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Use of naturally occurring mercury to determine
the importance of cutthroat trout to Yellowstone
grizzly bears

Laura A. Felicetti, Charles C. Schwartz, Robert O. Rye, Kerry A. Gunther,
James G. Crock, Mark A. Haroldson, Lisette Waits, and Charles T. Robbins

Abstract: Spawning cutthroat trout (Oncorhynchus clarki (Richardson, 1836)) arc a potentially important food resource
for grizzly bears (Ursus arctos horribilis Ord, 1815) in the Greater Yellowstone Ecosystem. We developed a method to
estimate the amount of cutthroat trout ingested by grizzly bears living in the Yellowstone Lake area. The method uti-
lized (i) the relatively high, naturally occurring concentration of mercury in Yellowstone Lake cutthroat trout (508 =+

93 ppb) and its virtual absence in all other bear foods (<6 ppb), (if) hair snares to remotely collect hair from bears vis-
iting spawning cutthroal trout streams between 1997 and 2000, (iii) DNA analyses to identify the individual and sex of
arizzly bears leaving a hair sample, (iv) feeding trials with captive bears to develop relationships between fish and mer-
cury intake and hair mercury concentrations, and (v) mercury analyses of hair collected from wild bears to estimate the
amount of trout consumed by cach bear. Male grizzly bears consumed an average of 5 times more trout/kg bear than
did female grizzly bears. Estimated cutthroat trout intake per year by the grizzly bear population was only a small frac-
tion of that estimated by previous investigators, and males consumed 92% of all trout ingested by grizzly bears.

Résumé : Les truites fardées (Oncorhivachus clarki (Richardson, 1836)) en fraye constituent unc ressource alimentaire
potenticllement importante pour les grizzlis (Ursus arclos horribilis Ord, 1815) dans I’écosysteme du Grand Yellows-
tone. Nous avons mis au point une méthode pour estimer la quantité de truites fardées ingérées par les grizzlis vivant
dans la région du lac Yellowstone. La méthode utilise () la concentration naturclle et relativement élevée de mercure
chez les truites fardées du lac Yellowstone (508 = 93 ppb) et son absence virtuelle (<6 ppb) dans les autres aliments
des ours, (i) des dispositifs pour récolter a distance des touffes de poils des ours qui visitent les cours d’cau de (raye
de Ta truite fardée (utilisés de 1997 a 2000), (iii) des analyses d’ADN pour déterminer ’identité et le sexc des grizzlis
qui ont laiss¢ ces touffes de poils, (iv) des essais alimentaires chez des ours en captivité afin d’établir la relation qui
existe entre I'ingestion de poissons et de mercure, d’une part, et la concentration de mercure dans le poil, d"autre part,
et (v) le dosage du mercure dans le poil d’ours sauvages afin d’estimer la quantité de chair de truite consommée par
chaque ours. Les grizzlis méles consomment en moyenne 5 fois plus de chair de truite par kg d’ours que les femelles.
L ingestion annuelle estimée de chair de truite par la population d’ours n’est qu’unc petite fraction de celle obtenue par
des chercheurs antéricurs: de plus, les males consomment 92 % de toute la chair de truite ingérée par les grizzlis.

['Traduit par la Rédaction]

Introduction

Spawning cutthroat trout (Oncorhynchus clarki (Richard-
son, 1836)) arc a highly digestible, energy- and protein-rich
food resource that is readily accessible to grizzly bears
(Ursus arctos horribilis Ord, 1815) in the Greater Yellow-
stone Ecosystem (GYE) (Pritchard and Robbins 1990,

Mattson and Reinhart 1995). Until recently, Ycllowstone
Lake was the last pristine habitat for native Yellowstone cut-
throat trout (Kacding ct al. 1996). However, non-native lake
trout (Salvelinus namaycush (Walbaum in Artedi, 1792))
were discovered in 1994 and found in substantial numbers in
the lake in 1995. Because lake trout are cfficient predators
of cutthroat trout, lake trout have the potential to reduce the
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cutthroat trout population by 80%-90% (McIntyre 1995). A
decline of this magnitude may negatively impact 28 wildlife
species that feed on cutthroat trout, including the threatened
grizzly bear. Lake trout, unlike cutthroat trout that spawn in
small streams in late spring and summer, are not accessible
to bears and other wildlife because they spawn in the decper
water of the lake (Schullery and Varley 1996).

Previous studies of grizzly bear use of spawning cutthroat
trout in the tributarics of Yellowstone Lake found or sug-
gested that (7)) 59 of the 124 tributaries to the Lake contained
spawning cutthroat trout and 36 of those streams showed ev-
idence of fishing by bears, (i) a minimum of 44 individual
bears fished those strcams in 1987, (iii) female grizzly bears
used the vicinity of strecams more consistently and made
greater use of the spawning cutthroat trout than did malcs,
and (iv) 90% of the bears’ diet during the spawning scason
was cutthroat trout (Reinhart and Mattson 1990; Mattson
and Reinhart 1995). A more recent study conducted from
1997 to 2000 that used hair snares and DNA analyses identi-
fied 74 individual grizzly bears (64% male : 36% female)
and estimated that 60 bears per year (12%—18% of the GYE
grizzly bear population) visited the spawning streams and
immediate area around Yellowstone Lake during the cut-
throat trout spawning season (Haroldson et al. 2005).
Because of the large number of grizzly bears using the Yel-
lowstone Lake arca, determining the nutritional importance
of cutthroat trout to both individual grizzly bears and the

population is critical for evaluating the ecological impact of

the loss of this food resource.

