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PREDATOR ODORS AND THEIR POTENTIAL ROLE IN MANAGING PEST RODENTS
AND RABBITS

THOMAS P. SULLIVAN and DRUSCILLA S. SULLIVAN, Applicd Mammal Research Institule and Mammal Pest
Management Lid., 23523 47th Avenue, R.R. No. 7, Langley, British Columbia, Canada V3A 4R1.

DOUGLAS R. CRUMP, Chemistry Division, Department of Scientific and Industrial Research, Private Bag, Petone, New
Zealand.

HAL WEISER and ELISABETH A. DIXON, Department of Chemistry, University ol Calgary, Calgary, Alberla, Canada
T2N IN4,

ABSTRACT: The snowshoe hare (Lepus gmericanus), several specics of voles (Microtys spp.). the northern pocket gopher
{Thomomys talpoides), and the red squirrel (Tamigsciurus hudsopicus) cause serious damage o forest plantations and slands
(and volesand pocket gophers in tree Fruit orchards} by their feeding activitics. Certain synthetic predator odors are reviewed
which have produced signilfcant avoidance responses in these pest species and reduced damage w crop trees on an
experimental basis. Inaddition, the specific study reported in this paper was designed 10 assess the influence ol predator odors
onpopulation density and survival of moniane vole (M. montanus) populations in natural grasstand habital. Vole populations
declined significantly in three consecutive winters on an area (and also on a replicaled area in the third winter) treated with
predator odors. These declines were caused by significantly fower survival in the reatment than control populations. Can-
current feeding damage to young apple trees was significantly reduced on the ircatment arca. We suggest that the predator
odors may have altracled additional predators 1o the swdy area thercby increasing predation, as well as perhaps inducing
behavioral-physiclogical stress in the vole populations. This technique could be implemented in forest plantations and tree

fruit orchards as a means to disrupt resident vole populations and protect crop trees from damage.

Proc. Yeriehr. Pest Conf. (A.C. Crabb and R.E. Marsh, Eds.},
Printed at Univ, of Calif., Davis. 13:145.150, 1988

INTRODUCTION

Several species of rodents and tagomorphs inflici serious
feeding damage o forest and agricultural crops in North
America and many other parts of the world. These mammal
pests feed on the bark, vascular Lissues, and roots of Urees in
fruit orchards and coniferous/deciduous forest planlations, as
well as vegelable, grain, and forage crops in cultivaied [ields.

In particular, regencration of coniferous forests is ham-
pered by seedling destruction by the snowshoe hare (Lepus
americanys) (Aldous and Aldous 1944, Black et al. 1979,
Sulfivan and Moses 1986), various species of vales (Microtus
8pp.} (see review by Green 1978), the northermn pocket gopher
(Thomomys talpoides) (Bames 1973, Bames et al. 1982,
Cronch 1982), and the red squirrel (Tamiasciyrus hudsoni-
cus) (Suilivan and Sullivan 1982). Snowshoe hares fluctuate
dramatically in abundance with peak populations every 9 to
10 years (Keith 1963). Voles tend 10 Muciuate in regular
cycles of abundance every 2 1o 5 years (Krebs and Myers
1974). Hares and voles may feed inlensively on deciduous
and coniferovs ree seedlings during pericds of high popula-
tion density. Pocket gophers tend to have an annual cycle of

abundance with the potential for feeding damage to occur "

every year. Red squirrel populations appear 1o fluctuate in
accordance with available cone crops, with high numbers
leading 10 debarking of wrees in young stands in central B.C.
and Alberta (Sullivan 1987). Feeding damage to uwee it

“f988b). Experimental

orchards by voles and pockel gophers is also a serious
probiem in castern (Davis 1976, Byers 1984, 1985) and
western North America (Sullivan etal. 1987).

The use of toxicants (poison baits) has been the principal
method to deal with this problem. This technique may be
temporarily effeclive and is usually the only method avail-
able in mos1 problem areas. However, the application of
poison has four major disadvantages: (1) resiliency ol1argel
species o repopulale poiscned areas, (2) development of
resistance 1o bail formufations; (3) poor bait acceplance, and
(4) hazard 1o non-larget species. Anallernative lechnique Lo
keep these pests from feeding on crops is needed if food and
fibre production are 10 be maintained and perhaps cxpanded
in the fulure,

The use of synthetic predator odors as arearepellents has
considerable potential for protection of forest and agricul-
wral crops. Cenain predator odors ariginating from [eces,
uring, or scent {anal) gland secretions, elicita*fear” response
when detected by prey species. To date, onan experimental
basis, synthelic predator odors as repeilents have produced
significanl avoidance responses in several pest species and
reduced damage to fores and agricultural crops (Sullivan
and Crump 1984, 1986a, 1986b, Sullivan ct al. 1988a,
resulls for hares, voles, pocket
gophers, and red squirrels are summarized in Fig. 1. Larger-
scale trials are currently in progress in forest plantations
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(snowshoe hare) and apple orchards (pocket gophers).

