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Abstract

During summer, a grizzly bear (Ursus arctos horribilis) in the Greater Yellowstone Ecosystem (GYE) (USA) can excavate and con-
sume millions of army cutworm moths (Euxoa auxiliaris) (ACMs) that aggregate in high elevation talus. Grizzly bears in the GYE were
listed as threatened by the US Fish and Wildlife Service in 1975 and were proposed for delisting in 2005. However, questions remain
about key bear foods. For example, ACMs are agricultural pests and concern exists about whether they contain pesticides that could
be toxic to bears. Consequently, we investigated whether ACMs contain and transport pesticides to bear foraging sites and, if so, whether
these levels could be toxic to bears. In 1999 we collected and analyzed ACMs from six bear foraging sites. ACMs were screened for 32
pesticides with gas chromatography with electron capture detection (GC–ECD). Because gas chromatography with tandem mass spec-
trometry (GC–MS/MS) can be more sensitive than GC–ECD for certain pesticides, we revisited one site in 2001 and analyzed these
ACMs with GC–MS/MS. ACMs contained trace or undetectable levels of pesticides in 1999 and 2001, respectively. Based on chemical
levels in ACMs and numbers of ACMs a bear can consume, we calculated the potential of chemicals to reach physiological toxicity.
These calculations indicate bears do not consume physiologically toxic levels of pesticides and allay concerns they are at risk from pes-
ticides transported by ACMs. If chemical control of ACMs changes in the future, screening new ACM samples taken from bear foraging
sites may be warranted.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Grizzly bears (Ursus arctos horribilis) in the lower 48
states of the USA were listed as threatened by the US Fish
and Wildlife Service in 1975 (USFWS, 2003), and they were
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proposed for delisting in November of 2005. A conserva-
tion strategy was developed to facilitate delisting, mean-
while questions remain about some key bear foods
(USFWS, 2003). For example, there is concern army cut-
worm moths (Euxoa auxiliaris) (ACMs) may contain pesti-
cides that could bioaccumulate in bears (French et al.,
1994).

ACMs are migratory noctuids native to North America.
During their one-year lifespan they play important
ecological roles in low elevations in the Great Plains and
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intermountain west as agricultural pests (Pruess, 1967) and
in high elevations in the Rocky Mountains as an important
food for grizzly bears (Mattson et al., 1991; French et al.,
1994; White et al., 1998a,b). ACMs range from Kansas
to California and from central Canada to Arizona and
New Mexico (Burton et al., 1980). Their geographic distri-
bution falls within historic grizzly bear range, encompass-
ing the current range of remaining bear populations
(Burton et al., 1980; Servheen, 1990).

ACMs oviposit in soil at low elevations, and larvae
over-winter underground. Larvae surface in spring to feed
on emergent crops and native plants, then burrow under-
ground to pupate (Burton et al., 1980). Farmers control
larval outbreaks with various pesticides (Table 1).

Adult moths emerge in late June and migrate hundreds
of kilometers to alpine areas in the Rocky Mountains. Here
they over-summer, feeding on flower nectar at night, form-
ing large aggregations in talus during the day (Pruess, 1967;
Table 1
Chemical compound screened, commercial name, chemical class, analysis m
(USDA, 2001; NDSU, 2001a; NDSU, 2001b)

Chemical compound Commercial namea Che

Aldicarb Temik C
a-BHC, b-BHC, d-BHC – OC
Bifenthrin Capture P
Carbaryl Sevin C
Carbofuran Furadan C
Chlorpyrifos Lorsban OP
cis-Chlordane, trans-Chlordane – OC
Cyfluthrin Baythroid, Tempo P
Dacthal – Alk
o,p 0-DDD, p,p0-DDD – OC
o,p 0-DDE, p,p0-DDE – OC
o,p 0-DDT, p,p0-DDT – OC
Diazinon – OP
Disulfoton Di-Syston OP
Dieldrin – OC
Endosulfan, Endosulfan II,

Endosulfan sulfate
Phaser, Thiodan OC

Endrin – OC
Esfenvalerate Asana XL P
HCB, Hexachlorobenzene – OC
Heptachlor, Heptachlor epoxide – OC
Lambda cyhalothrin Warrior, Karate P
Lindane – OC
Malathion Malathion OP
Methomyl Lannate C
Methoxychlor Marlate OC
Methyl parathion Methyl Parathion, Penncap-M OP
Mirex – OC
cis-Nonachlor, trans-Nonachlor – OC
Oxychlordane – OC
PCA, Pyrazon – Pyr
cis-Permethrin, trans-Permethrin Pounce, Ambush P
Terbufos Counter OP
Trifluralin – 2,6-

a Common names of some commercial products containing compound in fir
b C, carbamate; OC, organochlorine; OP, organophosphate; P, pyrethroid.
c GC–ECD, gas chromatography with electron capture detection; GC–MS/M
d n.a. indicates chemicals for which ACMs were not screened.
e – Indicates chemicals not listed for control at the time of this study or tho
Mattson et al., 1991; French et al., 1994; Kevan and Ken-
dall, 1997). While hiding in talus ACMs metabolize nectar
into fat and increase their body fat up to 60% over the sum-
mer (Kevan and Kendall, 1997). Grizzly bears excavate
ACMs from the talus, consuming millions from July
through September (Mattson et al., 1991; French et al.,
1994; White et al., 1999).

