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Abstract

This studr reports or the incidcnce of damage from vole, pocket gopher, and dcer that feed on t.ee fruir orchards in the 0kanasan
Val ley  o f  Br i t i sh  Co lunb ia ,  Canada.  A  secondar r  ob jec t ive  was as- .essment  o f  the  re la t i vc  use  o f  ra r ious  rechn ique- (  lo r  cor t io l
o l  th is  mammal  darnage.  An on  s i te  sanf l i ig  sur re t  0 f  l0% o f  o rchard is ts  recorded the  in tcns i t )  o f  damage { i rh  respecr  to
f ru i t  spec ies  as  re l l  as  age and s ize  o f  a  g i ren  orchard .  Roden l  and deer  danage,  based on  t ree  do f ta l i t t  o r  .educed growth
and \ ie ld ,  was  rcpor ted  fo r  nore  ihan 30% and 21% of  the  orchards ,  rcspec t i re ly .  Some f ru i t  p roduc t ion  d is t r i c ls  had l0%
of  o rchards  s i th  sevcrc  (>  l0%)  tosses  f rom deer  b rows ing .  Young(<  l0  Jears  o ld )  app le  o rchards ,  S  ha  or  norc  i r  a fea
were  h igh lv  suscept ib le  lo  damage b l  pocket  gophers ,  vo les ,  and deer .  So i l  lex tu rc  had l i t l l e  e f fec t  on  inc idence o f  ro lc  o r
poc le r  gopher  a t tack .  Tor ican ts  Nc fe  the  mos l  w ideh used techn ique fo r  reduc ing  rodent  popu la l ions .  Fenc ing  uas  r le  on l i ,
re l iab le  nea.s  o f  p rcvcn t ing  deer  b ro{s ing  in  o rchards .  Commerc ia l  decr  rcpe l len ts  o f ie !  p rov ided incons is te r t  and unrc l ia l r le
pro te . t ion  fo r  f rL r i l  t . cc5 .

Introduction
The Okanagan Valley produces most of the tree
fruits and grapes in Brit ish Columbia. Prime
agriculturai land in this region occupies valler
bottoms, lorl elevation benchlands, and southern-
e1po .upe . l ope . .  Se le ra l  mamma l  . pec ip j  na l i \  t s
to the Okadagan interact with tree fruit  produc-
t ion in lhis area.

Three species of voles, , l f lcrotas montanus
(montane), M pennsl i . ,anlcas (meadow), and M.
longicaudus ( longrai led) reside within or adja.
cent to frui l  orchards. Voles inf l ict serious
feeding damage bl barking and gifdl ing trees
during the winter scason (Anderson l9B0). The
northern pockct gopher (Thomomys talpc,ides),
a fossorial gcomyid, is found in the subterranean
orchard environment. Pocket gophers damage
fruit  trees bt feeding on roots and underground
bark and this damage ma1'occur year-round
(Anderson l9B0). The negative impact of bark
and associated ! 'ascular t issue removal on tree
vigour and fruit  I ield has been clearly i l lustrated
for apple orchards in New York state and related
areas of the eastern United States (Pearson and
Forshcy l97B).

Rock_r mountain mule deer (Odocoileus he-
mionus hemionus) are abundant in the Okanagan
Valle,r.  Northwest white-tai led deer (O. oir,

ginianus ochrourus) and Rocky Mountain elk
(Certus elaphus nelsoni\ arc also found in some
areas of the Valley. Deer and elk tradit ional ly
migrate from high elevation summer range-r to
low elevation, southern exposure winter ranges.
The proximity, and in manl cases overlap, of
prime agricultural land and preferred winter
range has resulted in serious bro{sing and antler
rubbing damage to fruit  trees by dccr and elk.
Newly planted trees and high-density plantings
of semi-d arf trees are part icularly vulnerablc to
wild ungulate damage.

Intensive control programs (Bvers el al 1976)
and surveys (Anthony and Fisher 1977) of mam-
mal damage to orchards have bccn conducted in
the eastern United States. Howevcr, there is vir-
tualJy no information avai lable on the e\tent and
severitv of mammal damage to tree fruit orchards
in the 0kanagan Vailer. Thus, this studl ras de-
signed to investigate the incidence of volc, pocket
gopher, and deer damage to orchards in the
Okanagan, and determirre the relat ive use of
various techniques for control of mammal
damage.

