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INSECTICIDE EFFECTS ON SMALL MAMMALS: INFLUENCE OF

VEGETATION STRUCTURE AND DIET

EriC M. SCHAUBER,' W. DANIEL EDGE, AND JERRY O. WOLFF

Department of Fisheries and Wildlife, Oregon State University, Corvallis, Oregon 97331 USA

Abstract. We tested whether differences in the diets of nontarget organisms or in
vegetation structure could result in adverse ecological effects not predicted by the Quotient
Method, a laboratory-based risk assessment methodology used by the Environmental Pro-
tection Agency to evaluate pesticides for registration and use. We established populations
of herbivorous gray-tailed voles (Microtus canicaudus) and omnivorous deer mice (Pero-
myscus maniculatus) in 24 0.2-ha enclosures planted with alfalfa (Medicago sativa) and
monitored the populations by live trapping. Alfalfa in twelve enclosures was mowed on
22 June to reduce vegetation height, and 3 wk later, we applied azinphos-methyl at 0, 0.88,
and 3.61 kg/ha. We compared predictions of risk with observed effects on the small mam-
mals. Treatment with azinphos-methyl at 3.61 kg/ha reduced population density and growth,
survival, recruitment, and body growth of voles in both mowed and unmowed enclosures.
Survival of female voles exposed to 3.61 kg/ha was lower in mowed than in unmowed
enclosures, and the 0.88 kg/ha treatment affected body growth of male voles only in mowed
enclosures. Vole densities in 3.61 kg/ha enclosures remained depressed for =6 wk after
spraying. Azinphos-methyl did not detectably affect reproductive activity of female voles.
Precipitation after spraying may have increased exposure of the mammals to azinphos-
methyl, resulting in greater effects on voles than reported in a previous, similar experiment.
Deer mouse densities in mowed enclosures receiving 3.61 kg/ha decreased 47% within
5 d after spraying. No other adverse insecticide effects on deer mice were significant, but
confidence intervals for such effects were wide. Analysis of deer mouse feces indicated
that consumption of arthropods just after spraying was greater in insecticide-treated en-
closures than in controls. In general, the Quotient Method adequately predicted effects on
the small mammals, but its performance may be affected by vegetation structure and pre-

cipitation.
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INTRODUCTION

Both intrinsic and extrinsic factors may cause vari-
ation among organisms in their susceptibility to pes-
ticides. Such variation may hinder assessment of the
ecological risks these chemicals pose. Before the U.S.
Environmental Protection Agency (EPA) registers a
pesticide for use, it is required under the Federal In-
secticide, Fungicide, and Rodenticide Act of 1970 to
evaluate the likelihood that applying the pesticide will
cause unreasonable ecological damage. The EPA uses
a Quotient Method to conduct ecological risk assess-
ments (Urban and Cook 1986). The quotient of risk
(Q) for a particular chemical and species of test or-
ganism is calculated by dividing the estimated exposure
by the estimated hazard. For the Quotient Method, ex-
posure is generally measured by the expected environ-
mental concentration (EEC), which, for terrestrial an-
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imals, represents the estimated concentration in or on
primary foods. To calculate EEC, the EPA uses a nom-
ogram derived from a database of residues measured
on crops (Urban and Cook 1986, based on Hoerger and
Kenaga 1972). Hazard in the Quotient Method denotes
the chemical’s potential to cause adverse effects. Haz-
ard is usually estimated by acute toxicity values, such
as median lethal dose (LDs,) or concentration (LCj,),
for standard laboratory animals. A risk quotient >0.5
means that expected exposure exceeds one-half the es-
timated hazard and is interpreted to indicate risk that
merits a high level of regulatory concern, restricted
use, and possible regulatory action. Quotients <0.2
indicate comparatively low risk that does not merit
regulatory concern (National Research Council 1983).