ACMs are the richest bear food in the Greater Yellow-
stone Ecosystem (GYE) and are an important food during
pre-hibernation hyperphagia (Pritchard and Robbins,
1990; French et al., 1994). White et al. (1999) estimated a
115 kg grizzly bear could eat 40000 ACMs day�1 and >1
million month�1, representing 47% of its annual caloric
budget (White, 1996; White et al., 1999). O’Brien and Lind-
zey (1994) estimated that approximately 45% of GYE griz-
zly bears used moth sites. However, this proportion is likely
biased high because bears at moth sites are more conspicu-
ous than bears in other habitats.
ethod, and state where chemical was listed for controlling ACM larvae

mical classb Analysis methodc,d State where listed
for controle

n.a. MT,WY
GC–ECD –
n.a. MT
GC–MS/MS ID,NE,SD
n.a. WY
GC–ECD, GC–MS/MS ID,MT,NE,SD,WY
GC–ECD –
n.a. NE,SD

yl phthalate GC–ECD –
GC–ECD –
GC–ECD –
GC–ECD –
GC–ECD –
n.a. WY
GC–ECD –
GC–ECD, GC–MS/MS MT

GC–ECD –
n.a. MT,NE,SD
GC–ECD –
GC–ECD –
n.a. MT,NE,SD,WY
GC–ECD –
n.a. WY
n.a. ID,MT,NE
GC–ECD MT
n.a. ID,NE,WY
GC–ECD –
GC–ECD –
GC–ECD –

idazinone GC–ECD –
GC–ECD, GC–MS/MS NE,WY
n.a. MT,WY

dinitroaniline GC–ECD –

st column.

S, gas chromatography with tandem mass spectrometry.

se that were no longer registered for use.
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Long distance transport of elements and chemicals from
low to high elevations has been reported for alfalfa web-
worm moths (Loxostege cereralis), Bogong moths (Agrotis

infusa), and other insects (Halfpenny, 1994; Green et al.,
2001). Bogong moth and ACM ecology are similar.
Bogong moths migrate from agricultural areas in south-
western Australia to the Snowy Mountains and the Victo-
rian Alps. They aggregate in caves, forming the primary
food of the endangered pygmy possum (Burramys parvus).
Bogong moths contain arsenic, which they transport from
low to high elevations, and pygmy possums consume it
(Green et al., 2001).

Because grizzly bears consume millions of ACMs, con-
cern exists about transport of pesticides that could bioaccu-
mulate in bears (French et al., 1994).

1.1. Threats of pesticides

It is well known that potentially toxic elements and
chemicals can persist in environments and bioaccumulate
in organisms (Kelly et al., 2004). At the time of this study,
carbamate, organophosphate, and pyrethroid chemicals
were listed for controlling ACM larvae in the states of
Idaho (ID), Montana (MT), Nebraska (NE), South
Dakota (SD), and Wyoming (WY) (Table 1 and Fig. 1).
MT also listed two organochlorine pesticides for control
of ACM larvae (Table 1).

Organochlorines resist degradation and are ingested by
organisms through their water and food (Schuurmann
and Markert, 1998). They are soluble in fat, and the
amount of fat in an organism influences chemical biocon-
centration (Schuurmann and Markert, 1998). Organochlo-
Fig. 1. ACMs sampling sites in the Greater Yellowstone Ec
rines have bioaccumulated in various species including bald
eagles (Haliaeetus leucocephalus) (Bowerman et al., 1998);
ringed seals (Phoca hispida) and polar bears (Ursus mariti-

mus) (Zhu and Norstrom, 1993); Western European river
otters (Lutra lutra) (Leonards et al., 1997); and the food
web comprising lichen (e.g., Cladina rangiferina and
Cetraria nivalis), caribou (Rangifer tarandus), and wolves
(Canis lupus) (Kelly and Gobas, 2001). Although some
organochlorines are metabolized by most homeotherms
and may not be stored in their tissues (Hoffman et al.,
1995; Kamrin, 1997), they are suspected endocrine disrupt-
ers that may alter mating behavior, reproduction (Adeoya-
Osiguwa et al., 2003), and development (Bevan et al.,
2003).

Carbamates, organophosphates, and pyrethroids are
metabolized and excreted by most organisms and rarely
bioconcentrate in food chains (Smith and Stratton, 1986;
Hill, 1995; Kamrin, 1997). However, they can alter animal
behavior (Smith and Stratton, 1986; Hill, 1995), disrupt
endocrine function (Colborn et al., 1993), inhibit reproduc-
tion and development (Mathur and Bhatnagar, 1991;
Mantovani, 2002; Adeoya-Osiguwa et al., 2003), and
have chronically toxic (Baron, 1991; Kamrin, 1997) and
teratogenic effects (Mathur and Bhatnagar, 1991; Kamrin,
1997). Pyrethroids may be carcinogenic (Chen et al., 2002),
but organophosphates and carbamates do not appear to be
(Baron, 1991; Kamrin, 1997; Chen et al., 2002).

Thus, ACMs are controlled by pesticides that could
potentially bioaccumulate and be physiologically toxic to
bears (Kamrin, 1997 and references therein) (Table 1).
Consequently, we investigated the following questions: (1)
do ACMs transport pesticides to high elevation grizzly
osystem (N = 5) and New Mexico (N = 1), 1999–2001.



Table 2
Aggregation sites where ACMs were collected organized by date,
elevation, number of moths in sample (n), and chemical compound levels
in the samples in ng ACM�1 when analyzed by GC–ECDa
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bear foraging sites? (2) if so, do ACMs contain pesticide
concentrations sufficient to reach physiological toxicity in
grizzly bears?
Aggregation
site

Date Elevation
(m)

n Compound ng
ACM�1

Absaroka
site 1

13 July
1999

3400 60 o,p0-DDD <1
Diazinon 1
Heptachlor <1
Heptachlor
Epoxide

<1

Oxychlordane <1
cis-Permethrin 4
trans-Permethrin 3

Absaroka
site 1

2
August
1999

3400 49 o,p0-DDD <1
Heptachlor <1
Heptachlor
Epoxide

<1

cis-Permethrin 2
trans-Permethrin 2

Absaroka
site 1

3
August
1999

3400 50 Chlorpyrifos <1
o,p0-DDD <1
Oxychlordane <1
cis-Permethrin 4
trans-Permethrin 3