Materials and Methods

An on-site sampling survey of 195 orchardists in
the f ive tree fruit  production distr icts of the
Okanagan Valle,r (Fig. 1) was conducted during
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Figure l. trfap of study area shosing th€ fire Iruit produc.
l ion  d is i r i c rs ,  nunber  o l  o rchard !  sdmpled  ln
paf€n lheses ,  and c l i rna t ic  da ta :  a rerage annua l
precititation (P), |ours ofsunshiic (S), and arerage
los (J.rnuar_"'') and hish (July) tenpcrarures (T).

Mav to August 1983. From a composite l ist of
2000 ro 2200 growcrs, e\.ery tenth grof ler $as
selected for an intervier,! .  The number of or-
chards samplcd in each distr ict ref lected the
abundance of lrcc fruit  gro!{ers in that arca.

The species and varietr-,  age of trees and area
(ha) were recorded for each orchard. In manv
cases, an individual grower had sevcral species

(e.g. apple, cherry, apricot) and ages of lrces in
blocks within the overal l  orchard. In lcrms of ro-
dcnt habitat,  soi l  texture was assessed on a scale
o f  I  t o6 ( l  =  c l ay ,2  -  c l ay i l oam,3  =  s i l t / l oam,
4 = sand/loarn, 5 - sand/gravel, 6 = clay/
gravcl).  Vole and pocket gopher feeding damage
to trees during the last f ive lears was recorded
as none, l ight (< I % loss), moderate ( l  to l0%
loss) or severe (> l0% loss). Tree loss may be
interpreted as mortal i tv or reduction in growth
and yield. Assessment of control techniques for
ro l o .  i nc l uded  the  p ropo r t i on  u l  g fo l . e r .  u . i ng
cultural practices (mowing between tree rorvs with
herbicide along ror!s), poison baits (toxicants),
and tree guards (wire mesh or plastic). For pocket
gophers, techniques included trapping, poison
placed in burrows, and use of an art i f ic ial bur-
row bui lder with poison bait.  Browsing damage
by dcer and elk was recorded in the sarlc man-
ne r  a .  r oden l  damrge .  C "n t ro l  l echn iquns  i n -
cluded fencing, repel lents, shooting, and various
scare der. ices ( including domcstic dogs). Results
from the survcy are summarized according to the
five fruit  production distr icts in the Okanagan
Valley (Fig. l) .

Besults

C mate

Avcrage annual precipitat ion and hours of sun-
shine as well  as average low (Januarl) and high
(Juiy) temperatures for each distr ict in the
Okanagan Valley are givcn in Fig. l .  A sl ight
degrec of cool ing (1 .6" to 2"C\ and rncrease rn
precipitat ion (53 mm) occurs from south to north
(Olivcr to Vernon). However, thcre is general l1
l i t t le variat ion in thcsc data rvith the gencral
cl imate classif ied as semi-arid.

Rodent Danrage

The incidence of damage bv voles and gophers
in each distr ict during the last 5 vears is i l -
l us t ra ted  i n  F ig .24 .  The  O l i ve r  d i s t r i c t  had
signif icantly fewer orchards with pockct gopher
damagc lhan an_v of the other distr icts. Similarly,
Olivcr had signif icantly ferver orchards with vole
danage than Vernon. The incidence of r.ole and
pocket gopher damagc was general ly comparable
in the Penticton to Vernon distr icts ranging from
3 l .B% to ,10 .5%.0ve ra l l , 2 .6% o f  o r cha rds  had
modcrate and 1.5% had severc tree mortal i tv
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INCIDENCE OF RODENT DAN4AGE

O  i v e r Pent cton

""..fls3FIFI

Kelowna TOTAL

c a v Clay/Loam S it lLoam Sandy/Loarn Sand/Gra\,€l Claylcravel

App  te

Re la t i ve  76 .1
a rea - /6

Figure 2.  Perccnrage of  orchards wirh feeding damage by voles and pockel  gophers in:  (A) f i le  f .u i r  product ion i t isrr ic ls i
( B ) r a . i o u s s o i l r v p e s j a n d ( c ) v a r i o d s f . u i t t r e e s p e c i c s . * p < 0 . 0 5 , ' * p < 0 . 0 1 ; s i g n i f i c a r r d i f f e r e n c e b y c h i - s q u a r e .
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from vole attack. These attack rates were 2.1%
and 0.5% respectively, for gophers

To determine if soil texture Iimits the
distribution of voles, and particularly pocket
gophers, this variable was related to the incidence
of damage (Fig. 2B). Except for the clay/loam soil
type which had fewer (p = 0.058, chi-square) or-
chards with pocket gopher damage than the
sand/loam type, soil texture appeared to have lit-
t le effect on supporting vole and pocket gopher
populations in an orchard environment.