PREDATOR ODOR REPELLENTS

Synthalic Avoigance Asduction

Peat spuciss constiluents rasponse In damage — Durntion

YES OVERWINTER
Weassl -
Snowshoe hare
Red lox - YES PEN
uMgatane and Weassl YES YES OVERWINTER
@.- mendow voles Red o2 YES YES OVERWINTER
~——— Pochal gopher Weassl YES - OVERWINTER
RIS 1
}R\‘ Weassl YES SCREENING
- ]
gyl R sadies Aed foa YES - SCAEENING

Fig. 1. Review of the avoidance responses and reduction in damage for the
snowshoe hare, montane and meadow voles, northem pocket gopher, and red
squirrel when exposed to synthetic predator odors from the weasel and red
fox. Details of these studies are given in Sullivan and Crump (1984, 1986a,
1986b) and Sullivan et al. (1988a, 1988b). Those for the red squirrel are in
Sullivan et al. (unpubl.).

Certain predator odors presumably have kairomonal
properties by inducing a “fear” response in the pest (prey)
species. Synthetic compounds from the anal-gland secretion
of the ferret (Mustela furo) and urine of the red fox (Vulpes
vulpes) have been used experimentally as means of individ-
ual recognition and to mark territories (Whitten etal. 1980,
Clapperton etal. 1988, Clapperton and Minot 1988), Thus,
itis possible that additional predators may be attracted to the
repellent odors which they assume other members of their
species have deposited as territory or other behavioral marks.
As such, anincreased number of predators would enhance the
rodent repellent strategy by direct predation on rodents, and
reinforcement of the avoidance response by those rodents
which have detected the odor and are actively avoiding the
protected area. Therefore, could these odorsbe used to attract
predators, thereby reducing the population density (and
survival) of a pest species on a given area?

This paper reporis on a study designed 10 assess the
influence of synthetic predator odors on the population
density and survival of montane vole (M. montanus) popula-
tions in natural grassland habitat,

METHODS
Study area

This study was conducted at the Agriculture Canada
Rescarch Station, Summerland, B.C., Canada, during the
period July 1983 to May 1986. Control and treatment study
areas were located in old field grassland habitat composed
mainly of crested wheatgrass (Agropyron cristatum), blue-
grass (Poa spp.), quackgrass (A. repens), and smooth brome
(Bromus inermis) and were separated by 3km. Eacharea was
approximately 5 ha of grassland with some sagebrush (Ar-

femisia spp.), serviceberry (Amelanchier alnifolia), snow-
berry (Symphoricarpos albus), and knapweed (Ceniaurea
spp.) in surrounding arcas. The climate is semi-arid and so
the study areas were irrigated at 3-week intervals during
summer months to maintain a suitable habitat for voles. Deer
mice (Peromyscus maniculatus) also occupied this habitat in
substantial abundance. Yellow pine chipmunks (Eutamias
amoenys) and Great Basin pocket mice (Perognathus parvus)

also were present but in minor abundance and were captured
infrequently.

Yole populations

Voles were sampled on 1-ha checkerboard grids (7 x 7)
with two Longworth live-traps at each station. Separale
control and treatment grids were sampled in the first two
experiments and one control and two treaiment grids were
monitored in a third experiment.

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 voles captured weze ear-tagged with
serially numbered tags, breeding condition noted, weighed
on Pesola spring balances, and point of capture recorded.
These populations were monitored at 3-week intervals in
spring, summer, and fall, and at 4-week or irregular {depend-
ing on weather conditions) intervals in winter,

Populations were enumerated by minimum number
known to be alive (MNA) at each trapping period (Krebs
1966). This technique counts all animals actually captured
and those not captured but known to be alive due to subse-
quent capture. MNA provides sufficiently accurate enu-
meration of a population when trappability (susceptibility to
capture) is 70% or higher (Hilborn et al. 1976), and this level
was achieved in this study. Minimum survival rates were
calculated per 21-day periods, and reflect disappearance of
voles from the trappable population. Thus, both mortality
and emigration were included in these survival estimates.