Absaroka
site 1

19
August
1999

3400 69 b-BHC <1
Dacthal <1
Oxychlordane <1
cis-Permethrin 5
trans-Permethrin 4

Absaroka
site 2

21 July
1999

3438 50 b-BHC 1
Diazinon 3
Heptachlor <1
Heptachlor
Epoxide

1

cis-Permethrin 10
trans-Permethrin 10

Absaroka
site 3

26 July
1999

3390 52 Heptachlor Epoxide <1
Oxychlordane <1

Absaroka
site 4

15
August
1999

3352 78 Diazinon <1
Heptachlor
Epoxide

<1

Mirex <1
Oxychlordane <1
cis-Permethrin 6
trans-Permethrin 4

New Mexico
site

23
August
1999

3645 28 b-BHC <1
p,p0-DDE <1
Diazinon <1
Heptachlor
Epoxide

<1

Oxychlordane <1
cis-Permethrin 4
trans-Permethrin 4

Teton site 25
August
1999

3075 38 Oxychlordane <1
cis-Permethrin 5
trans-Permethrin 4

a Other compounds not listed were <MQL of 1 ppb and <MDL of
0.33 ppb.
2. Methods and materials

2.1. Study area

Our study area included the Absaroka and Teton moun-
tain ranges of northwestern WY, USA (Fig. 1). The Abs-
aroka Range runs north to south along the eastern
border of Yellowstone National Park (YNP). Elevations
range from 1830 m to 4006 m. The Teton Range runs north
to south and is bordered north by YNP, east by Jackson
Hole, west by the Teton Basin, and south and southeast
by the Snake River and Gros Ventre ranges, respectively.
Elevations range from 2133 m to 4197 m (Love et al.,
2003). Deep valleys, cirques, sharp ridges, and floodplains
characterize these ranges (Smith et al., 1993; Sundell,
1993; Love et al., 2003). Climate, geology, vegetation,
and fauna have been described previously (Baker, 1944;
Patten, 1963; Waddington and Wright, 1974; Dirks and
Martner, 1982; Thilenius and Smith, 1985; Despain,
1990; Marston and Anderson, 1991; Sundell, 1993; Smith
et al., 1993; Clark et al., 1999; Love et al., 2003).

ACMs aggregate in talus at elevations between 3024 and
3680 m located at the base of large headwalls above timber-
line. The talus typically contains rocks measuring 8–40 cm
and lacks vegetation (Mattson et al., 1991). Alpine tundra
and meadows are nearby and support the flowering plants
on which ACMs feed.

2.2. Sampling

In 1999, we collected ACMs from each of four high ele-
vation sites in the Absaroka Range and one site in the
Teton Range (Fig. 1, see Table 2 for sample sizes). ACMs
were collected from one site (Absaroka site 1) four times to
evaluate potential temporal differences in pesticide levels.
We also analyzed ACMs from an aggregation site used
by American black bears (Ursus americanus) in New Mex-
ico (Table 2 and Fig. 1). Samples were either stored in
ethanol or air-dried and stored in envelopes. In 2001, we
revisited Absaroka site 1 and collected additional ACMs,
which were frozen shortly after collection.

2.3. Pesticide residue analyses

2.3.1. Gas chromatography with electron capture detection

In 1999, we screened ACMs for organochlorines, carba-
mates, organophosphates, and pyrethroids listed for con-
trolling larvae in the states of ID, MT, NE, SD and WY
(Table 1). Because farmers have used pesticides not listed
for control of ACM larvae (e.g., diazinon [Robison, per-
sonal observation]), we also screened for additional
chemicals.
ACMs were analyzed by the USGS Columbia Environ-
mental Research Center (CERC), in Colombia, Missouri,
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using gas chromatography with electron capture detection
(GC–ECD) (Table 1). A detailed protocol is contained in
Lebo et al. (2000). Samples were screened for 32 chemicals
comprising a standard CERC pesticide-screening panel
(Table 1). Sample dialysates and procedural controls were
purified by size exclusion chromatography, and elutes were
cleaned-up on Florisil� columns and screened for pesti-
cides. For each compound, the method quantitation limit
(MQL) was 1 ppb, and the method detection limit
(MDL) was 0.33 ppb.

2.3.2. Gas chromatography with tandem mass

spectrometry

Subsequent to analysis of ACMs collected in 1999, we
learned GC with tandem mass spectrometry (GC–MS/MS)
can be more sensitive for detecting certain contaminants
than GC–ECD (Sheridan and Meola, 1999). Therefore,
ACMs collected in 2001 were analyzed with GC–MS/MS
by the Agricultural Experiment Station Analytical Labora-
tory at Montana State University, Bozeman. Analyses
followed procedures in Sheridan and Meola (1999). ACMs
were screened for six of the 32 compounds screened in the
1999 panel including chlorpyrifos, endosulfan I, endsodulfan
II, endosulfan sulfate, cis-permethrin, and trans-permethrin
(Table 1). ACMs were also screened for carbaryl, a chemical
not included in the 1999 panel (Table 1) but listed for control
of ACM larvae in ID, NE, and SD. The MQLs for GC/
MS–MS analyses ranged from 10 to 60 ppb.

3. Results

The GC–ECD analyses indicate ACMs contain pesticide
residues only in trace amounts (Table 2). Across all sam-
pling sites and per ACM, 12 chemical compounds were
found in amounts PMQL. Of these 12, seven were found
in amounts of <1 ng ACM�1. Five of the 12 were found
in amounts P1 ng ACM�1.

Permethrin was the chemical detected in the highest
amount (10 ng ACM�1) in ACMs collected in 1999 (Table
2). If each of the 40000 ACMs a 115 kg bear could eat in a
day contained 10 ng of permethrin, it could consume
0.003478 mg kg bw�1 per day (Table 3). Other chemicals
found in ACMs at amounts P1 ng ACM�1 were b-HCH,
diazinon, and heptachlor epoxide, which were found at lev-
els of 1, 3, and 1 ng ACM�1, respectively (Tables 2 and 3).
The most liberal estimates of the amounts of these chemi-
cals a bear could eat in a day are 0.000347, 0.001043, and
0.000347 mg kg bw�1 for b-HCH, diazinon, and hepta-
chlor epoxide, respectively. None of these chemicals
reached reported lethal or physiologically toxic levels in
mammals (Table 3).

We did not observe temporal differences in pesticide lev-
els in ACMs collected from Absaroka site 1 in 1999 (Table
2). ACMs from Absaroka site 2 contained almost twice as
much permethrin as ACMs from other sites (Table 2). Pes-
ticide levels detected in ACMs from New Mexico were sim-
ilar to those of ACMs from Wyoming.
We did not detect chemicals in the ACMs collected in
2001 and screened by GC–MS/MS (Table 1).

