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ECOLOGICAL REQUIREMENTS OF PINE AND MEADOW VCLES
IN NEW ENCLAND CRCHARDS

Alan J. Steiner

Depsrtment of Forestry and Wildlife Menagement
University of Messachusetts
Amherst, Msssechusetts 01003

INTRODUCTICN

With incressed concern over the effects of pesticicdes on
ecosystems and non-target species, the use of many toxic
materials hes either been banned or severly restricted.
Consequently, & more ecologicel approsch to vole demege is
necessery to develop sounder methods of control.
Distribution of pine vecles (Microtus pinetorum), both
seasonally end geogrephicelly, indicates thet this species
is not reedily adsaptsble to s wide range of hebitet types or
conditions. If there @ere certsin fectors 1limiting the
occurrence snd ebundance of pine voles, end they cen be
detected, we msy be able to exploit this knowledge to
adversely effect vole populetions by menipuleting their
hebitet.

The objectives of this study were to: (1) quentitatively
measure both environmentsl perameters and control methods
influencing the distribution and smount of demege done by
pine and meadow voles (Microtus pennsylvenicus) in scuthern
New Englend spple orchards, end (2) measure psremeters which
mey determine intre-crcherd distribution of the 2 species.

METHODS

Environmentel perameters thet could have an influence on
damesge caused by distribution snd site selection of pine and
meedow voles were messured st 2 hesbitet levels. The first
level, interorcherd, is the genersl hebitet of the orchard
end its surrounding larndscape. The second level,
intra-orcherd, is the specific microhsbitst used by
individusl enimels.

Inter-orcherd

At the genersl hebitst level, 65 orcherdes in the
southern New England aree were visited to sssess vole demege
and habitet conditions. These orcherds were selected to
include sreas of frequent, occesionel, end rere (or none)
vole dsmege throughout the study srea (Fig. 1).
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Figure 1. Distribution of orcherds sssessed for damage.

Demage et each orchard wss determined through an
interview with the owner/meneger sbout conditions for the
past 5-10 yeers and by rendom trsnsects through the orcherd
to locete burrows, runways, and demaged trees. A Damege
Index (DI) velue was then celculeted for each species st the
orchard. DI velues were:

- species not found

- species found, no damsge recorced
- some dsmage occesionsl yeers

some demsge every yeer

- intensive demege occesionel yesrs
- intensive demsge every year
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Interviews with the owner/mansger were done to find the
control methods wused for the psst severasl years; type of
poison, type of beit, spplication method and frequency of
applicetion, &nd whether herbicides were used sround the
trees; age of the orchard blocks; and tree types &nd
rootstock in the blocks. Random transects through the
orchards were done to meessure tree densities, topography,
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and ground cover. Rendom soil semples (1 semple/2-4 ha)
were taken of the top 25 cm of the orchard. Soil semples
were analyzed for the smounts of grevel, send, silt, clay,

snd orgenic matter present, pH, bulk density, end water
moisture.

Intre-orchard

At esch of the orcherds wused in the generel hebitat
enslysis, site specific so0il end vegetation semples were
teken from trees which were known to heve been demaged by
either pine or mesadow voles. In eddition, semples were
taken from trees which showed no signs of demage and which
had no burrows or runwgys under them.

The distribution of voles st 7 western Masssachusetts
orchards were determined by trepping. FEach trepping aree
consisted of 10-12 rendomly loceted grops of 3 trees in =«

row. Two Sherman live treps were plesced under the dripline
of each tree following the procedure of Gettle (1975). £Efech
trapping area was trepped for 3 3-dsy periods in a

consecuetive fell and spring. Psremeters meessurec et esch
trap site were: tree type, dripline rasdius, distance to
neighboring trees, soil type, vegetetion, slope, end number
of burrows snd runways.

Analysis

Deta for both hsabitst levels weTre tested using
discriminant function senelysis, & procedure for detecting
end quentifying differences between ssample groups from
multivariste dete. Discriminant ansalysis has 3 mejor
purposes. The first purpose, discriminetion, is to senswer
the question, "cen we distinguish between groups?" The
second and third purposes, sre classificetion and
prediction, 1i.e., "how can we distinguish between aroups so
thet future subjects mey be correcty grouped?" Assumptions,
data compilation, end calculetions for the discriminent
procedure sre discussed by Lindemen et al. (1980).
Groupings on the vole date were determined by the type of
species present end/or the amount of demege occuring. At
present, only soil date from the inter-orcherd and infested
trees has been anelyzed.

RESULTS
Inter-orchard

Discriminant function enalyses of the random soil
samples teken from esch orcherd end their corresponding DI
values showed e 44.3% correct classificetion for pine voles
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Taeble 1. Discriminent function <classificetion results for
rendom soil samples end pine vole DI vslues.
Predicted DI Vslues
pict¥ile 0 2 3 % 5
0 67.9% 14.9 0.6 7.9 4.6 4.7
1 31.6 37.3 0.0 12.3 7.1 11.7
2 28.0 1¢.1 28.9 14.0 4.8 14.2
3 14,7 23.6 2.6 39.0 5.6 14.4
4 0.0 c.o 0.0 31.6 36.8 31.¢6
5 0.0 0.0 1.4 1.4 0.0 97.1
Table 2. Discriminent function <classification results for
rendom soil semples end meedow vole DI vealues.
Predicted DI Values
pictutde 0 1 2 3 3
G 39.8% 28.0 2.8 21.0 8.4
1 26.1 49.7 10.9 10.2 3.0
2 30.4 13.8 30.7 16.6 8.5
3 16.7 26.0 14.9 28.2 18.2
4 10.1 7.5 G.0 20.9 61.6
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Teble 2. Stendardized discriminent function coefficients for
pine vole DI velues end rendom soil semples.