Assessment of which species of fruit trees
were attacked by voles and pocket gophers is i l-
lustrated in Fig.2C. Apple trees were readily at-
tacked by these rodents with more than five times
as many apple orchards with damage compared
with cherry and peach. It should be stressed that
apple orchards (76.1% of production area) dom-
inate the 0kanagan Valley and this may in part
erpiain their higher frequency of attack than the
other fruit species.

In general, voles and pocket gophers attacked
young (l- to 10-,vear.old) fruit trees in ail districts
with totals of ?5.9% and 92.9%, respectively. In
terms of size, large orchards were more suscep-
tible to vole (r = 0.93, n = 6; p < 0.01) and
pocket gopher G = 0.98, n = 6; P < 0.01)
damage than small orchards (Figs. 3A and 3B).
There was litt le difference in the percentage of
orchards with vole damage between the 4- and
8-ha size classes. Orchards ) 12 ha had com-
parable vole damage (52.2%) to that in the B.l-12
ha class (total of 56.3%) and these classes com-
bined had significantlv (p < 0.01, chi-square)
more damage than those orchards < B ha in
area. Pocket gopher damage to orchards in-
creased significantly from the 4- to 8-ha classes
at Vernon and overall (p < 0.01; chi-square). In
a similar manner to vole damage, pocket gopher
feeding (36.5% overall) increased significantly (p
< 0.01; chisquare) from the B. to l2-ha class
(?5% overall). Horvever, damage declined (p <
0.05; chi-square) to 43.5% in orchards ) 12 ha.

In summary, vole populations occupied and
damaged approximately 30% of all orchards
up to 8 ha and 54% of orchards > B ha in
area. Pocket gopher populations damaged more
trees in large than small orchards up to 12 ha
in area.

The per r "en tages  o f  g ro$ers  us ing  ra r iou"
types of control measures for rodent damage are
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presented in Table l .  Cultural practices involv-
ing grass mowing and herbicide treatments along
tree rows were used by 83.8% of growers overal l
(range of ?6.? to 90.0%). The main function of
l hpse  p fa ' " l i c cs  i s  t o  reduce  vpge la l i ve  compc l i -

t ion, thereby enhancing tree growth and yield.
Thev  a re  eun . i Jc red  t o  be  o f  5qconda r l  imp , r r -
tance for control l ing vole damage at the present
t ime. Ho$ever, experimentation with mowing
and herbicides as a means of habitat manipula-
t ion may provide signif icant reduction of vole
and pocket gopher populat ions.

The use of acute andior anti-coagulant poison
baits to reduce vole populat ions was thc most
common and widespread control technique. More
than one-third of growers used poison with par-
t icularly heavy use in the Summerland (45.2%)

and  Ke lo ' nna  (50 .0F " )  d i " t r i , " t " .  The  p rupu r t i on
of grouers rvith damage who use poison but con-
t inued to have a problem with voles was 54.2%
(39i72). This measurement ref lects the general ly
poo r  l ong - l e rm  e f f i cac r  o f  pu i son  i n  "upp re . . i ng

vole populat ions. Conversely, the proport ion of
growers who did not have a damage problem but
st i l l  used poison was 45.8% (33/?2). Tree guards

{ere used by 9.2% of growers.