Pr r odor compoun :

Anal-gland compounds from the stoat or short-tailed
weasel (M. erminea), 2-propylthietane and 3-propyl-1,2-
dithiolane, were prepared according to Crump (1978, 1980,
1982). These two compounds were mixed in a 1:1 ratio for
all 3 experiments. The principal active component from fox
feces, 2,5-dihydro-2 4,5-trimethylthiazoline, was prepared
as described in Sullivan et al. (1988a). Purity of synthesized
compounds ranged from 95% to 98%. The 2,5-dihydro-
2,4,5-trimethylthiazoline and stoat mixture were each dis-
pensed in 140-ul capillary tubes (75 mm in length). The
capillary tubes protecied the compounds from adverse
weather conditions, controlled the release of the odors, and
maintained the respective odoraround the base of apple trees.
One capillary tube was attached toeach tree by a plastic twist-
tie. Approximately 30 mg of the 2,5-dihydro-2,4,S-trimeth-
ylthiazoline (neat) or stoat mixwre was placed in a given
capillary tube using a 1-ml microsyringe with 20-gauge
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needle. Empty capillary tubes were attached to trees in the
control area o complete the design of a given experiment.

Table 1 oullines the design of the three experiments,
One-year-old crabapple (Malus spp.) trees were sysiemali-
cally planted on conmral and ireatment sampling grids priorto
each experiment. These rees provided: (1) placement of the
predator odor compounds $o as Lo permeale throughout the
reatment study area, and (2) an assessmenlt of overwinter
feceding damage by voles.

Table 1. Design of experiments A, B, and C (esting the
influence of predator cdor compounds on vale population
density and survival. Sample size (n) in parentheses is
number af capillary tubes aitached to apple reeson trealment
grids. 2-PT (2-propylihietane); 3-PDIT (3-propyl-1,2-dithio-
lane); TTH {2.5-dihydro-2 4,5-trimethylthiazaling).

Predator odor compounds

Experiment Period  Treatmeni-1 (n) Treatment-2 {n)

A 11/11/83 2-PT+3-PDIT (4B) -

4]
3/2/84
B 10/26/84 2-PT+3-PDIT (48) -
(0] +
3/30/85 TTH (48)
C  10/27/85 2-PT+3-PDIT (42) 2-PT+3-PDIT (48)
to + +
3/31/86 TTH (42) TTH (48)
RESULTS
Experiment A

The responses of vole populalions to predator odors in
terms of changes in density and survival are illustrated in Fig,
2. Comparable numbers of voles occurred on the control and
reatment grids during a period of population increase prior
tothe start of experiment A. However, after placementof the
predator odor in the field in October 1983, the treatment
population declined by 30%, increased, and then declined to
43 voles/ha belore increasing again in the early spring of
1984. The coptrol papuolation did not behave in this manner,
but reached a peak of 117 voles/ha, declined 1a B3 voles/ha,
and then increased in the summer and fall of 1984, Survival
of voles was significantly lower in the treatment than control
population during this period. The two pericds of increase
after sharp declines in the Lreaiment population were due 10
recruitment of new voles, which presumably reflected resil-
iency o depopulation as discussed by Sullivan (1986). This
lauter response was not surprising since the vole poputations
were al or near peak densily during 1983 and 1984, After
removal of the predator odor in March, both papulations
retumed 1o comparable levels by lawe September 1984,

Experim

Again, after placemen| of predator odars in the ficld in
experiment B, the reaiment population declined from 89 to
41 voles/ha{Fig. 2). The cantrol population also declined but
at a much slower rate. At the completion of this experiment
in March 1985, the ireatment population had 27 voles/ha and
the control 62 voles/ha. Vole survival was significanily lower
in the weatment (0.38) than control (0.74). The treatment
population increased dramalically in May, which again may
have been a result of surplus voles colonizing available
habitai. This increase was short-lived with a subsequent
declinc and yel another increase; an oscillation which was
also recorded in the spring and summer of 1984,

Experiment C

As indicated in Table 1, predator odors were placed on
two treatment grids inexperiment C, These three populations
tended Lo be at comparable levelsin October 1985, at Lhe start
of the experiment, and continued this similarity into Decem-
ber (Fig. 2) . Both treaiment populations then declined while
the control increased during February and March 1986. Low
densities of 14 0 19 voles/ha were recorded for the reaiment
populations, whereas the control was at > 50 voles/ha. Again,
voles survived significantly betler in the control (0.86) than
in either rearment populaton (.74 and 0.57).