Separste DI Vslues Pooled DI

Veriable Furc. 1 Func. 2 Fupnc. 3 Func. 1 Func. 2
Orgenic Metter -.90 -.14 -.55 -.30 -.58
Gravel -.34 -.49 .19 ~.58 -.07
Sand -.69 .13 -.15 .53 -.16
Clay -.81 -.14 .79 -.01 -.15
pH -.20 -.09 -.48 -.10 .20
Litter Depth .16 -.93 -.08 -.27 .19
Bulk Density -.11 .16 .01 .19 -.82
Moisture Content .26 .26 .02 .40 -.19
DI Means

0 .21 .80 -.11 .53 .25

1 44 10 -.02

2 -1.01 .05 .26 -.21 37

3 .33 -.39 .09

4 -.72 ~-.71 -1.C4 -1.64 69

5 -.66 -.12 -1.06

Teble 4., Stsnderdized discriminant function coefficients for
meadow vole D] velues and rendom scil ssmples.

Separate DI Values Pooled DI

Variable Func. 1 Func. 2 Func. 3 func. 1 Func. 2
Organic Metter -.11 -.77 .04 -.68 .66
Gravel -.49 -.328 -.19 -.81 -.38
Sand .72 -.44 ~-.69 -.53 -.09
Clay .31 -.87 -.72 -.63 -.76
pH -.13 .17 -.20 .15 .52
Litter Depth -.35 .26 .05 -.72 ~.11
Bulk Density .25 ~-.41 1.01 .05 .01
Moisture Content .30 .10 .80 .33 -.04
DI Meens

0 .20 .3 .18 .62 .12

1 .55 .37 -.13

2 .21 -.89 -.09 -.25 -~.17

3 -.38 -.01 .27

4 -1.78 25 ~-.3 -.86 1.05
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Table 5. Discriminsnt function classification results for
random soil semples &nd combined pine vole DI
values.

Predicted DI Velues

pehytde o1 7-3 Z-5
6.1 76.4% 17.4 6.2
2-3 40.7 45.3 14.0
4-5 17.5 13.4 69.1

Teble 6. Discriminent function clsssificetion results for
rendom soil semples and combined mesdow vole DI

values.
Predicted DI Velues
picteide o-1 773 575
0-1 74.8% 14.8 10.4
2-3 33.3 43,0 23.7
4-5 0.0 22.6 77.4
Table 7. Discriminent function <clessificstion for soil

samples tsken from pine vole, meedow vole, eond
uninfested trees.

Predicted Group Membership

Actuel Group Semples Pine Meedow Neither
Pine Vole Damsged 30 46.7% 2C.C 3.3
Meedow Vole Desmeged 18 50.0 33.3 16.7

Undameged Trees 35 28.6 22.9 48.6
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(Teble 1) end & 4#0.1% correct classificstion for meadow
voles (Teble 2). About 7C% of the ssmples, however, were
classified into either the correct DI velue or the value
just sabove or below it on the scele. There was little
overlap between orchsrds with no cemage snd those exhibiting
intensive damsge. Percent orgsnic metter snd litter depth
were the veriebles most correlated with high DI velues for
pine voles while soil moisture was correleted with low DI
velues (Table 3). Percent send wses correlated with low
mesdow vcle levels (Table 4).

When these tests were repeated using combined DI vselues
(0-1, 2-3, 4-5) the number of semples correctly clessified
was 61.3% for pine voles (Teble 5) and 55.5% for mesdow
voles (Table 6). For both species most of the incorrectly
classified samples were from the occasionsl demsge DI velues
(2-3). There wes 1little overlap between the samples for
orcherds with no demsge and those with hesvy damege. High
percentsges of orgenic metter, grevel, and moisture were
relaeted to high DI velues for pine voles (Teble 3). High DI
velues for wesdow voles were related to the amount of
orgenic mstter in the soil.

Intre-orchard

Anelysis of the soil dets teken from dsesmaged end
undemaged trees showed no correletion between predicted end
observed groups (Teble 7). The semples correctly classified
was only 44.6% which 1is only slightly better than random
chence. When only the pine end mesdow vole trees were
tested, the number of samples correctly clessified was 70.8%
(Table ). This enalysis would seem to indicste that
uninfested trees do not represent vole resistant trees but
are instesd unoccupied hsbitst.

The most important verisbles in this discriminetion were
sand, silt, organic metter, and bulk density. High
percentsges of organic metter and bulk density were
fevoreble to pine voles while high quentitities of sand end
silt were fesvorable to meadow voles.
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Table 8. Discriminsnt function clessificetion for soil
ssmples taken from pine vole end meedow vole
infested trees.

Predicted Group

Actusl Group Samples Pine Meadow
Pine Vole Damaged 30 73.3% 26.7
Meadow Vole Damaged 18 33.2 66.7
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