The Quotient Method allows a rapid, semiquantita-
tive estimation of the potential risks of applying a par-
ticular chemical. However, assumptions underlying the
Quotient Method have been challenged after chemicals
approved for registration based on quotient values in-
dicating ““low risk”” were implicated in causing wildlife
die-offs (Grue et al. 1983, Blus et al. 1989). Estimation
of EEC incorporates the assumption that pesticide res-
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idue concentrations increase proportionately with ap-
plication rate (i.e., doubling the application rate should
double residue concentrations). Also, residue concen-
trations are assumed to be unaffected by vegetation
structure. However, vegetation structure may influence
exposure of animals at ground level. Bennett et al.
(1994) found that pesticides can be intercepted by
dense vegetation, resulting in higher residue concen-
trations on the tops than on the bottoms of plants. Es-
timation of hazard by LDy, or LCj, tests on laboratory
animals requires the assumption that animals will not
select or avoid contaminated foods and that indirect
effects are negligible. These assumptions are largely
untested. Acute toxicity of insecticides differs among
test species (Cholakis et al. 1981, Fleming and Grue
1981) but diet may affect susceptibility independent of
toxicity. Insectivores may feed heavily on intoxicated
arthropods after application of insecticide (Stehn et al.
1976), thereby ingesting higher mean concentrations
than would be expected on the basis of availability.
Therefore, exposure of insectivores to insecticides may
exceed that of herbivores (Morris 1970, Robel et al.
1972). Insecticides may also affect insectivores indi-
rectly by reducing the abundance of arthropod prey
(Barrett and Darnell 1967). Such differential effects
related to diet may alter the structure of ecological
communities (Barrett and Darnell 1967, Morris 1970).
Our objective was to determine if differences in veg-
etation structure or species-specific differences in diet
alter the responses of gray-tailed voles (Microtus can-
icaudus, hereafter referred to as voles) and deer mice
(Peromyscus maniculatus) to a field application of the
organophosphorus insecticide azinphos-methyl (phos-
phorodithioic acid; O, O-dimethyl S-[(4-0x0-1,2,3-ben-
zotriazine-3(4H)-yl)methyl]ester; trade name Guthion
2S; Mobay Corporation, Agricultural Chemical Divi-
sion, Kansas City, Missouri, USA). Small mammals
are appropriate test animals because they are ubiqui-
tous, common in agricultural areas, and vulnerable to
contaminant exposure across soil, air, water, and veg-
etation media (Talmage and Walton 1991). Voles and
deer mice are abundant in agricultural fields in the Wil-
lamette Valley, Oregon. Voles are primarily herbivo-
rous (Verts and Carraway 1987, W. D. Edge et al.,
unpublished data), whereas deer mice feed on seeds,
fruits, arthropods, and fungi (Wolff et al. 1985). Diets
of deer mice may consist almost entirely of arthropods
when arthropods are abundant (Jameson 1952). We
used azinphos-methyl for this experiment because it
has been implicated in wildlife kills (Grue et al. 1983,
Durda et al. 1989) and because the Quotient Method
classified it as posing low risk to mammals. Azinphos-
methyl is more toxic to voles (LCy, = 297 pg/g, LDs,
= 32 mg/kg) than to deer mice (LCs, = 1200 pg/g,
LD,, = 48 mg/kg; Meyers and Wolff 1994).
Azinphos-methyl was applied at 0.88 and 3.61 kg/ha,
and water was applied as a control. Based on the Quo-
tient Method, azinphos-methyl applied at 3.61 kg/ha is
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predicted to pose relatively high risk to gray-tailed
voles (Q = 0.63) but low risk to deer mice (Q = 0.16).
The 0.88 kg/ha rate is predicted to pose low risk to
both species (Q = 0.15).

We hypothesized that (1) azinphos-methyl would ad-
versely affect population density and growth, survival,
reproductive activity, recruitment, and body growth of
small mammals, and that these effects would increase
in magnitude with application rate; (2) azinphos-meth-
yl would have greater effects in enclosures in which
vegetation height had been reduced by mowing, due to
greater permeability of the vegetation to the pesticide
spray, and (3) insectivorous deer mice would be ad-
versely affected at lower application rates than pre-
dicted by the Quotient Method, due to selective con-
sumption of intoxicated arthropods or reduction in food

supply.
METHODS

Experimental design

We used a replicated, 3 X 2 factorial design to com-
pare responses of small mammals to application of 0.88
and 3.61 kg/ha azinphos-methyl, plus a control appli-
cation of water, in mowed and unmowed field enclo-
sures; 0.84 kg/ha is the maximum legal application rate
for azinphos-methyl for alfalfa. Four replicate enclo-
sures were randomly assigned to each combination of
mowing and azinphos-methyl treatments.

Study area and enclosures

We conducted our experiment at Oregon State Univ-
ersity’s Hyslop Crop Science Field Laboratory, =10
km north of Corvallis, Oregon. The site was surrounded
by agricultural fields of various crops and had an el-
evation of =70 m, level topography, and well-drained,
silty-clay loam soil. During this study, the experimental
site received 33.9 cm of rain, 25.7 cm of which fell
during April and May.