Mattson and Reinhart (1995), in the most extensive study
of grizzly bear use of spawning cutthroat trout, made several
critical assumptions that, if incorrect, could lead to an over-
estimatc of the nutritional importance of cutthroat trout.
Those assumptions included the following: (i) bears that had
one or morc radiotelemetry relocations within 500 m of a
known spawning stream during the spawning season ate cut-
throat trout and (i) food habits estimated from feces col-

lected adjacent to spawning streams represented the diet of

all bears that had one or more relocations within 500 m of a
Spawning strcam.

To avoid making these assumptions while determining the
nutritional importance of cutthroat trout, we sought a predic-
tor of trout consumption that could be measured in grizzly
bear hair. Mercury, a biological contaminant that accumu-
lates in many aquatic ecosystems, is readily absorbed and
deposited in hair in proportion to its intake (Huckabee et al.
1973; Ben-David et al. 2001; Fournier et al. 2002). Recently,
Yellowstone Lake cutthroat trout were found to contain rcla-
tively high levels of naturally occurring mercury (W.C.
Shanks, letter to Yellowstone National Park Superintendent
Finley dated 9 September 1999). Thus, we hypothesized that
the mercury content of the hair of Yellowstone grizzly bears
could be a direct measurc of cutthroat trout intake il cut-
throat trout werc the only significant dictary source of that
clement.

Methods

Study area
The Greater Yellowstone Ecosystem (GYE) includes Yel-
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lowstone National Park (YNP) and Grand Teton National
Park and adjacent federal, state, and private lands in portions
of Montana, Wyoming, and Idaho. The GYE contains the
headwaters of three major continental-scale river systems:
the Missouri and Mississippi, Snake and Columbia, and
Green and Colorado rivers. Long, cold winters and short
summers characterize the climate of the GYE (Marston and
Anderson 1991). Grizzly bears use habitats that range from
1500 to 3600 m (Schwartz ct al. 2003). At low clevations,
foothill grasslands or shrub steppes occur. With increasing
moisture, open stands of Rocky Mountain juniper (Juniperus
scopulorum), limber pinc (Pinus flexilis), and Douglas-lir
(Pseudotsuga  menziesii) oceur.  Lodgepole pine  (Pinus
contorta) dominates at mid-clevations where poor soils
formed from rhyolite predominate. With increasing eleva-
tion, spruce—fir or subalpine forests dominate. Engelmann
spruce (Picea engelmannii) and whitebark pine (Pinus albic-
aulis) form the upper treeline. Alpine tundra occurs at the
highest reaches of all major mountain ranges (Patten 1963:
Waddington and Wright 1974; Despain 1990).

Yellowstone Lake is a high-clevation (2358 m), oligotro-
phic lake that covers 35 391 ha, has a mean depth of 42 m,
and has a basin capacity of 14 x 10 m* (Benson 1961). The
lake is usually frozen from December until May or June
(Reinhart and Mattson 1990). The Ycllowstone Lake water-
shed arca is estimated to be 261 590 ha. The west and north
drainages of the Yellowstone Lake basin contain small
streams draining from low-relief platcaus with lodgepole
pine forests and alluvial meadows, whereas the cast and
southeast drainages are characterized by higher relicf moun-
tain topography, closed-canopy mixed forests, and subalpine
slopes (Reinhart and Mattson 1990).

Field collection of bear foods

Major plant and animal foods consumed by grizzly bears
(Mattson et al. 1991) were collected throughout the GYE to
determine their mercury content and thereby  determine
whether cutthroat trout had a unique mercury signature rela-
tive to all other foods. Plant samples included whitebark
pinc nuts; the foliage of clover (Trifolium spp.), fireweed
(Epilobium angustifolium subsp. angustifolium), sticky gera-
nium (Geranium viscosissimum), horsclails (Equisetim arvense),
meadow thistle (Cirsium scariosum), strawberry (Fragaria

spp.), cow parsnip (Heracleum maximum), dandelion
(Taraxacum  spp.), lanccleal  springbcauty  (Clavionia
lanceolata), blucbells  (Mertensia  ciliata), sedges  (Carex

raynoldsii and C. praticola), and grasses (Bromus anomalous.
Phleum alpinum, Agropyron caninum, Poa spp.. Danthonia
spp., and  Festuca idahoensis); the bulbs or roots of
oniongrass (Melica  spectabilis), biscuitroot  (Lomatinm
triternatum), false truffles (Rhizopogon spp.), and yampa
(Perideridia gairdneri); and fleshy fruits or berrics from
huckleberry (Vaccinium globulare), currant (Ribes spp.).
strawberry  (Fragaria  spp.), serviceberry  (Amelanchier
alnifolia), roses (Rosa woodsii), and russcl buffaloberry
(Shepherdia  canadensisy (Mealey 1975; Kendall  1983:
Mattson et al. 1991). Collected animal matter included cut-
throat trout from [ spawning tributarics of Yellowstone
Lake and onc tributary of Trout Lake in the northeast corner
of YNP, lake trout, bison (Bison bison bison (Linnacus.
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1758)), clk (Cervus elaplus Linnacus, 1758), moose (Alces
alees  (Linnacus,  1758)), and  mule deer (Odocoileus
hemionus (Rafinesque, 1817)). All foods were stored frozen
at =20 °C.