Po i "on  wa .  a l so  t he  ma jo r  l echn ique  em-

ployed by growers to reduce pockct gopher
populat ions and damage (Table 1). Nearly one-
half (a8.7%) of al l  orchards had baits placed in
gophe r  bu r ro rns  e i t he r  b r  hand -p robe  i n j ec l i on

or by mechanical burrow bui lder. Penticton and
Summerland districts had particularly high user
rates for pocket gopher poison (62.lTo and,
66.7%, respectively). 0l iver had the lowest use
at 25.6% which corresponds with their signif i-
cantly low incidence of pocket gopher damage
(see Fig. 2A). However, 46.3% (44i95) of those
growers using poison continued to have damage.
This also tends to ref lect the inabi l i ty of poison
to maintain pocket gopher populat ions at a con-
sistently low level in the orchard environment.
The proport ion of growers without a damage
problem but who st i l l  used poison in pocket
gopher burrows was 53.?% (51/95). Ki l l - traps
vere used by 27,27o of growers overal l  and
32.1% of these also used poison. The burrow
builder was used in l0.B% of orchards and was
usually accompanied by hand-probe placcment

ofpoison. Only 13.3% of orchards had both vole
and pocket gopher damage.



EFFECT OF ORCHARD S IZE  ON DAMAGE
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Figure 3. Percentage of orc|ards {irh (A) vole aDd (B) pocler gopher feeding danasc in four size classes fof rhe fire fruit
producl ion dist r ic ts.  Samplc s ize abore each hi - . togran.

Penticton Summerland Kelowna vernon

fewer orchards with browsing damage relative to
Penticton (41.4%). All districts except Oliver had
orchards with serious tree damage or loss (>
l0%). This was particularly evident in Penticton
(10.3 % ) and Vernon (10.8 %). A t cttal ol6.27o of
orchards had serious damage from antler rubbing
(Harder 1970) on voung trees.

of Mammal Damage to Tree Fruit Orchards 27

Deer Damage

The incidence of browsing damage by deer in
each distr ict is i l lustrated in Fig.4A. The Oliver

district had significantly fewer orchards with deer

damage than in Penticton, Summerland, or Ver-
non. In addit ion, Kelowna distr ict (18.2%) had

Survey



TABLE L  Percentage o f  g rowers  us ing  var ious  t lpcs  o f  co . l ro l  measu.es  fo r  roden l  damage to  o r .hards  in  the  OkaDagan Va l lcy .
Propor l ion  o f  g rowers  w i th  damage who use po i - "o r  bu t  s t i l l  har .  a  p rob lcn  is  ind ica ted  in  paren lheses .  a  a ,  b  b ,
c -c ,  d -d ,  p  <  0 .05 ;  ee ,  f f ,  gg ,  p  <  0 .01 i  s ign i f i caDr  d i l le rence by  ch i ' squarc

Conrol

Kelo{na

C u l t u r a l

Traps

hi l i lder

85.3

25.64
(si]  l )

2 .3

90.0

2 t'.6
(,1i8)

10.3

62.1e
( l0 i  l8 l

20.7

3.4

77.8

(9r19)

t  1 .9

66.i1
(13i28)d

30.9

I1 .9

87.5

50.0"
(13i22)

9 .1

( l 3 r2 l )

36.4

13.6

i6 .7

:12_4
(8[2)

1 3 . 5

83.8

36.9
(39ti2t

9.2

.15.9
(7r17)

24.3

25.6bcl
( l i  I  l )cdc

20.9

48.1
(,r4i95)

2i.2

10.8

The incidence of damage by deer to the
various fruit species is illustrated in Fig. 48. Deer
attacked apple trees (19.4%) more readi ly than
cherry (5.9%) or other fruit  trecs (0.0%). As with
the selection for dif ferent trees by voles and
pocket gophers, apples arc the major crop in the
Okanagan and this factor may have some rn-
f luence on the lack of feeding damage to other
l iui t  trce species.

Young ( l-  to S-year old) trees (73.1%) were
part icularly susceptible to deer attack. Ninety-
six percent of al l  deer'damaged trecs wcre < l5
years old.

Large orchards were general ly more suscep-
t ible to deer browsing (r = 0.97, n = 7t p <
0.01) than small  orchards (Fig.4C). In specif ic
distr icts, orchard damage from deer decl ined in
the ) 12 ha size class in Summerland and Ver-
non, and was the same as the B.l-12 ha class in
Kelowna. Overal l ,  orchards ) 8 ha had
signif icantly (p { 0.01; chisquare) more brows-
ing than those ( B ha in area.

