19, which was similar to the range re-
ported for meadow voles by Taitt and Krebs { 1985).
Conversely, orchard populations had similar mean
winter numbers ranging from 29,8 voles/hain 1982
to 27.8 in 1983 and 25.6 in 1984, before declin-
ing to 1.4 in 1985. Thus, montane voles in these

orchards appeared to have an annual cycle of abun-
dance with low spring densities and relatively
higher nuimbers in autumn, although the habitat
X season interaction was not significant. Old field
populations had a multi-annual population fluc-
tuation overlying annual changes in abundance
{Figure 1). This dichotomy of population dynamics
fits the patterns described for voles for which the
amplitude of numerical change is < 5-fold for
annual fluctuations and usually >10-fold for multi-
annual cycles (Taitt and Krebs 1985),

In the enly long-term (19-yr) study, montane
vole populations appeared to fluctuate every 3-4
yr at high elevation meadows in Wyoming (Pinter
1986, 1988). This pattern of population fluctua-
tion was similar to the closely related meadow
vole (Krebs and Myers 1974, Taitt and Krebs 1985).
The temporal heterogeneity inherent in montane
habitats for populations of montane voles was also
reported by Negus et al. (1977). Negus et al. (1926),
however, studied a noncycling population of
montane voles aver § yrin a low elevation salt
marsh habitat in Utah.

® Old field 1 O Orchard 1
B Oldfield2 O Orchard 2
40 -
i 47
528 506 342
: * + 1381 4ia+ 297+ a1q 17
3B 4 144% * 185
. :324+ i % sasaiz ¥ { +
o J 59
@ 1 ga[}‘ 353 ¢ i as| 442 2
2] o]
S 30 4 % 84 3;1*
> 4 133 [}J 35 82
k] 1 {) 83
'2 4 78
& 25 - %’
O J
= i
20 =
15
Summer Winter Summer Winter Summer Winter Summer Winter
1982 1982-83 1983 1983-84 1984 1984-85 1985 1985-86
Figure 3. Mean body mass (g) £ 95% confidence intervals for montane voles in replicate old field and orchard

sites during snmmer and winter perieds in the study.
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Despite the differences in habitat, length of
breeding seasons and proportion of reproductive
animals were similar in orchard and old field sites.
Winter breeding (Jannett 1984) and a long breeding
season prior to a4 peak population of voles are classic
characteristics of cyclic behavior and seem to have
occurred in these populations. Larger body size
at the peak than in other phases of the cycle is
another characteristic and may have occurred in
the old field sites during summer 1983, winter
1983-84, and summer 1984 (Figure 3). However,
mean body mass measurements in summer 1985
and winter 1985-86 did not fit this pattern.

Orchard Populations

This study is the first intensive mark-recapture
analysis of vole populations in orchard agro-eco-
systems. Relative population levels of voles have
traditionally been monitored by activity measures
such as fresh sign or an apple indexing method
recording tooth-marks (Byers 1984, 1985). Most
vole species require 4 mimimum level of vegeta-
tive cover to increase in numbers during
multiannual population fluctuations (Birmncey et al.
1976). Natural grasslands or old fieids are the
preferred habitats of most Microtus spp. (Getz
1983). 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 for weed management, on a regular basis
during summer periods. The influence of thesc
cultural practices in reducing vole populations has
been reported by Byers and Young (1978), Godfrey
(1986), Sullivan and Hogue (1987), and Merwin
et al. (1999). Orchard habitats appear to provide
a predictable environment for montane voles and
thus may explain the relatively consistent, albeit
low, abundance patterns over the 4 yr.

We were not able to measure the effect of ro-
denticides on vole populations as no untreated
orchard sites were available for comparison. How-
ever, based on the patterns of abundance in the
two habitats, orchard population changes may have
been influenced more by natural factors than by
rodenticides. Merwin et al. {1999) reported that
anticoagulant rodenticides did not adequately
control meadow voles in apple orchards in New
York. Despite the variability in efficacy, rodenti-
cides continue to be the major method used to
reduce vole populations in orchards (Byers 19835,
Merwin et al. 1999).
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The relationship between vole populations in
old field or source area habitats and orchards is
likely a source-sink whereby lands adjoining an
orchard may contribute to population recovery
and maintenance through immigrating animals
{Horsfall 1964). 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 and Krebs (1971) and Krebs
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 surplus of animais available to colonize
depopulated areas (Sullivan 1986). This surplus
of animals was particularly dramatic in the out-
breaks of montane voles in the western U.S. in
1906-1908 and in 1957-1958 when this microtine
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 field habitats. Mean abundance of voles/
ha ranged from 26.0-125.7 in old field sites and
from 0.3-41.4 in orchard sites. Mean recruits/ha
also followed this pattern (Table 5). Length of
breeding seasons and proportion of reproductive
voles were generally similar in old field and or-
chard sites, but overall survival and mean body
mass were consistently higher in old field than

TABLE 5. Summary of the population dynamics of mon-
tane voles in old field and orchard habitats over a
4-year period.

Parameter and period Old field Orchard

Mean abundance per ha (range)

Summer 26.0-1124 12-393

Winter 349-1257 03-414
Mean reeruits per ha (range)

Summer 83-210 0.7-99

Winter 8.4-224 0.3-105
Reproduction {proportion) (n=4)

Males 0.93 0.95

Females (.38 0.40
Early juvenile survival (#=8) 1.06 2.79
Total survival (r=8)

Summer 0.73 0.46

Winter 0.78 0.47
Mean body mass (n=8)

Summer 35.3 310

Winter 315 274




orchard sites (Table 5). Traditional methods of
vole control (rodenticides) have little effect on
vole numbers during peak vears as voles from
adjacent habitats readily move into orchards. Qur
study suggests that other methods of vole control
{habitat alteration) may be more effective at lim-
iting vole-caused damage.
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