Field collection and analysis of bear tissues

Grizzly bear hair samples were collected from May to
mid-August of 1997 through 2000 using hair snares scl
51 ¢m above the ground along cutthroat trout spawning
streams surrounding  Yellowstone  Lake (Haroldson ct al.
2005). The number of streams sampled per year ranged [rom
10 (o 19 and included both front country (West Thumb and
lake) and backcountry (Fast and West Shore) streams. Am-
plification of mDNA was used to identify hair samples to
species (Murphy et al. 2000), microsatellite loci were used
for individual identification (Woods et al. 1999). and poly-
merase chain reaction (PCR) co-amplification of X and Y
chromosomes was used for sex determination (Linnis and
Gallagher 1994). Female bears were identified by the pres-

ence of the X chromosome PCR product and the absence of

the Y chromosome PCR product. Male bears were identificd
by the presence of both X and Y chromosome PCR prod-
ucts. To minimize the possibility ol an error in sex identifi-
cation, all samples were genotyped a minimum ol two times.
It results were faint or ambiguous, a third PCR was al-
tempted. In over 200 analyses of samples of known sex. no
errors in sex identification have occurred using this protocol.
Field and laboratory methods are described in more detail in
Haroldson ct al. (2005).

All plant and animal tissue samples were [reeze-dried and
ground prior to mercury analysis. Hair samples collected
from the same bear in the same year were pooled and ana-
lyzed as a single sample. Hair samples collected from the
same bear in different years were analyzed separately (o
determine interannual variation in mercury content. Samples
were analyzed at the US Geological Survey laboratories in
Denver, Colorado. Samples were digested in a nitric acid —
sodium dichromate solution, diluted with 12 mL ol water,
preserved with a 1% nitrie acid - sodium dichromate solu-
tion, and analyzed for total mercury using continuous-flow
cold-vapor atomic absorption  spectrometry  using — a
PerkinElmer 30308 spectrophotometer (Kennedy and Crock
1987).

Feeding trials using captive grizzly bears
Six 3-year-old captive grizzly bears (three male and three
female siblings) were used in a year-long feeding trial to

determine the relationship between consumption rates of

mereury-contaminated trout and bioaccumulation ol mercury
in hair, plasma, and whole blood. Bears were housed at the
Washington State University Bear Research, Education, and
Conservation Facility in Pullman, Washington. Two bears
were born in captivity, two were wild-caught from the GYE,
and two were wild-caught [rom the Northern Continental Di-
vide Ecosystem. Bear mass ranged from 69 kg in the spring
to 136 kg in the fall,

In the summer of 2001, 2800 kg of lake trout and 360 kg
of cutthroat trout were collected [tom Yellowstone Lake.
These fish were gillnetted as part of the park’s annual effort
to control the lake trout population. Freshly netted fish were

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

495

Table 1. Mercury concentration in parts per billion (mean + SD,
100% dry matter basis) of foods fed to captive grizzly bears
(Ursus arctos horribilis) and consumed by grizzly bears in the
Greater Yellowstone Ecosystem.

Mercury

Sample content

Yellowstone animal matter
Cutthroat trout (Oncorhynchus clarki)
Gillnetted in Yellowstone Lake 530490 (6)
508+93 (16)

485 (2)

Caught in Yellowstone Lake spawning streams
Caught in Trout Lake spawning stream

Lake trout (Salvelinus namaycush)
Gillnetted in Yellowstone Lake 43060 (6)

Ungulates (bison, elk, moose, and mule deer) all <6 (10)

Yellowstone plant matter

Foliage, roots and bulbs, fruits and berries in.GYE all <6 (47)

Washington State University bear foods

White clover (Trifolium repens) 6 (1)

Apples (Malus spp.) <6 (2)
Commercial bear chow <6 (2)

Note: Numbers in parentheses are sample sizes.

stored frozen in waxed cardboard boxes and shipped to
Washington State  University, where they were  stored
(=20 °C) until fed o grizzly bears. In the feeding trials, we
wanted to simulate the normal time course of cutthroat trout
consumption by GYE grizzly bears. Although spawning
trout are available from as early as 4 May to as late as
17 August, the average duration of trout availability in 22
streams is 33 = 14 days, with peak spawning numbers occur-
ring from 4 June to 21 June (Haroldson ct al. 1999, 2000,
2001).

Thus., we began the feeding trials on 30 May 2002 and fed
fish to bears for 33 days. Onc male and onc female bear
were not fed fish and served as controls. The remaining
bears were fed either ad libitum (one male and one female)
or 50% ad libitum (one male and onc female). The two ad li-
bitum bears were housed in concrete-floored pens and fed
only trout during the 33-day experimental period. The two
bears recciving S0% ad libitum fish began eating | day later
than the ad libitum bears, as their daily fish allotment was
determined from the preceding day’s ad libitum intake.
Bears recciving fish were fed 89% lake trout and 11% cut-
throat trout, as not cnough cutthroat trout were available for
the entire trial. Prior to and after the 33 days of fish-fceding
(ad libitum bears) or throughout the study (for the (wo con-
trol bears and the 50% ad libitum bears), all bears were fed
limited amounts of low-mercury commercial bear chow
(21% crude protein, Command Chunk, Land O’ Lakes
Feeds, Scattle, Washington), apples, and grazed low-mercury
white clover (Trifolium repens) 12 hiday (Table 1).

Blood and hair samples were collected at the start of the
fecding trial, at the end of the 33 days of fish-feeding, and
once a month thercafter until the bears hibernated in carly
November. All hair mcasurcments were taken and samples
collected from captive bears along the middle of the back
where hair would be most likely sampled when wild bears
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moved under hair snares. Prior to the start of the feeding
trial, two 10 cm x 10 c¢m patches along the back of each
bear were shaved to simplify measurements and sampling of
newly growing hair. The length of newly growing hair was
measured during each sampling. The study complicd with
the principles and guidelines of the Canadian Council on
Animal Care and was approved by the Washington State
University Institutional Animal Care and Use Committee
(protocol ASAF 3181).

Statistical analyses

Linear least squares regression (PROC REG; SAS Insti-
tute Inc. 1998) was used to model the mercury relationships.
We used an ANOVA and least squares means to test for dif-
ferences between the mercury content of foods consumed by
Yellowstone grizzly bears and between the mercury content
of male and female grizzly bears (PROC GLM and LS
Means, SAS Institute Inc. 1998).