The  pe rcen tages  o f  g ro r , . r s  us ing  ra r i ou .
types of control measures for dcer damagc are
presented in Table 2. Fencing of orchards was
highest (20.7%) in the Penticton distr ict which
is predictable based on the levels of serious
browsing (Fig. , lA). The total percentage of
orchards with fencingwas 7.27o. Repellents, both
commercial and home-made, ranged from 2.3%

use in Oliver to 16.?% in Kelowna. Usc of
shooting and scare devices rangcd from 0% to
4.8%. Those growers using repel lents were
generally dissatisfied with efficacv.

Discussion

0ur data clearly substantiate the detr imcntal ef-
fects of mammal damage to orchards as viewed
by commercial orchardists. These results are
comparab le  t o  t hose  f r om o the r  s tud res
(McDowell  and Pi l lsbury 1959, Anthonv and
Fisher l9?7). Although modcratc to severe
damage (based on tree loss and reduced growth
and yield) levels were general lv low (( 3%)
among the approximately 30% of growers with
feeding injuries from voles and pockct gophers,
any degree of trce replacement on an annual or
mult i-annual basis can have a signif icant
economic impact. Laidlaw (1982)has provided a
cosl-bencfi t  analysis of the potential dol lar value
of tree loss in orchards and i ts importance to
orchard management. Ser.ere () 107o) losses to
deer browsing are clearly of great signif icance
to a given grower in terms of current and future
production loss and tree replacement.

The consistency in vole and pocket gopher
damage through the various districts from Oliver
to Vernon is not surprising i f  the low variat ion
in cl imatic parameters and intensive orchard ir-
r igation and cult ivat ion methods are considered.

28 Sull ivan, Krebs and Kluge



INCIDENCE OF DEER DAMAGE
a , _/o urowsrnq darnage

(A) Dist  r icts
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Figure ,1.  l 'c .ccntagc of  orchards wi th feeding damage Ly deer i l :  (A) i i rc  l iu i t  product ion dist r i . tsr  (B) rarnrus l ru i l  r ree - . te( ies:

and (C) four s ize c lasses (srmple s izc ab, , ! .  .a.h h isrogram).  .  p < 0.05,  **  p < 0.01;  s igni t icant  r l i l tur 'nrc l , r

c h ! ! l u a f t .
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TABLE 2 .  Percentage o f  g .ower - (  us ing  ra r ious  t " 'pes  o l  con t ro l  neasures  f t r  de . r  da 'nag.  to  o rchards  in  t I c  0 [ rnagan Va l ley .
a a ,  b b ,  c c ,  p  <  0 . 0 5 ;  d ' d ,  |  <  0 . 0 1 ;  s i g n i l i . a n r  r l i l l f f c n . c  h ]  c h i - l q u a . c .

Conlro l

0 l iver Kelovna Total

Fen. i rg

S h o o t i n g

0.0"

8 .1

t.5lr

I L,t

2 .3

2 .3

.1.8

4.8

3.1

J.:l

, L7 "

2.3'

2 .3

2 .3

20.?ard

1 0 . 3

9.5

16 .7 '

2. i

i .2

3 .1

In an essential l_r dr,v cl imate, irr igated orchards
in Vernon, Summerland, and 0l iver are l ikelv to
provide productive grasslandiforb habitat for
voles and pocket gophcrs as vel l  as rxcel lcnt
winter forage for deer. 0ur assessment ofsoi l  tex-
lure and distr ibution of rodcnt damagc indicatccl
l i t t le dif ference among the various soi i  types.
Pocket gophers and the semi-fossorial pine vole
(M. pinetorum\ of eastern North Amenca are
kno*n  t o  have  spec i f i c  so i J  r equ i remen ts  (N { i l l e r
1964, Best 1973, Fishcr and Anthony l9B0). Thus,
thc lack of soi l  prefcrrnce by cither r.oles or
pocket gophers in the Okanagan mav be a result
of thc irr igation and fert i l izat ion rcgimcs rhich
make the orchard environInent attract ive regard'
less of soi l  texture. This explanation is further
. u p p n r l e d  h 1  . t u d i ' s  o f  p n c l e t  g o p h e r  a c t i r i t r
in natural habitats where sand! soi ls are clearly
preferred to those with clay-dominated soi ls
(T. P. Sul l ivan, unpublished). Soi l  texturc would
not be a rel iable cri terion upon which to base
a control program since location of nev orchards
on certain soi ls mal not reduce pockct gophcr
damagc.