4. Discussion

4.1. Potential chemical toxicity to bears

Our results indicate that although pesticides are present
in ACMs in trace quantities, they are likely insufficient to
cause direct effects on or to biomagnify in bears.

Analyses of toxicant levels in grizzly bear lipids have not
been performed to date, and therefore, we could not calcu-
late biomagnification factors for the chemicals we detected.
Hence, we evaluated potential threats of these chemicals to
bears based on their levels in ACMs and by comparing
these levels to published toxicity values for the most closely
related species to bears for which data exist (Table 3).
Bears may be more or less sensitive than these species.
To calculate conservative estimates of daily chemical inges-
tion by bears we used the maximum number of ACMs a
bear can eat in a day and the maximum chemical levels
detected in ACMs (Table 3). Thus, it is likely bears are
not ingesting chemical levels approaching our estimates.

During this study, permethrin was listed for controlling
ACM larvae in the states of NE and WY but not in the
states of ID, MT, and SD. If bears are as sensitive to per-
methrin as are dogs (Canis familiaris) and rats (Rattus

spp.), bears would have to eat >1400 and >40 000 times
their estimated maximum daily ingestion rate to experience
chronically toxic and endocrine disrupting effects, respec-
tively (Table 3). The World Health Organization (WHO)
acceptable human daily dietary intake (ADI) and the US
Environmental Protection Agency (EPA) acceptable daily
dose for humans over a 70-year lifetime (RfD) for permeth-
rin are >14 times what a bear could potentially ingest in a
day of eating ACMs (Lu, 1995; Kamrin, 1997) (Table 3).
These estimates indicate bears are not consuming amounts
that are likely to be physiologically toxic. Permethrin does
not persist in environments or bioaccumulate (Smith and
Stratton, 1986) and is unlikely to biomagnify in bears.

Although diazinon was not listed for controlling ACM
larvae in the states of ID, MT, NE, SD, and WY, in
1999 it was detected in ACMs at Absaroka site 1 in trace
amounts (Table 2). If bears are as sensitive to diazinon as
are swine (Sus spp.) and rats, they would have to consume
>9500 and >1400 times their estimated maximum daily
ingestion rate to experience chronically toxic or endocrine
disrupting effects (Table 3). The WHO ADI for diazinon
is 1.9 times the maximum daily amount we estimated bears
could ingest. At this rate bears would be eating 1.2 to 5.2
times the EPA RfD (Table 3). Diazinon does not appear
to bioaccumulate, and bears do not consume physiologi-
cally toxic levels. However, our estimates indicate bears
could potentially consume more than the acceptable daily
level established by the EPA for humans.

ACMs could incorporate diazinon in various ways.
Although it was not listed for controlling ACM larvae in



Table 3
Chemicals detected in ACMs > MQL, highest amounts, amount a bear could potentially eat in a day based on consuming 40000 ACMs, LD50s, amount a
bear would have to eat to experience carcinogenic (C), chronic (CH), endocrine disrupting (ED), reproductive (R), or teratogenic (T) effects, the WHO
ADI, and the US EPA RfD

Chemical Highest chemical
amount found
in ACMs

Chemical
amount a
bear could
eat in a day

LD50 mg kg�1 per day a bear would have
to consume to incur physiologically
toxic effects

WHO
ADI

EPA
RfD

ng ACM�1 mg kg�1 mg kg�1 C CH ED R T mg kg�1 mg kg�1

b-BHC 1 0.000347 2000a,b P0.37c,d P0.5a,b P0.004c,e P0.5a,b no 6 0.1a,b n.a.f n.a.g

Diazinon 3 0.001043 143h,i no 6 45a,j P10k,j P1.5a,l P1.5a,l P1.0m,j 0.002f 0.0002n,
0.0009a10

Heptachlor epoxide 1 0.000347 39a,o P1.2a,j no 6 0.1m,j P5a,p P0.5a,q P5a,j 0.0005r 1.3 · 10�5g

Permethrin 10 0.003478 430a,j noa,s no 6 5m,j no 6 150a,t P250a,j no 6 1800a,s 0.05j 0.05j

Chlorpyrifos <1 <0.000347 =82a,i no 6 10 a,j P1m,j Yesu no 6 1a,j P15a,j 0.01j 0.003j

Dacthal <1 <0.000347 P3,000a,j no 6 500a,j P800m,j Yesv no 6 500a,j no 6 300h,j n.a.j 0.01w

Heptachlor <1 <0.000347 =40a,i P1.2a,j no 6 0.1m,j Yesx P0.25a,j P5a,j 0.0001j 0.005j

Mirex <1 <0.000347 =100m,i P0.25a,y P0.25a,y Yesx P0.25a,y P6a,y n.a.y 0.0002z

Oxychlordane <1 <0.000347 =19.1a,a1 no 6 2a,a1
62a,a1 P0.1a2 no 6 1.5a,a1 P3a,a1

60.001a1 0.0005a3

o,p 0-DDD <1 <0.000347 >4000a,a4 no < 0.3a,a4 no < 0.3a,a4 Yesx,a5 no < 0.3a,a4 Yesa6 0.005a7 0.0005a8

p,p 0-DDE <1 <0.000347 >880a,a4 >7.21c,d no < 0.3a,a4 P200a,a9 no < 0.3a,a4 Yesa6 0.005a7 0.0005a8

no = no reported effect in these sources at or below levels indicated at the time of this writing.
n.a. = no level available at this time.

a Rat.
a1 WHO (1984a).
a2 Cassidy et al. (1994).
a3 EPA (1997)-value for parent compound chlordane.
a4 WHO (1979).
a5 Klotz et al. (1996).
a6 Dorner and Plagemann (2002)-parent compound DDT.
a7 WHO (1979)-value for parent compound DDT.
a8 EPA (2004d)-value for parent compound DDT.
a9 Kelce et al. (1997).