Results

Mercury in Yellowstone grizzly bear foods

The only significant source of mercury in foods consumed
by grizzly bears in the GYE was cutthroat trout (Table 1),
which contained a minimum of 88 times more mercury than
either plants or ungulates (F = 118.55, P < 0.0001). Gill-
netted cutthroat trout had slightly higher mercury concentra-
tions (530 + 90 ppb) than did cutthroat trout caught in
spawning streams (508 + 93 ppb) and gillnetted lake trout
(430 + 60 ppb), although these differences were not signifi-
cantly different (F = 1.45, P = 0.2972). Dry matter content
of spawning cutthroat trout was 27.8% =+ 2.0%. Spawning
cutthroat trout caught in the single spawning stream for
Trout Lake also had elevated mercury levels (Table I).

Mercury content of Yellowstone grizzly bear hair

Of the 74 bears identified from hair snares set on cutthroat
trout spawning streams flowing into Yellowstone Lake
(Haroldson ct al. 2005), 42 (19 males, 14 females, and 9 un-
knowns) left enough hair for mercury analyses (Fig. 1).
Most of the bears sampled (17 of 19 males, 11 of 14 fe-
males, and 8 of 9 unknowns) used backcountry strcams ex-
clusively. The hair mercury content ranged from 17 to
2600 ppb. Males had higher mean mercury concentrations in
their hair (526 + 639 ppb) than did females (134 + 282 ppb)
(F=4.93, P = 0.0336). Five bears (three malcs, one female,
and one unknown) were sampled in two successive years.
All five maintained qualitatively similar hair mercury con-
centrations between years. Of the bears of known sex with
2200 ppb mercury in their hair, 92% were males. Of bears of
known sex with <100 ppb mercury in their hair, 75% were
female.

Captive bear feeding trials

Blood mercury levels peaked at the end of trout-feeding
before declining toward background levels prior to hiberna-
tion (Fig. 2). Bear hair began growing in early May and con-
tinued growing into October at a rate of approximately
1.5 em/month. The mercury content of the hair grown by
each bear during a particular month tracked that bear’s aver-
age monthly plasma mercury content, with a considerable

Can. J. Zool. Vol. 82, 2004

enrichment in hair (Fig. 3). Mercury content of the fully
grown hair collected in October increased curvilincarly with
increasing fish and mercury intake (Fig. 4). However, the
curvilinearity was minimal and there was virtually no varia-
tion due to sex or any other variable except total fish and
mercury intake.

Estimates of cutthroat trout intake by Yellowstone
grizzly bears

We estimated intake of cutthroat trout for cach wild griz-
zly bear by solving the equation in Figurce 4B for the ob-
served hair mercury concentrations (Fig. 1). Annual intake
ranged from 2.4 to 1090 g cutthroat trout/kg bear. Mean an-
nual fish intake by male grizzly bears was over 5 times
greater (135 g/kg bear) than the mean annual [ish intake by
females (26 g/kg bear).

Discussion

All grizzly bears identified by hair samples as having
been at spawning cutthroat trout strcams consumed trout, as
indicated by elevated mercury signaturcs. However, our data
indicated that male grizzly bears were the primary consum-
ers of cutthroat trout, in contrast to the conclusion of
Reinhart and Mattson (1990) and Mattson and Reinhart
(1995) that females fed more heavily on trout. While there
may be many potential explanations for the contradictory
findings, the most likely oncs include (i) the differing meth-
ods and assumptions in the (two types of studies and (i7) a
significant decline in cutthroat trout between 1975-1989
(Reinhart and Mattson 1990; Mattson and Reinhart 1995)
and 1997-2000 (current study), with a resultant change in
bear behavior. As for the differing methods and assumptions,
Reinhart and Mattson (1990) estimated sex and age compo-
sition of bears ncar strcams based on track analyses, and
Mattson and Reinhart (1995) used telemetry locations to de-
terminc proximity of collared bears to trout streams. Both
authors inferred cquality between time spent by bears in
proximity to spawning streams and trout ingestion, although
they lacked any support for that claim. Our results indicate
that proximity as determined by their 500 m threshold is not
proportional to level of consumption.

A major assumption of our mercury accumulation method
was that the mercury concentration in hair collected from
wild bears from May to mid-August had the same relation-
ship to cutthroat trout intake as that generated using hair col-
lected from captive bears in October (i.c., Fig. 4). Grizzly
bear hair collected adjacent to spawning strcams in May
through July was very likely fully grown hair from the pre-
ceding year, i.e., October hair. Bears have onc molt/ycar in
which new hair starts growing in latc spring and summer as
abundant, high-protein foods arc consumed, and old hair is
not lost until new hair is well along in its growth cycle.
Thus, it is unlikely that the hair caught in the Yellowstone
hair snares grew prior to the bears’ feeding on spawning cut-
throat trout and therefore carried an unrepresentative or ab-
normally low mercury signature. Because newly growing
hair takes up the trout mereury signature very quickly
(Figs. 2 and 3), any new hair snagged late in the spawning
season (i.e., August) after the old hair had been shed would
carry a mercury signature slightly higher than that of fully

© 2004 NRC Canada

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Felicetti et al.

497

Fig. 1. The amount of mercury (100% dry matter basis) in hair collected from 42 grizzly bears (Ursus arctos horribilis) that encoun-
tered hair snares adjacent to cutthroat trout (Oncorhynchus clarki) spawning streams flowing into Yellowstone Lake between 1997 and
2000. The dark bar at the far left of the top graph is the background level of 6 ppb.
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grown October hair. This occurs because the hair produced
alter trout-leeding has a decereasing mercury content that ul-
timately dilutes the higher hair mercury levels produced dur-
ing (rout-feeding. However, this crror is relatively small
(~8% for the captive bears when comparing hair collected in
carly August and early October) and should not differ be-
tween males and females.