We used 24 0.2-ha (45 X 45 m) enclosures con-
structed of galvanized sheet metal extending = 1 m
above ground and 0.6—1 m below. Corners and vertical
supports were blocked with sheet-metal baffles to pre-
vent the escape of climbing rodents. Alfalfa (Medicago
sativa) was planted in each enclosure in spring 1991.
A variety of annual and perennial weeds were a minor
component (<5% cover), although their prevalence
varied among enclosures. The herbicides paraquat and
Sencor were applied to all enclosures in March 1993
to kill annual weeds. A 1-m strip along the inside of
each fence was mowed frequently to minimize small
mammal activity near the fence and to prevent contact
with high concentrations of insecticide dripping down
the fence after application. Alfalfa in all 24 enclosures
was mowed to a height of =8 cm on 4 and 5 May 1993
(Table 1).
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TaBLE 1. Chronology of treatments, trap periods, and other methodological events.

Month Date Event
March Herbicides applied to all enclosures
April 6-8 Voles distributed among enclosures
May 4-5 All enclosures mowed
8-14 Deer mice introduced to enclosures
18 Trapping begins
June 1-4 Trap period 1, deer mice apparently extinct in enclosure 6
Voles moved among enclosures to even out populations
12-13 Five pairs of deer mice added to enclosure 6
14-17 Trap period 2
Voles moved among enclosures to even out populations
22 Twelve enclosures mowed
27-30 Trap period 3
Voles moved among enclosures to even out populations
30-3 July Supplemental voles added to mowed enclosures
July 9-12 Trap period 4, pitfall traps usable
14 Insecticide applied
16-19 Trap period 5
29-1 August Trap period 6
August 10-13 Trap period 7
24-27 Trap period 8

Study animals

Populations of voles were established in the enclo-
sures in April 1992 for a prior study, during which each
of 20 enclosures received a single application of azin-
phos-methyl (Edge et al. 1996). Voles were trapped on
6-8 April 1993 (Table 1) and redistributed among the
enclosures to even out populations at =10 heterosexual
pairs per enclosure and to alleviate inbreeding. Because
azinphos-methyl degraded rapidly in 1992 (Bennett et
al. 1994) and because at least two generations of voles
were born between the 1992 and 1993 insecticide ap-
plications (E. M. Schauber and W. D. Edge, unpub-
lished data), long-term effects of the previous exper-
iment were negligible. Each untagged vole was marked
with a numbered aluminum ear tag before release. We
released five pairs of wild-caught deer mice into each
enclosure on 8—14 May 1993 (Table 1). Deer mice were
tagged when first captured in the enclosures. We pro-
vided each enclosure with five nest boxes, constructed
from hollow concrete construction blocks (after King
1983), to minimize the potential for competitive ex-
clusion of deer mice. Each nest box had two chambers
with cotton batting as nest material and two entrance/
exit holes that were too small for most adult voles.

Trapping

Each enclosure had 75 Sherman traps and 25 pitfall
traps in a 10 X 10 array with 5 m between stations.
Pitfall traps, 45 cm deep and 15 cm in diameter, were
placed at all odd-number trap stations (e.g., 3-3, 5-7)
and 8 X 9 X 23 ¢cm Sherman live traps (model LFATG,
H. B. Sherman Traps, Incorporated, Tallahassee, Flor-
ida) were placed at the remaining stations. Accumu-
lated rainwater prevented the use of most pitfall traps
until early July. However, even when pitfall traps were

usable, they contributed a small portion of total cap-
tures (<7% for voles, <1% for deer mice). We trapped
small mammals for four consecutive nights (four trap
nights was one trap period) at 2-wk intervals from 18
May to 27 August 1993. We report results from trap
periods after 1 June (trap periods 1-8). Only 1 wk
separated the trap periods (4 and 5) before and after
we applied azinphos-methyl (Table 1). Traps were set
and baited with oats in the evening, then examined and
closed the following morning.

Ear tag number, species, sex, reproductive condition,
body mass, and trap station were recorded for each
animal captured. We released each animal at its site of
capture. We assumed that all newly tagged animals had
been born in the enclosures and defined them as re-
cruits. Thirty-seven percent of newly tagged voles were
juveniles (=18 g body mass), and only 18% were =30
g body mass, indicating that our label of recruits prob-
ably was appropriate. Body mass was measured to the
nearest 1 g with Pesola spring scales. Scales were ze-
roed and calibrated with a 20-g weight on the day be-
fore each trap period. We weighed each animal at first
capture in each trap period. Animals captured on the
first night of a trap period were reweighed if recaptured
on the fourth night, providing us with a measure of
changes in mass over 3 d. We defined voles with body
mass =30 g and deer mice =18 g as adults. We con-
sidered females to be in reproductive condition if they
were lactating or pregnant or, for voles, if they had
widely open pubic symphyses. Pregnancy in small
mammals is not obvious until approximately one week
before parturition. Therefore, we considered lactating
females and those with widely parted pubic symphyses
to have been pregnant during the previous trap period
if the animals were not lactating during the previous
trap period.