a10 EPA (1984).
b WHO (1991).
c Human.
d Quintana et al. (2004).
e Akkina et al. (2004).
f Lu (1995).
g EPA IRIS, 2002.
h Rabbit.
i Ramamoorthy et al. (1995).
j Kamrin (1997) and references therein.

k Swine.
l El Aziz et al. (1994).

m Dog.
n EPA (2004a)
o ATSDR (1993).
p Wango et al. (1997).
q WHO (1975).
r WHO (1984b).
s WHO (1990).
t Kunimatsu et al. (2002).
u Andersen et al. (2002).
v Colborn and Short (1999).
w EPA (2004b).
x Colborn et al. (1993) (and sources therein).
y WHO (1984c).
z EPA (2004c).
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ID, MT, NE, SD, WY, it has been recommended for con-
trolling other pests that feed on crops also eaten by ACM
larvae (e.g., sugar beets) (Hein, 2003). So, it is possible that
ACMs were not targets of diazinon control, but that they
became contaminated with it. Alternatively, ACMs could
have migrated to the mountains from states where use of
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diazinon was recommended. Also, diazinon is commonly
found in air, rain, and fog (EPA, 2001). Hence, it is possi-
ble ACMs became contaminated via these mediums.

b-HCH was not listed for controlling ACM larvae in
ID, MT, NE, SD, and WY during this study, but it was
detected in 1999 in trace amounts (Tables 2 and 3). If bears
are as sensitive to b-HCH as are rats (Rattus spp.) and
humans, they would have to consume >1400 and >11 times
the estimated maximum daily ingestion rate to reach
chronically toxic and endocrine disrupting levels, respec-
tively (Table 3). There is currently no WHO ADI or EPA
RfD for b-HCH. Therefore, we cannot determine whether
bear consumption could be higher than the amounts
acceptable for humans.

Neither heptachlor nor chlordane was listed for control-
ling ACM larvae, yet their metabolite heptachlor epoxide
was detected at low levels in 1999 (Tables 2, 3). Bears would
have to consume >280 and >14 000 times their estimated
maximum daily ingestion rate to reach chronically toxic
and endocrine disrupting levels (Table 3). This rate is >1.4
times the WHO ADI and >26 times the EPA RfD. There-
fore, although bears ingest levels below those causing phys-
iological toxicity, they could potentially consume amounts
greater than those considered acceptable for humans.

The parent compounds of b-HCH (e.g., technical HCH)
and heptachlor epoxide (e.g., heptachlor, chlordane) were
banned in the USA in the 1970s and 1980s (ATSDR,
1993, 2003). Lindane, also a parent compound of b-
HCH, has been restricted to specific seed treatments
(ATSDR, 2003). Hence, detection of b-HCH and hepta-
chlor epoxide in ACMs likely results from historic use of
their parent compounds and their persistence in environ-
ments (Oliver and Nimi, 1988; ATSDR, 1993; Zhu and
Norstrom, 1993). Although bears are not consuming phys-
iologically toxic amounts of b-HCH and heptachlor epox-
ide they may potentially bioaccumulate in bears over time.
However, the potential of moths to transport these chemi-
cals will decrease as residues of their parent compounds
decrease in the environment over time.

Although we were unable to analyze ACMs for residues
of all chemicals listed for controlling larvae, we did analyze
ACMs for residues of pesticides commonly listed and rep-
resenting each of the four chemical classes listed to control
larvae. Additionally, that GC–MS/MS did not detect
chemicals detected by GC–ECD is not surprising because
the GC–MS/MS analysis was less sensitive (i.e., the MQLs
were higher than those for GC–ECD).

4.2. Management considerations

Results of this study indicate that ACMs do not trans-
port biologically significant (i.e., physiologically toxic) lev-
els of contaminants to high elevations and minimize
concerns of chemical bioaccumulation in bears under cur-
rent pesticide use. The low to undetectable levels we report
are logical because ACMs produce most of their fat body
in the alpine where pesticides are not used.
However, pesticide use remains relevant to bear conser-
vation. When compared to domestic species typically used
to determine chemical toxicities, bears have unique physiol-
ogy including hyperphagia, brown fat accumulation, and
torpor. This could result in differences in their assimilation
or excretion of certain chemicals, particularly those stored
in fat. Also, because available pesticides and their listed
uses change, we recommend repeating this work as neces-
sary in the future. We also recommend collection and pes-
ticide residue analysis of grizzly bear tissue. These analyses
should be performed on grizzly bear fat, blood or hair sam-
ples (Tsatsakis and Tutudaki, 2004 and references therein)
taken from bears suspected of feeding at moth sites. Care
must be taken to eliminate alternative sources of pesticides
as they could confound residue levels attributable to
ACMs. Additionally, we could not find literature docu-
menting synergisms between the chemicals detected in
ACMs. If synergisms are discovered, future studies will
need to consider their effects.
Acknowledgements

Funding was provided in part by the Yellowstone Park
Foundation via the Camp Fire Conservation Fund, the
Turner Foundation, the Bernice Barbour Foundation,
Earth Friends, the National Park Foundation, and in part
by the International Bear Association, the American Mu-
seum of Natural History, the Wyoming Chapter of The
Wildlife Society, and Sigma Xi. Funding and/or logistical
support was provided by the USGS-BRD Interagency
Grizzly Bear Study Team, YNP Bear Management Office,
USDA-USFS Region 1 Office, GTNP, and the Wyoming
Fish and Game Department. ACMs from New Mexico
were provided by C. Costello of the Hornocker Wildlife
Research Institute, Inc. The Rob and Bessie Welder Wild-
life Foundation provided stipend support to Robison. This
manuscript benefited from exchanges with E.Z. Cameron,
the biology graduate students at the University of Nevada,
Reno, and two anonymous reviewers. R.G. Elston assisted
with maps. Much appreciation is extended to W. S. Hamp-
ton, C. McQueary, T. Free, C. Gibbs, J. Hicks, and R. Key
for field and/or laboratory assistance.
References

Adeoya-Osiguwa, S.A., Markoulaki, S., Pocock, V., Milligan, S.R.,
Fraser, L.R., 2003. 17 beta-estradiol and environmental estrogens
significantly affect mammalian sperm function. Hum. Reprod. 18,
100–107.