Another major assumption in the current study was that
bears visiting hair snares and leaving samples adequate for
mercury analyses were representative ol all bears that were
fishing. "The possibility exists that bears proficient at fishing
avoided hair snares and, therefore, did not leave enough hair
for mercury analyses. Although we recognize the possibility
of this crror, the chances of a significant error scem small, as
barbed wire hair snarcs were stretched diagonally across

bear trails or known fishing spots to purposefully sample as
many bears as possible (Haroldson ct al. 2005).

As for the possibility that a potential decline in numbers
of cutthroat trout could explain the contradictory results, the
pcak numbers and duration of spawning declined signifi-
cantly between 1985-1987 and 1997-2000 in the streams of
the West Thumb arca (Haroldson et al. 2005). This was
likely due to the high concentration of lake trout in that arca.
However, peak numbers and duration of spawning in East
and West Shore backcountry streams remained constant or
even increased during the same time frame (Haroldson et al.
2005). Because peak numbers and duration of spawning of
cutthroat trout in a particular stream are indices only, we
cannot cxclude the possibility of a lake-wide decline in cut-
throat trout numbers affecting bear behavior. For example,
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Fig. 2. The relationships between Yellowstone Lake trout con-
sumption and captive grizzly bear plasma and whole blood mer-
cury concentrations. Trout were fed in the ratio of 89% lake
trout (Salvelinus namaycush) and 11% cutthroat trout and had a
dietary mercury concentration of 441 ppb. Trout were fed at ad
libitum (two bears) and 50% ad libitum (two bears) levels.
Trout-feeding occurred between 30 May and 1 July 2002, before
and after which low-mercury foods were fed. Two bears (con-
trols) received no trout and were fed low-mercury foods through-
out the study. The numbers accompanying each line are the
amounts of mercury (mg) in trout consumed per bear during the
entire 33-day feeding trial.
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total cutthroat trout numbers counted at a weir on Clear
Creck, a backcountry East Shore stream, were over 58 000
in 1987 but had declined to a maximum of 14 000 per yecar
between 1997 and 2000 (Yellowstone Center for Resources
2002). Thus, we cannot dismiss the possibility that the dif-
ferences between the conclusions of the current study and
those of Reinhart and Mattson (1990) and Mattson and
Reinhart (1995) are real and can be attributed to a declining
cutthroat trout population.

Can. J. Zool. Vol. 82, 2004

Fig. 3. The average monthly mercury content of grizzly bear
plasma and the mercury content of the hair grown during that
month in six captive grizzly bears fed varying levels of lake and
cutthroat trout.
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While others have compared the cutthroat trout spawning
streams of Yellowstone Lake with the salmon spawning
streams of Alaska (Craighcad ct al. 1995: Mattson and
Reinhart 1995), the two can be quite different both tempo-
rally and spatially. Cutthroat trout spawning occurs primarily
in spring and carly summer, whereas salmon spawning oc-
curs primarily in summer and fall. Bears have very different
food drives during those scasons (Hilderbrand et al. 1999«).
Also, cutthroat trout spawning streams are typically smaller
than salmon spawning strcams and thus contain a potentially
valuable food resource that is spatially delendable. Adult
male grizzly bears would be expected to dominate such a
food resource (Stonorov and Stokes 1972: Jacoby ¢t al.
1999), especially if availability is less than male require-
ments.

Our results may help clarify anomalics in Mattson and
Reinhart’s (1995) obscrvations that [emales living in the vi-
cinity of cutthroat trout spawning streams [irst reproduccd al
a later age and had smaller litters than females elsewhere in
the Greater Yellowstone Ecosystem. They had difficulty ra-
tionalizing these observations relative to their conclusion
that female grizzly bears consuming trout should have been
in better condition and, thercefore, more productive than
those not cating [ish. Our data suggest that trout are not con-
sumed in large quantitics by most female grizzly bears and,
thus, females living in the Yellowstone Lake arca have a
poorer quality dict than suggested by Mattson and Reinhart
(1995).

Using data from Reinhart and Mattson (1990), Mattson
and Recinhart (1995), and Mattson (1997), Stapp and

© 2004 NRC Canada

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Felicetti ot al.

Fig. 4. The relationships between mercury consumption, hair
mercury concentration, and Yellowstone Lake cutthroat trout in-
take by six captive grizzly bears. The hair was collected in early
October and, therefore, is fully grown hair. Trout were fed in the
ratio of 89% lake trout and 11% cutthroat trout and had a di-
etary mercury concentration of 441 ppb. Trout were fed at ad
libitum (two bears) and 50% ad libitum (two bears) levels.
Trout-feeding occurred between 30 May and 1 July 2002, before
and after which low-mercury foods were fed. Two bears (con-
trols) received no trout and were fed low-mercury foods through-
out the study. The cutthroat trout intake values associated with a
given hair mercury concentration are adjusted for the difference
in the mercury concentration between the mixed lake trout — cut-
throat trout diet fed during the study (441 ppb) and that of
spawning Yellowstone Lake cutthroat trout (508 ppb dry mass or
141 ppb fresh mass) (Table 1). All other foods consumed by
both wild and captive bears contained <6 ppb mercury. Fish and
mercury intakes are based on the mean body masses of the cap-
tive bears during the 33 days of trout feeding.
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Hayward (2002) cestimated that Yellowstone grizzly bears
annually consume 20910 spawning cutthroat trout, or ap-
proximately 1.6% of the spawning population. The mercury-
basced estimates of annual trout intake from this study for an
average adult male (195 kg) and female (135 kg) in the GYE
(Blanchard 1987) are 20 and 4 kg of fish/bear, respectively.
Based on an average cutthroat trout mass ol 468 ¢ (Stapp
and Hayward 2002), adult male and female grizzly bears in
our sample consumed an average ol 55 and 8 trout/year, re-
spectively. The maximum trout intake for the male with the
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highest hair mercury level was 180 kg (385 fish) and that for
the female with the highest hair mercury level was 44 kg (94
fish). Based on an annual visitation of the strcams by ap-
proximately 60 grizzly bears, 38 males and 22 females
(Haroldson ct al. 2005), and the average trout intake by
adult male and female grizzly bears, 2266 cutthroat trout
would be consumed: 2090 trout by male grizzly bears and
176 trout by female grizzly bears. This level of grizzly bear
trout consumption is only 1% of that cstimated by Stapp
and Hayward (2002) and <2% ol the amount of cutthroat
trout being consumed by lake trout (Ruzycki ct al. 2003).