The low proport ion (13.3 %) of orchards r i th
I 'oth vole and pocket gophcr damage suggests
that each rodent has specif ir :  requirements to oc-
cupl an orchard habitat and maintain a popula-
t ion level high enough to result in feeding attacks
to  t r ees .  These  requ i renen ts  cou ld  no t  be  i den -
tified on thc basis of our survcy. However, ncither
species showcd a "preference" for a given fruit
species (other than apple) or for soi l  t lpe. Other
factors which might be irnportant include
dislancc from natural habitats which mar act as
source areas for rodents to colonize orchards.

The Olivcr distr ict had the most intensive and
widespread area of avai lable land in fruit  pro'

duction and this ma.'-  explain the lorvcr incidence
of rodent damage in that area. The quali tr  and
cluanti ty of grass species r i th respect to food and
cover in orchard blocks and the relat ive propor-
t ions of herbs, forbs, and grasses mal inf luence
the  d i s t r i bu t i on  and  abundance  o f  vo l cs  and
pocket gophers, respectiveh (Ward and Keith
1962, Thompson 1965; Vaughan 196?, Crant and
Morris 1971, Birney el ol.  1976).

Unfortunately, orchards which appear to be
part icularl t  susceft ible to mammal damagc cover
a widc rangc of si tuations in thc Okanagan Vallel
where there has been a trend towards producing
more compact fruit  trccs. High-dcnsit l  plantings
of semi-drvarf trees are commonlr found in new
orcha r r J . .  i n t " r p l r r n r i ng . .  r r n , J  " r , ' h r r , J  r . nu r  a l  i uns
(replacement). These tree are especiai l l '  sensit ive
to deer and elk damage during the early non-
productive lears l 'hen careful pruning anrJ shap-
ing is essential for maximum production in later
years. In addit ion, thcy ni l l  rcmain lulnerable
to nlammal damage throughout most of their pro-
duc t l r e  )ea rs .

Toxicants are rvidelv used to control vole and
pocket gopher populat ions in the 0kanagan
\  a l ' e r .  Ho r . . r . r .  t l r e i r  e f f i r - a r r  sa -  u r r "e r l u i n
becausc approximatcl l  50% of al l  grorvers using
toxicants continued to have damage problems.
In these cases, thc use of poison for the purpose
of populat ion reduction provides onlr short ' ternl
success  i n  con t ro l l i ng  roden t  da rnage .  I n  add i -
t ion, many growcrs withcrut rodent damage con-
t inue to use poison hait-.  even though their use
may not be rec{uired in manv orchard srtuatrons.

Intcnsivc studt of the populat ion d_rnamics
of voles and pocket gophers is essential to the
dcvelopment of succcssful control tcchniques.
Thc existence of mult iannual and annual
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f luctuations in vole abundance makes predict-
abi l i ty of feeding damage dif f icult .  An integrated
coniroi slrategJ could reduce or el iminate
damage more effect ively than the widespread use
of toxicants. Intensive studies in this direct ion
are presentlv being conducted in the 0kanagan
Vallel.

Deer damage is clearl l  of the greatest
signif icance to growers at the present t ime. A
substantial effort is now being made to rehabil i '
tate ninter range in the Okanagan Valley. This
is a sound management approach to damage re-
duction but i t  must be coupled with specif ic pro-
tect ion for orchards rvhich continue to attract
dee r .

Permanent fencing, either conventional or
electr ic, can be instal led to physical ly exclude
deer from orchards. Conventional woven (page)

wire fencing is prohibit ively expensive in most
cases. High-tensi le, high-voltage electr ic fencing
has been dernonstrated to be an effect ive and
economical alternative to conventional fencing.
However, manT grorvers mav prefer the option
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of applying a chemical repellent to provide tem-
porary protection for fruit trees during times of
heavy deer pressure.

Commercial repellents have been developed
with l itt le regard for their biological significance
to deer or durabil ity in the field. It is not sur-
prising that the vasl majority of growers find
commercially available repellents to be ineffec-
tive. A reliable repellent system with biologically
significant origins such as predator odours
(Melchiors and Leslie 1985, Sull ivan et aL. l9B5)
released from a weather-proof dispenser is
urgently needed.
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