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HAZARDS TO GOLDEN-MANTLED GROUND SQUIRRELS AND ASSOCIATED
SECONDARY HAZARD POTENTIAL FROM STRYCHNINE FOR FOREST
POCKET GOPHERS

R. MICHAEL ANTHONY, GERALD D. LINDSEY, and JAMES EVANS, U.S. Fish and Wildlife Service, Denver
wildlife Research Center, Denver. Colorado 80225

ABSTRACT: Radio telemetry and capture-recapture techniques were used to evaluate the hazards to
golden-mantled ground squirrels (Spermophilus lateralis) from hand baiting with 0.5%7 strychnine-treated
oats for western pocket gophers {Thomomys mazama) on conifer plantations in eastern Oregen. Toxicology
data were collected on field-killed and caged ground squirrels and on caged mink (Mustela visen), great
horned owls (Bubo virginianus), and red-tailed hawks (Butec jamaicensis). Ground squirrel populations
were reduced 50% to 75% following underground baiting for pocket gophers. Maximum amount of strychnine
alkaloid found in cheek pouches and carcass of a field-killed golden-mantled ground squirrel was 2.88
Mean amount of strychnine in carcasses was 0.35 mg; almost all occurred in the gut. The estimated
LD 0 for mink was 0.6 mg/kg. The lowest lethal dose far great horned owls and red-tailed hawks was
7.? mg/kg and 10.2 mg/kg, respectively. The LD., for owls and hawks was not determined. Long-term
effects on golden-mantled ground squirrel popu]ggions and secondary hazard potential to owls and hawks
were judged to be minimal. Wild mustelids as large as mink could be adversely affected by consuming
the gut content of strychnine-killed golden-mantled ground squirrels.

INTRODUCTION

Underground baiting with strychnine alkaloid oat bait is commonly used to control pocket gophers
(Thomomys spp.) in western forests {Crouch 1969, Barnes 1973, Northwest Pocket Gopher Committee 1976).
Control effectiveness has been demonstrated {Barnes et al. 1970, Barnes 1974, 8irch 1978, Crouch and
Frank 1979}; however, little has been done to evaluate hazards in forest environments. Lack of hazard
data concerns the U.S. Forest Service (Barnes et al. 1982). This concern led to interagency studies of
potential hazards of gopher baiting to grizzly bears {Ursus arctos horribilis) and small mammals in
eastern Idaho (Barnes et al. 1980, Fagerstone et al. 1380] and to this study on golden-mantled ground
squirrels (Spermophilus Jateralis) in eastern Oregon. The study consisted of the following: strychnine
TOXICOLOGICAL DETERMINATIONS on golden-mantled ground squirrels, western pocket gophers (7. mazama),
and caged mink {Mustela vison); FIELD EVALUATIONS on hazards from baiting gophers; and, determination
of SECONDARY HAZARDS to caged mink, red-tailed hawks (Buteo jamaicensis), and great horned owls {Bubo
virginiatnus). The study was from June 1982 through December 1983. Field work was done on the
gs?chuges National Forest in Oregon; laboratory work was carried out in Olympia, Washington and Denver,

orado.

TOXICOLOGICAL DETERMINATIONS
LD50 Tests

Methods., The LD 0 of strychnine to golden-mantied ground squirrels and domestic mink was
determined by a methoddescribed by Thompson (1947) and Thompson and Weil (1952). Only female mink
were available for testing. Test animals received pure strychnine alkaloid suspended in propylene
glycel and controls received only propylene glycol administered by gavage. Each animal was conditioned
to a holding cage for at least five days prior to testing and was observed for seven days after testing.
All animals were fasted for four hours before and two hours after treatment; food and water were avail-

able at other times.

Results, The estimated LD., from the dose ranging procedure used for the mixed sample of male and
female golden-mantled ground qu?rrels was 3.6 mg/kg {Cloc. 2.4 - 5.4 mg/kg). The estimated LBg, for
the female mink used in the study was 0.6 mg/kgm? ?ﬁence limits established).