Potential explanations for the differing estimates ol fish
intake by grizzly bears between Stapp and Hayward (2002)
and the current study include (7)) the dilfering methods and
assumptions and (i) a significant decline in cutthroat trout
between 1975-1989 (Reinhart and Mattson [990; Mattson
and Reinhart 1995) and 1997-2000 (current study) lcading
to a dramatic decline in grizzly bear consumption. The ma-
jor assumptions leading to the high fish intake cstimates of
Stapp and Hayward (2002) were that any bear identified
within 500 m ol a spawning cutthroat trout stream consumed
trout and that cutthroat trout composed 90% of their energy
intake. Our results do not support cither assumption.

As discussed carlicr, a major assumption ol this study is
that hair collected rom wild grizzly bears was either the
preceding year’s {ully grown hair or new hair that was col-
lected alter most of the annual trout intake had occurred. Ei-
ther the old or new hair in these situations would be labeled
with a mercury concentration indicative of the actual amount
of trout ingested based on the captive bear standards il the
hair was growing during trout consumption (i.c., Fig. 4). Al-
though some of the hair samples collected from wild bears
in August could have been new hair, trout intake cstimates
using those samples would overestimate the true cutthroat
trout intake by approximately 8% and, therefore, would not
contribute to the current low estimates.

In summary, we cannot exclude the possibility of a sys-
tematic crror in any study (Reinhart and Mattson 1990,
Mattson and Reinhart 1995; current study) Ieading to errone-
ous conclusions. Similarly, the conclusions of all studics
may be correct and indicative of the ongoing cffects of a de-
clining cutthroat trout population on Yellowstone grizzly
bears. An additional study is needed to test the assumptions
of cach study and to determine the nutritional and ecological
value of spawning cutthroat trout to Yellowstone grizzly
bears while significant populations ol cutthroat trout remain.

Because bioaccumulation of mercury is relatively high in
aquatic food systems, the estimation of fish intake by grizzly
bears {rom mercury concentrations may cxtend beyond the
GYE and Ycllowstone Lake (Clarkson 1992; Dulfy ct al.
1998: Ben-David et al. 2001; Bowles ¢t al. 2001). For cxam-
ple, if spawning salmon (Oncorhynchus spp.) arc the only
significant contributor of mercury to salmon-feeding brown
bear populations, hair mercury levels would be useful for
quantifying the amount of salmon consumed by bear popula-
tions in Alaska and Canada (Ben-David ct al. 2001, current
study). Previous estimates of salmon intake by bears re-
quired multiple captures of the same bear (Hilderbrand et al.
19995h). Estimates based on hair mercury levels and appro-
priately timed captive bear feeding trials would require only
one capture or could be done remotely with hair snares.
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Finally, significant mercury consumption and accumula-
tion could have negative health consequences for Yellow-
stone grizzly bears (Lippmann 2000; Fournier et al. 2002).
Because no controlled studies have examined the interaction
of mercury intake and reproduction by grizzly bears, we
cannot exclude the possibility that the reduced reproductive
success reported by Mattson and Reinhart (1995) for adult
females living in the Yellowstone Lake arca relative to the
rest of the ecosystem was duc to the negative consequences
of mercury ingestion. However, captive adult grizzly bears
(n = 6) other than those used in this study that were fed large
amounts of salmon (240 ppb mercury) over multiple years
had hair mercury concentrations of 4778 + 631 ppb. These
bears appear completely healthy, are now 18 years old, and
have produced numerous sets of healthy twin cubs (L.A.
Felicetti and C.T. Robbins, personal communication). The
hair mercury levels of the captive bears were 9-35 times
higher than those of male and female grizzly bears in Yel-
lowstone. Thus, we do not expect detrimental health conse-
quences associated with the levels of mercury consumption
currently occurring in the grizzly bears of the Greater Yel-
lowstone Ecosystem.

Acknowledgements

Funding or personnel support were provided by the US
Geological Survey Central Region and Northern Rocky
Mountain Science Center, the Raili Korkka Brown Bear and
Nutritional Ecology Endowments at Washington State Uni-
versity, Wyoming Gamec and Fish Department, Yellowstonc
National Park, US Fish and Wildlife Service, Montana De-
partment of Fish, Wildlife and Parks, Grand Teton National
Park, Idaho Fish and Game Department, US Forest Service,
and the Interagency Grizzly Bear Committee. P. Hageman
helped with sample analyses. We appreciate the helpful re-
views of M. Ben-David and P. Stapp.