Akkina, J.E., Relf, J.S., Keefe, T.J., Bachand, A.M., 2004. Age at natural
menopause and exposure to organochlorine pesticides in Hispanic
women. J. Toxicol. Env. Heal. A 67, 1407–1422.

Andersen, H.R., Vinggaard, A.M., Rasmussen, T.H., Gjermandsen, I.M.,
Bonefeld-Jorgensen, E.C., 2002. Effects of currently used pesticides in
assays for estrogenicity, androgenicity, and aromatase activity in vitro.
Toxicol. Appl. Pharm. 179, 1–12.

ATSDR, 1993. Toxicological profile for heptachlor/heptachlor epoxide.
Agency for Toxic Substances and Disease Registry. Prepared by



H.L. Robison et al. / Chemosphere 64 (2006) 1704–1712 1711
Clement International Corporation, under Contract No. 205-88-0608.
US Public Health Service, TP-92/11, Atlanta, GA.

ATSDR, 2003. Toxicological profile for hexachlorocyclohexanes (HCH).
Agency for Toxic Substances and Disease Registry, Department of
Health and Human Services, Public Health Service, Atlanta, G.A.

Baker, F.S., 1944. Mountain climates of the western United States. Ecol.
Monogr. 14, 223–254.

Baron, R.L., 1991. Carbamate insecticides. In: Hayes, Jr., W.J., Laws, Jr.,
E.R. (Eds.), Handbook of Pesticide Toxicology. Academic Press, New
York, NY, pp. 1125–1189.

Bevan, C.L., Porter, D.M., Prasad, A., Howard, M.J., Henderson, L.P.,
2003. Environmental estrogens alter early development in Xenopus

laevis. Environ. Health Persp. 111, 488–496.
Bowerman, W.W., Best, D.A., Grubb, T.G., Zimmerman, G.M., Giesy,

J.P., 1998. Trends of contaminants and effects in bald eagles of the
Great Lakes basin. Environ. Monit. Assess. 53, 197–212.

Burton, R.L., Starks, J.K., Peters, D.C., 1980. The army cutworm.
Bulletin B-749, Agricultural Experimental Station, Oklahoma State
University Stillwater, OK.

Cassidy, R.A., Vorhees, C.V., Minnema, D.J., Hastings, L., 1994. The
effects of chlordane exposure during pre- and postnatal periods at
environmentally relevant levels on sex steroid-mediated behaviors and
functions in the rat. Toxicol. App. Pharm. 126, 326–337.

Chen, H., Xiao, J., Hu, G., Zhou, J., Xiao, H., Wang, X., 2002.
Estrogenicity of organophosphorus and pyrethroid chemicals. J.
Toxicol. Env. Heal. A 65, 1419–1435.

Clark, T.W., Curlee, A.P., Minta, S.C., Kareiva, P.M., 1999. Carnivores
in Ecosystems: The Yellowstone Experience. Yale University Press,
New Haven, CT.

Colborn, T., Short, P., 1999. Pesticide use in the US and policy
implication: a focus on herbicides. Toxicol. Ind. Health. 15, 241–276.

Colborn, T., Vom Saal, F.S., Soto, A.M., 1993. Developmental effects of
endocrine-disrupting chemicals in wildlife and humans. Environ.
Health Persp. 101, 378–384.

Despain, D.G., 1990. Yellowstone Vegetation: Consequences of Environ-
ment and History in a Natural Setting. Roberts Rinehart Publishing
Company, Boulder, CO.

Dirks, R.A., Martner, B.E., 1982. The climate of Yellowstone and Grand
Teton National Parks. Occas. Pap. No. 6. US Department of the
Interior, National Park Service, Yellowstone National Park, WY.

Dorner, G., Plagemann, A., 2002. DDT in human milk and mental
capacities in children at school age: an additional view on PISA 2000.
Neuroendocrinol. Lett. 23, 427–431.

El Aziz, M.I. Abd, Sahlab, A.M., El-Khalik, Menha, Abd., 1994.
Influence of diazinon and deltamethrine on reproductive organs and
fertility of male rats. Deut. Tierarztl. Woch. 101, 230–232.

EPA, 1984. Health and environmental effects profile for diazinon. EPA/
600/X-84/245 (NTIS PB88162425). US Environmental Protection
Agency, Washington, DC.

EPA, 1997. Toxicological review of chlordane (technical) (CAS No.
12789-03-6). US Environmental Protection Agency, Washington,
DC.

EPA, 2001. Diazinon revised risk assessment and agreement with
registrants. US Environmental Protection Agency: prevention, pesti-
cides, and toxic substances. 7506C. January 2001. US Environmental
Protection Agency, Washington, DC.

EPA, 2002. Heptachlor epoxide (CASRN 1024-57-3). Integrated Risk
Information System. US Environmental Protection Agency, Washing-
ton, DC.

EPA, 2004a. Interim reregistration eligibility decision: diazinon. US
Environmental Protection Agency: prevention, pesticides, and toxic
substances. 7508C. EPA 738-R-04-006. May 2004. US Environmental
Protection Agency, Washington, DC.

EPA, 2004b. Dacthal (CASRN 1861-32-1). Integrated Risk Information
System. US Environmental Protection Agency, Washington, DC.

EPA, 2004c. Mirex (CASRN 2385-85-5). Integrated Risk Information
System. US Environmental Protection Agency, Washington, DC.
EPA, 2004d. p,p0-Dichlorodiphenyltrichloroethane (DDT) (CASRN 50-
29-3). Integrated Risk Information System. US Environmental
Protection Agency, Washington, DC.

French, S.P., French, M.G., Knight, R.R., 1994. Grizzly bear use of army
cutworm moths in the Yellowstone Ecosystem. Int. Conf. Bear Res.
Manag. 9, 389–399.

Green, K., Broome, L., Heinze, D., Johnston, S., 2001. Long distance
transport of arsenic by migrating bogong moths from agricul-
tural lowlands to mountain ecosystems. Victorian Nat. 118, 112–
116.