Bait Bioassays

Methods. Bait acceptance by five golden-mantled ground squirrels and five western pocket gophers
was measured for three days according to a method described by Lindsey (1977}. Test animals were
offered 20 g of 0.5% strychnine-treated oats daily. Control groups were given untreated ocats under the
same testing regime. Animals were fasted for four hours before testing. Supplemental food was given
after the first day of testing.

no conf

Results. Four of five goVden-mantled ground squirrels and four of five western pocket gophers
died folTowing consumption of bait. A!l deaths occurred within 4-1/2 hours after bait presentation.
Mean amount of bait consumed by ground squirrels and pocket gophers that died was 1.03 g and 1.02 g,
respectively. Mean amount of strychnine alkaloid consumed by each species was 5.1 mg. The one surviv-
ing ground squirrel consumed almost 29 mg of strychnine in four consecutive days {about 44 mg/kg per
day for four days) and the one surviving pocket gopher consumed over 125 mg (about 272 mg/kg per day)
for four consecutive days with no i1l effects. These high intakes strongly indicate resistance to

strychnine.
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Population Recovery - 1983

Methods. In 1983, three widely separated pine plantations baited with strychnine for pocket
gophers in 1982 were selected as treatment areas (B1, B2, and B3) to determine recovery of golden-
mantled ground squirrel poputations. Three other plantations with similar habitat characteristics but
nohrecenﬁ history of baiting were selected as control areas (C1, C2, and C3}. Plantations were about
B ha each.

We trapped ground squirrels during three 5-day periods in early June, mid-July, and late August.
In each study area we used 50 uniformly distributed live traps. Traps (13- x 13- x 41-cm and 15- x
15- x 48-cm) were covered with milk cartons for protection, left open, and baited with peanuts for a
3-day "familiarization" period before each trapping period. Trapping was then conducted for five
consecutive days between about 7 A.M. and 3 P.M. Peanuts were used as bait.

Trap doors were equipped with flags that indicated trap closure to facilitate tending of traps.
Traps containing ground squirrels for the first time on a particular day were closed for the remainder
of the day. Traps that contained other small mammals or ground squirrels previously caught during that
day were reset. Captured ground squirrels were sexed, aged (adult or young-of-the-year), weighed,
marked with twe No. 1 ear tags and released.

Trapping data were analyzed with the computer program CAPTURE (White et al. 1978) which estimates
populations using a model based on trapping results (Otis et al. 1978). Population estimates among
trapping periods were compared using one-way analysis of variance (ANOVA) and two factor repeated
measures ANOVA as in Winer (1971).

Results. Golden-mantled ground squirrel population levels on plots baited for pocket gophers the
previous year appeared to be considerably lower than levels on unbaited plots despite excellent recruit-
ment of young-of-the-year (Table 1). However, there were no significant differences between population
means in July and August. This was due to variations between plots within treatments. One-way ANOVA
verified the two factor repeated measures ANOVA used to analyze results.

Table 1. Estimated golden-mantled ground squirrel populations and standard errvors in June, July, and
August 1983 on plots baited for pocket gophers in 1982 {B1-B3) and on unbaited plots (C1-C3) as
generated by program CAPTURE (White et al. 1978). Means with the same letter within treatment groups
are not significantly different (P <0.05). Numbers in parentheses represent percent young-of-the-year
captured.

Plots June July August

BY 40" (0) 82411 (0) 9545 (65)
*

B2 20" (0) 35+ 1 (6) 3743 (100)
*

83 12" (0) 174 1 (0) 2541 (96)

Means 24 {0)A 45  (2)A 52 (87)A

0 5945 (0) 7244 {0) 10447 (60)

2 584 (0) 7945 (31) 6244 (84)

¢3 6614 (0) 877 {15) 7548 (89)

Means 61 (0)A 75  (15)B 80 {78)AB

*
Total number of animals captured. Program CAPTURE could not be used in June treatments because of
insufficient numbers of captured animals.

Effects of Rebaiting - 1983

Methods. To determine repeated effect of gopher baiting on golden-mantled ground squirrels and
for supplemental information on onset of ground squirrel hibernation, radio-tracking transmitters were
attached to 10 or more golden-mantled ground squirrels on all six 1983 study units. Sites B2 and B3
were operationally baited October 14, 1983. Plot Bl was not contracted for retreatment by the U.S.
Forest Service; therefore, tracking was used only to establish onset of hiberation. Radio tracking
began September 13, 1983 and ended October 21, 1983. Recoverable transmitters were removed at study
completion. Estimates of baiting densities were made as in 1982.