References

Ben-David, M., Duffy, L.K., Blundell, G.M., and Bowyer, R.T.
2001. Natural exposure of coastal river otters to mercury: rela-
tion to age, dict and survival. Environ. Toxicol. Chem. 20:
1986-1992.

Benson, N.G. 1961. Limnology of Yellowstone Lake in relation to
the cutthroat trout. U.S. Fish Wildl. Scrv. Res. Rep. 56: 1-38.
Blanchard, B.M. 1987. Size and growth patterns of the Yellow-
stone grizzly bear. In Bears — Their Biology and Management:
Proceedings of the 7th International Conference on Bear Re-
search and Management, Williamsburg, Va., 21-26 February
1986, and Plitvice Lakes, Yugoslavia, 2-5 March 1986. Edited
by P. Zager. International Association for Bear Research and
Management, Washington, D.C. [Available from Terry D.
White, Department of Forestry, Wildlife, and Fisheries, The
University of Tennessee, P.O. Box 1071, Knoxville, TN 37901-

1071, USA.]

Bowles, K.C., Apte, S.C., Maher, W.A., Kawei, M., and Smith, R.
2001. Bioaccumulation and biomagnification of mercury in
Lake Murray, Papua New Guinea. Can. J. Fish. Aquat. Sci. 58:
888-897.

Clarkson, T.W. 1992. Mercury: major issues in environmental
health. Environ. Health Perspect. 100: 31-38.

Can. J. Zool. Vol. 82, 2004

Craighead, J.J., Sumner, J.S., and Mitchell, J.A. 1995. The grizzly
bears of Yellowstone. Island Press, Washington, D.C.

Despain, D.G. 1990. Yellowstone vegetation: consequences of en-
vironment and history in a natural setting. Roberts Rinchart
Publishing Company, Boulder, Colo.

Duffy, L.K., Rodgers, T., and Patton, M. 1998. Regional health as-
sessment relating to mercury content of fish caught in the
Yukon-Kuskokwim Delta river system. Alaska Med. 40: 70-75.

Ennis, S., and Gallagher, T.F. 1994. PCR based sex determination
assay in cattle based on the bovine amclogenin locus. Anim.
Genet. 25: 425-427.

Fournicr, K., Karasov, W.H., Kenow, K.P., Mcyer, M.W., and Hines,
R.K. 2002. The oral bioavailability and toxicokinetics of methyl-
mercury in common loon (Gavia immer) chicks. Comp.
Biochem. Physiol. A, 133: 703-714.

Haroldson, M.A., Rcinhart, D.P., Gunther, K.A., and Waits, L.
1999. Spawning cutthroat trout numbers on tributary strcams to
Yellowstone Lake and grizzly bear usc of spawning trout. In
Ycllowstone grizzly bear investigations: annual report of the In-
teragency Grizzly Bear Study Team, 1998. [dited by C.C.
Schwartz and M.A. Haroldson. US Geological Survey,
Bozeman, Mont. pp. 33-40.

Haroldson, M.A., Podruzny, S.R., Reinhart, D.P.,, Gunther, K.A.,
Cegleski, C., and Waits, L. 2000. Spawning cutthroat trout num-
bers on tributary streams to Yellowstone Lake and grizzly bear
use of spawning trout. /n Yellowstone grizzly bear investiga-
tions: annual report of the Interagency Grizzly Bear Study
Team, 1999. Edited by C.C. Schwartz. and M.A. Haroldson. US
Geological Survey, Bozeman, Mont. pp. 29-35.

Haroldson, M.A., Podruzny, S.R., Reinhart, D.P., Gunther, K.A,
and Waits, L. 2001. Spawning cutthroat trout numbers on tribu-
tary streams to Ycllowstone Lake and grizzly bear use of spawn-
ing trout. /n Yellowstonc grizzly bear investigations: annual
report of the Interagency Grizzly Bear Study Team. 2000.
Edited by C.C. Schwartz and M.A. Haroldson. US Geological
Survey, Bozeman, Mont. pp. 37-43.

Haroldson, M.A., Gunther, K.A., Reinhart, D.P., Prodruzny. S.R.,
Cegelski, C., Waits, L. ct al. 2005. Estimates of grizzly bear
numbers visiting Yellowstone Lakc spawning strcams using
DNA. Ursus (Knoxville), 16. In press.

Hilderbrand, G.V., Jenkins, S.G., Schwartz, C.C., Hanley, T.A., and
Robbins, C.T. 1999«. Effect of scasonal differences in dictary
meat intake on changes in body mass and composition in wild
and captive brown bears. Can. J. Zool. 77: 1623~1630.

Hilderbrand, G.V., Schwartz, C.C., Robbins, C.T., Jacoby, M.E.,
Hanley, T.A., Arthur, S.M., and Servheen, C. 1999). The impor-
tance of meat, particularly salmon, to body sizc. population pro-
ductivity, and conservation of North Amcrican brown bears.
Can. J. Zool. 77: 132-138.

Huckabee, J.W., Cartan, F.,, and Kennington, G. 1973. Environmen-
tal influences on trace elements in hair of 15 specics of mam-
mals. U.S.A.E.C. Res. Dev. Rep. ORNL TM-3747.

Jacoby, M.E., Hilderbrand, G.V., Servheen, C., Schwartz, C.C., Ar-
thur, S.M., Hanley, T.A. ct al. 1999. Trophic rclations of brown
and black bears in several western North American ccosystems.
J. Wildl. Manag. 63: 921-929.

Kaeding, L., Boltz, G.D., and Carty, D.G. 1996. Lake trout discov-
cred in Yellowstone Lake threaten native cutthroat trout. Fish-
eries (Bethesda), 21: 16-20.