Halfpenny, J.C., 1994. Animals of the mountains. In: Ives, J.D. (Ed.),
Mountains. Rodale Press, Emmaus, PA, pp. 80–95.

Hein, G., 2003. Sugarbeets XX -4–5 wireworms; -5,6 aphids; -7–10 beet
leafhopper; -11–12 grasshoppers; -12 leafminers. High Plains Inte-
grated Pest Management Guide for Colorado, Western Nebraska,
Wyoming, and Montana. US Department of Agriculture, Washington,
DC.

Hill, E.F., 1995. Organophosphorus and carbamate pesticides. In:
Hoffman, D.J., Rattner, B.A., Burton, Jr., G.A., Cairns, Jr., J.
(Eds.), Handbook of Ecotoxicology. CRC Press, Inc., Boca Raton,
FL, pp. 243–274.

Hoffman, D.J., Rattner, B.A., Burton Jr., G.A., Cairns Jr., J., 1995.
Handbook of Ecotoxicology. CRC Press, Inc., Boca Raton, FL.

Kamrin, M.A., 1997. Pesticide Profiles: Toxicity, Environmental Impact,
and Fate. CRC Press LLC, Boca Raton, FL.

Kelce, W.R., Lambright, C.R., Gray Jr., L.E., Roberts, K.P., 1997.
Vinclozolin and p,p*-DDE alter androgen-dependent gene expression:
in vivo confirmation of an androgen receptor-mediated mechanism.
Toxicol. Appl. Pharm. 142, 192–200.

Kelly, B.C., Gobas, F.A.P.C., 2001. Bioaccumulation of persistent organic
pollutants in lichen, caribou, wolf food chains of Canada’s central and
western arctic. Environ. Sci. Technol. 35, 325–334.

Kelly, B.C., Gobas, F.A.P.C., McLachlan, M.S., 2004. Intestinal absorp-
tion and biomagnification of organic pollutants in fish, wildlife, and
humans. Environ. Toxicol. Chem. 23, 2324–2336.

Kevan, P.G., Kendall, D.M., 1997. Liquid assets for fat bankers: summer
nectarivory by migratory moths in the Rocky Mountains, Colorado,
USA. Arctic Alpine Res. 29, 478–482.

Klotz, D.M., Beckman, B.S., Hill, S.M., McLachlan, J.A., Walters, M.R.,
Arnold, S.F., 1996. Identification of environmental chemicals with
estrogenic activity using a combination of in vitro assays. Environ.
Health Persp. 104, 1084–1089.

Kunimatsu, T., Yamada, T., Ose, K., Sunami, O., Kamita, Y., Okuno, Y.,
Seki, T., Nakatsuka, I., 2002. Lack of (anti-) androgenic or estrogenic
effects of three pyrethroids (esfenvalerate, fenvalerate, and permethrin)
in the Hershberger and uterotrophic assays. Regul. Toxicol. Pharm.
35, 227–237.

Lebo, J.A., Cranor, W.L., Petty, J.D., 2000. Screening of army cutworm
moth samples or organochlorine pesticides and other unknown
contaminants. US Geological Survey, Columbia Environmental
Research Center, Columbia, MO.

Leonards, P.E.G., Zierikzee, Y., Brinkman, U.A.T., Cofino, W.P., van
Straalen, N.M., van Hattum, B., 1997. The selective dietary accumu-
lation of planar polychlorinated biphenyls in the otter (Lutra lutra).
Environ. Toxicol. Chem. 16, 1807–1815.

Love, J.D., Reed Jr., J.C., Pierce, K.L., 2003. Creation of the Teton
landscape: a geologic chronicle of Jackson Hole and the Teton Range,
second ed. Grand Teton Natural History Association, Moose, WY.

Lu, F.C., 1995. A review of the acceptable daily intakes of pesticides
assessed by WHO. Regul. Toxicol. Pharm. 21, 352–364.

Mantovani, A., 2002. Hazard identification and risk assessment of
endocrine disrupting chemicals with regard to developmental effects.
Toxicology 181, 367–370.

Marston, R.A., Anderson, J.E., 1991. Watersheds and vegetation of the
Greater Yellowstone Ecosystem. Conserv. Biol. 5, 338–346.

Mathur, A., Bhatnagar, P., 1991. A teratogenic study of carbaryl in Swiss
albino mice. Food Chem. Toxicol. 9, 629–632.



1712 H.L. Robison et al. / Chemosphere 64 (2006) 1704–1712
Mattson, D.J., Gillin, C.M., Benson, S.A., Knight, R.R., 1991. Bear
feeding activity at alpine insect aggregation sites in the Yellowstone
Ecosystem. Can. J. Zoolog. 69, 2430–2435.

NDSU, 2001a. The armyworm and the army cutworm. E-830. North
Dakota State University Extension Service, Fargo, ND.

NDSU, 2001b. Field Crop Insect Management Recommendations. E-
1143. North Dakota State University Extension Service, Fargo, ND.

O’Brien, S.L., Lindzey, F.G., 1994. Grizzly bear use of moth aggregation
sites and summer ecology of army cutworm moths in the Absaroka
Mountains, Wyoming. Final report to the Wyoming Game and
Fish Department. Wyoming Cooperative Fish and Wildlife Research
Unit.

Oliver, B.G., Nimi, A.J., 1988. Trophodynamic analyses of polychlori-
nated biphenyl congeners and other chlorinated hydrocarbons in the
Lake Ontario ecosystem. Environ. Sci. Technol. 22, 388–397.

Patten, D.T., 1963. Vegetational pattern in relation to environments in the
Madison Range, Montana. Ecol. Monogr. 33, 375–406.

Pritchard, G.T., Robbins, C.T., 1990. Digestive and metabolic efficiencies
of grizzly and black bears. Can. J. Zoolog. 68, 1645–1651.

Pruess, K.P., 1967. Migration of the army cutworm, Chorizagrotis

auxiliaris (Lepidoptera: Noctuidae). I. Evidence for a migration.
Ann. Entomol. Soc. Am. 60, 910–920.