Feeding damage 10 trees

In experiment A, the proportion of apple Lrees attacked
by voles on the control grid was 93.8% with 83.3% girdled
(Fig. 3). These resulls were sigaificantly higher than on the
treatment where 34 8% of trees were atlacked and 19.6%
girdled (sec Sullivan etal. 1988a). Asimilarpattern occurred
in experiment B where 62.5% of trees were auacked and
25.0% girdled on the control grid, compared with nodamage
recorded to trees on the treatment (Fig. 3). There were
presumably not enough voles to attack rees on either conlrol
or reaiment grids during Lthe 1985-86 overwinter penod of
experiment C,

DISCUSSION

Clearly, populations of the montanc vole declined sig-
nificantly in three conseculive winlers on areas reated with
synthetic predator odors. These declines were relaied 1o paor
survival of voles. Since survival reflecls disappearance
{monality and dispersal) from the rappable population,
voles may have emigrated from the treatment area 1o avoid
the predator odors and polential increase in numbers of
predators (e.g., stoats, foxes, coyotes). Volesmay also have
died {rom behavioral or physiological stress induced by the
odors, or succumbed toaninflux of predators. Measorements
of relative levels of predators on control and treatment arcas
in these experiments would cenainly have been a valuable
addition o the study.

Sampling grids located in adjacent territory 1o the 5-ha
reatmentl study arca did not have an influx of marked voles
which may have dispersed away from the predator odors.
This observation, and the poor survival of voles and signifi-
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PREDATOR ODORS and VOLE POPULATIONS
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Fig. 2. Populalion density and survival
af monurie voles on control and trea-
ment areas during 1983 1o 1986, Three
experiments {A,B, and C) placing syn-
thetic predator odors in the field wers
corducted during 1he overwinler peri-
ods. Survival estimates were made dur-
ing expenments (TMT-treatment;
CON-conwrol), Sample size above each
hiswgram, **p<l0f; *p<.05; signifi-
cant difference by chi-square.
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PREDATOR ODORS and FEEDING DAMAGE TO TREES

EXPERIMENT A (1882-84)
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Fig. 3. Percemage of trees atlacked and girdled by vole feeding activity
during overvintzs periods. **p<.01; significant difference by chi-square.
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cant prolection of rees on the ireatment area, strongly
suggest thai the predator odors did cause considerable mos-
Lality in the vole populations.

It has genecrally been concluded that predawars de ant
cause the decline in cyclic populations of microtine rodents,
but they are capable of maintaining rodent populations at low
densities for some time thereafier (se¢ reviews by Erlinge
19735, Suilivan and Sullivan 1980). In panicular, Eriinge
(1975) has reviewed the reasons for the [ailure of predators
to prevent cutbreaks of rodents and how this relates to the use
of predators in biological control programs. Forexample, the
introduction of a natural predator such as the staal might be
a strategy to artificially reduce vole density. In this regand,
introduction of weaseis for conuol of voles in coniferous
forest was not successful (Sullivan and Sullivan 1980), The
principle of introducing weasels and related predators to a
given area for reducing vole populations has two sericus
drawbacks: (1) the dispersal of predators away from the targel
population; and (2} the inability 10 keep an area devoid of
voles during peak periods.

The resulis of our study and those of Whilten et al.
{1980), Clapperton e1 al. {1988), and Clapperion and Minot
{1988) suggest that synthetic predator odors could be used lo
attract and perhaps maintain predators in a given area. This
technique could be implemented during overwinter damage
periods as was done in cur study. Altemalively, predator
odors could be used ona year-round basis 10 prevent vole
pepulation buildups since predators appear capable of main-
laining vales at low densities. Fulure experiments should
assess the influence of long-term use of predator odors on
vole and perhaps other rodent pest populations.
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Assummarized in Fig. 4, predator odors may beattached
directly to crop trees or broadcast over a general area where
vole populations are a pest problem. The combination of an
avoidance response (Sullivan et al. 1988a) and depressed
population density and survival should result in a significant
degree of crop protection. Approximate costs of this tech-
nique may range from $100-$200 per ha depending on
number of point sources of predator odor required.

SUMMARY
ATTACH GENERATE AN
10 —| avoiDANCE
CROP TREES AESPONSE \
SYNTHETIC CROF
PREDATOR PROTECTION
ODORS
DISTRIBUTE DEPRESS POPULATION /
OVER GENERAL |- DEMSITY AND
AREA SURVIVAL

™

PHYSIOLOGIGAL/BEHAVIOURAL
STRESS

ATTRACT
PREDATORS

Fig. 4. Summary of the use of synthctic predator odors 10 disrupt vole
populations and protect crop trees from feeding damage.
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