Kendall, K.C. 1983. Usc of pine nuts by grizzly bears and black
bears in the Yellowstonc area. /n Bears — Their Biology and
Management: Proceedings of the Sth International Conference
on Bear Rescarch and Management, Madison, Wis., 10~13 Feb-
ruary 1980. Edited by E.C. Meslow. International Association

© 2004 NRC Canada

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Felicetti et al.

for Bear Rescarch and Management, Madison, Wis. |Available
from Terry D. White, Department of Forestry, Wildlife, and
Fisheries, The University of Tennessee, P.O. Box 1071, Knox-
ville, TN 37901-1071, USA.]

Kennedy, K.R., and Crock, J.G. 1987. Determination of mercury in
geological materials by continuous-{low, cold-vapor, atomic ab-
sorption spectrophotometery. Anal. Lett. 20: 899-908.

Lippmann, M. 2000. Environmental toxicants: human exposures
and their health effects. Wiley Interscience, New York.

Marston, R.A., and Anderson, 1LE. 1991, Watersheds and vegeta-
tion of the Greater Yellowstone Ecosystem. Conserv. Biol. 5:
338-340.

Mattson, D.J. 1997, Use of ungulates by Yellowstone grizzly bears
(Ursus arctos). Biol. Conserv. 81: 161-177.

Mattson, D.J., and Rcinhart, D.P. 1995, Influences of cutthroat
trout (Oncorhynchus clarki) on behaviour and reproduction of
Yellowstone grizzly bears (Ursus arctos), 1975-1989. Can. J.
Zool. 73: 2072-2079.

Mattson, D.J., Blanchard, B.M.,; and Knight, R.R. 1991. Food hab-
its of Yellowstone grizzly bears, 1977-1987. Can. J. Zool. 69:
1619-1629.

Mcintyre, J.D. 1995, Review and assessment of possibilities for
protecting the cutthroat trout of Yellowstone Lake from intro-
duced lake trout. In The Yellowstone Lake crisis: confronting a
late trout invasion. Edited by ).D. Varley and P. Schullery. Na-
tional Park Service, Yellowstone National Park, Wyo. pp. 28-33.

Mealey, S.P. 1975, The natural foods habits ol free-ranging grizzly
bears in Yellowstone National Park. M.Sc. thesis, Montana State
University, Bozeman, Mont.

Murphy, M., Waits, [..P., and Kendall, K. 2000. Quantitative cvalu-
ation of drying mecthods for brown bear fecal samples. Wildl.
Soc. Bull. 28: 951-957.

Patten, DT, 1963, Vegetational pattern in relation to environments
in the Madison Range, Montana. Ecol. Monogr. 33: 375-406.
Pritchard, G.T., and Robbins, C.'T. 1990. Digestive and metabolic
cfficiencics of grizzly and black bears. Can. J. Zool. 68: 1645—

1651,

Reinhart, D.P., and Mattson, D.J. 1990. Bear usc of cutthroat trout
spawning streams in Yellowstone National Park. /n Bears —
Their Biology and Management: Proceedings of the 8th Interna-
tional Conference on Bear Rescarch and Management, Victoria,

501

B.C., 20-25 Fcbruary 1989. Edited by L.M. Darling and W.R.
Archibald. International Association for Bear Rescarch and
Management, Washington, D.C. [Available from Terry D.
White, Department of Forestry, Wildlile, and Fisherics, The
University of Tennessee, P.O. Box 1071, Knoxville, TN 37901 -
1071, USA.]|

Ruzycki, J.R., Beauchamp, D.A., and Yule, D.L. 2003. Elfects of
introduced lake trout on native cutthroat trout in Yellowstone
Lake. Ecol. Appl. 13: 23-37.

SAS Institute Inc. 1998. SAS user’s guide: statistics. SAS Institute
Inc., Cary, N.C.

Schullery, P., and Variey, I.D. 1996. Cutthroat trout and the Yel-
lowstone Ecosystem. /n The Yellowstone Lake crisis: confront-
ing a late trout invasion. Edited by J.D. Varley and P. Schullery.
National Park Service, Yellowstone National Park, Wyo. pp. 12—
21.

Schwartz, C.C., Haroldson, M.A., Gunther, K.A., and Moody, D.
2003. Distribution of grizzly bears in the Greater Yellowstone
Ecosystem, 1990-2000. Ursus (Knoxville), 13: 203-212.

Stapp. P., and Hayward, G. 2002. Estimates of predator consump-
tion of Yellowstone cutthroat trout in Ycllowstone Lake. J.
Freshw. Ecol. 17: 319-329.

Stonorov, D., and Stokes, A.W. 1972. Social behavior of the Alas-
kan brown bear. /n Bears — Their Biology and Management:
Proceedings of the 2nd International Conference on Bear Re-
scarch and Management, Calgary, Alta.,, 6-9 November 1970,
LEdited by S. Herrero. International Union for Conservation of
Nature and Natural Resources, Morges, Switzerland. |Available
from Terry D. White, Department of Forestry, Wildlife, and
Fisheries, The University of Tennessee, P.O. Box 1071, Knox-
ville, TN 37901-1071, USA.]

Waddington, J.C.B., and Wright, H.E., Jr. 1974. Late Quaternary
vegetational changes on the cast side of Yellowstone Park, Wyo-
ming. Quat. Res. 4: 175-184.

Woods, I.G., Pactkau, D., Lewis, D., McLcllan, B.N., Proctor, M.,
and Strobeck, C. 1999. Genetic tagging of free-ranging black
and brown bears. Wildl. Soc. Bull. 27: 616-627.

Yellowstone Center for Resources. 2002. Yellowstone Center for
Resources annual report, 2000. National Park Service, Yellow-
stone National Park, Wyo.

© 2004 NRC Canada

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