Results. Considerably less bait was applied in 1983 than in 1982. In 1983, about 0.4 kg/ha of
batt was applied to Plot B2 (4.7 g/set with 93 sets/ha); and about 0.2 kg/ha of bait was applied on
Plot B3 (4.7 g/set with 467 sets/ha). (In 1982, Plots B1 and B2 received 3.5 kg/ha and 0.8 kg/ha,
respective]y.g The lower rate in 1983 was because of lower populations of pocket gophers as a result
of baiting in 1982.
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Table 2. Effect of select levels of strychnine alkaloid on domestic mink.

Strychnine intake No. deaths/
Mg X mg/kg no. tested Remarks
------- Acute - - - - - - -

] 0 0/5 No effect.

0.5 0.42 G/5 No reaction to strychnine.

1.0 0.96 2/5 Two surviving mink showed no reaction; third
mink exhibited exaggerated responses to sound
and light for 6 hours.

3.0 2.33 5/5 Died within 6 hours.

------- Chronic - - - - - - -
* *
1.0 0.84 1/5 Three surviving mink showed no reaction;

fourth mink exhibited exaggerated responses
to sound and 1ight for 4-6 hours following
each daily dose.

*
Bean daily intake for 5 consecutive days.

Results. Of five owls tested on one whole strychnine-killed ground squirrel, one rejected the GI
tract and another regurgitated an undigested stomach and liver. Of five owls presented ground squirrel
stomachs sewn into eviscerated deer mice, one regurgitated all three undigested mice and another reject-
ed part of a mouse and the stomach of a poisoned ground squirrel. 1In the 16-day chronic feeding test,
treatment owls consumed carcasses but avoided the GI tract of poisoned ground squirrels in 48% of the
feedings. Controls did not regurgitate untreated mice or ground squirrels and only occasionally (less
than 5%) rejected GI tracts. Chemical analysis showed that poisoned ground squirrels contained a mean
of 0.41 mg {range 0.08 to 0.93 mg) of strychnine alkaloid; almost all {99%) of the strychnine occurred
in the gut of poisoned squirrels.

Sensitivity to Strychnine - Hawks and Owls

Methods. Hawks and owls were conditioned before testing and maintained in the same manner as owls
used {n tests with poisoned ground squirrels. Birds were held in individual cages and tested in groups
of two at levels of 3, 6, 9, 12, and 15 mg of strychnine; these levels equalled 1, 2, 3, 4, and 5 times
the 3-mg maximum level found in field-killed golden-mantled ground squirrels during 1982. To insure
ingestion of these exorbitant dose levels, the appropriate amount of strychnine was injected into the
body of a dead deer mouse and, along with an untreated mouse, immediately force-fed to a test bird.
Control birds each received two mice without strychnine. Following force feeding, all birds received
normal food rations.

Results. Table 3 summarizes the effects of dose levels of 3, 6, 9, 12, and 15 mg of strychnine
given to hawks and owls; the 12-mg dose appeared to be close to the telerance 1imit for both species.
The owls reacted (recurring convulsions, seizures, inability to remain on limb perches) to 3 mg of
strychnine--about 2 mg/kg--the lowest level of strychnine administered in the test. Toxic symptoms
occurred in hawks beginning at the 6-mg level (about 4.5 mg/kg). Death of owls occurred at 7.7 mg/kg
level, hawks at 10.2 mg/kg.

Owls that promptly regurgitated treated mice were not as severely affected as those that failed to
regurgitate or took twe to three hours to regurgitate. Emesis probably saved the lives of owls
receiving 6, 9, and 12 mg of strychnine. None of the hawks regurgitated.

DISCUSSION AND CONCLUSIONS

Qur study showed an immediate but not long-term adverse effect on golden-mantled ground squirrel
populations from underground baiting with strychnine-treated oats used to control pocket gophers in a
forest environment. Our data suggest that baiting as late as possible in the year might reduce inad-
vertent poisoning of golden-mantled ground squirrels because of their greatest weight gain near
hibernation (McKeever 1964) and because of hibernation itself.

Secondary poisoning of mustelids--particularly mink, marten {(Martes americanus), and fisher (M.
penanti)--seems possible if the stomach contents of a strychnine-killed ground squirrel is consumed.
Potential of acute poisoning of raptors consuming golden-mantled ground squirrels killed with 0.5%
strychnine pat bait for gophers appears minimal.
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