Quintana, P.J.E., Delfino, R.J., Korrick, S., Ziogas, A., Kutz, F.W.,
Jones, E.L., Laden, F., Garshick, E., 2004. Adipose tissue levels of
organochlorine pesticides and polychlorinated biphenyls and risk of
non-Hodgkin’s lymphoma. Environ. Health Persp. 112, 854–861.

Ramamoorthy, S., Baddaloo, E.G., Rammamoorthy, S., 1995. Handbook
of Chemical Toxicity Profiles of Biological SpeciesAvian and Mam-
malian Species, vol. II. CRC Press, Inc., Boca Raton, FL.

Schuurmann, G., Markert, B., 1998. Ecotoxicology: Ecological Funda-
mentals, Chemical Exposure, and Biological Effects. John Wiley &
Sons, Inc., New York, NY.

Servheen, C., 1990. The status and management of the bears of the world.
In: Int. Conf. Bear Res. Manag., Monograph Series Number 2.

Sheridan, R.S., Meola, J.R., 1999. Analysis of pesticide residues in fruits,
vegetables, and milk by gas chromatography/tandem mass spectrom-
etry. J. AOAC Int. 82, 982–990.

Smith, T.M., Stratton, G.W., 1986. Effects of synthetic pyrethroid
insecticides on nontarget organisms. Residue Rev. 97, 93–120.

Smith, R.B., Byrd, J.O.D., Susong, D.D., 1993. The Teton fault,
Wyoming: seismotectonics, Quaternary history, and earthquake haz-
ards. In: Snoke, A.W., Steidtmann, J.R., Roberts, S.M. (Eds.),
Geology of Wyoming: Geological Survey of Wyoming Memoir No.
5. Geological Survey of Wyoming, Laramie, WY, pp. 629–667.

Sundell, K.A., 1993. A geologic overview of the Absaroka volcanic
province. In: Snoke, A.W., Steidtmann, J.R., Roberts, S.M. (Eds),
Geology of Wyoming: Geological Survey of Wyoming Memoir No. 5.
Geological Survey of Wyoming, Laramie, WY, pp. 480–506.

Thilenius, J.F., Smith, D.R., 1985. Vegetation and soils of an alpine range
in the Absaroka Mountains, Wyoming. US Department of Agriculture
Forest Service General Technical Report RM-121, Rocky Mountain
Forest and Range Experiment Station, Ft. Collins, CO.
Tsatsakis, A., Tutudaki, M., 2004. Progress in pesticide and POPs hair
analysis for the assessment of exposure. Forensic Sci. Int. 145, 195–
199.

US Department of Agriculture, Integrated Pest Management Centers
Information System, 2001. NSF Center for Integrated Pest Manage-
ment, North Carolina State University, Raleigh, NC.

USFWS, 2003. Final conservation strategy for the grizzly bear in the
Greater Yellowstone Area. US Fish and Wildlife Service, Missoula,
Montana, USA.

Waddington, J.C.B., Wright, Jr., H.E., 1974. Late Quaternary vegeta-
tional changes on the east side of Yellowstone National Park,
Wyoming. Quaternary Res. 4, 175–184.

Wango, E.O, Onyango, D.W., Odongo, H., Okindo, E., Mugweru, J.,
1997. In vitro production of testosterone and plasma levels of
luteinising hormone, testosterone and cortisol in male rats
treated with heptachlor. Comp. Biochem. Phys. 118C (3), 381–
386.

White Jr., D.D., 1996. Two grizzly bear studies: moth feeding ecology and
male reproductive biology. Ph.D. thesis, Department of Biology,
Montana State University, Bozeman, MT.

White Jr., D.D., Kendall, K.C., Picton, H.D., 1998a. Seasonal occurrence,
body composition, and migration potential of army cutworm moths in
northwest Montana. Can. J. Zoolog. 76, 835–842.

White Jr., D.D., Kendall, K.C., Picton, H.D., 1998b. Grizzly bear feeding
activity at alpine army cutworm moth aggregation sites in northwest
Montana. Can. J. Zoolog. 76, 221–227.

White Jr., D.D., Kendall, K.C., Picton, H.D., 1999. Potential energetic
effects of mountain climbers on foraging grizzly bears. Wildlife Soc. B
27, 146–151.

WHO, 1975. Data sheets on pesticides No. 19: Heptachlor. World Health
Organization, Geneva, Switzerland.

WHO, 1979. Environmental Health Criteria 9: DDT and its derivatives.
International Programme on Chemical Safety. World Health Organi-
zation, Geneva, Switzerland.

WHO, 1984a. Environmental Health Criteria 34: Chlordane. International
Programme on Chemical Safety. World Health Organization, Geneva,
Switzerland.

WHO, 1984b. Environmental Health Criteria 38: Heptachlor. Interna-
tional Programme on Chemical Safety. World Health Organization,
Geneva, Switzerland.

WHO, 1984c. Environmental Health Criteria 44: Mirex. International
Programme on Chemical Safety. World Health Organization, Geneva,
Switzerland.

WHO, 1990. Environmental Health Criteria 94: Permethrin. International
Programme on Chemical Safety. World Health Organization, Geneva,
Switzerland.

WHO, 1991. Environmental Health Criteria 123: alpha- and beta-
hexachlorocyclohexanes. International Programme on Chemical
Safety. World Health Organization, Geneva, Switzerland.

Zhu, J., Norstrom, R.J., 1993. Identification of polychlorocamphenes
(PCCs) in the polar bear (Ursus maritimus) food chain. Chemosphere
27, 1923–1936.


	Assessment of pesticide residues in army cutworm moths (Euxoa auxiliaris) from the Greater Yellowstone Ecosystem and their potential consequences to foraging grizzly bears (Ursus arctos horribilis)
	Introduction
	Threats of pesticides

	Methods and materials
	Study area
	Sampling
	Pesticide residue analyses
	Gas chromatography with electron capture detection
	Gas chromatography with tandem mass�spectrometry


	Results
	Discussion
	Potential chemical toxicity to bears
	Management considerations

	Acknowledgements
	References


