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Gelation between Trophic Position and Mercury
Accumulation among Fishes from the Tongue River
Reservoir, Montan
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Cancenirations of total mercary were determined in muscle tssue from northern pike
tEsox fncinsy, sauger (Stizosiedion canadensel, walleye 3. virream}, black crappie
Pomoviy wigromacnfaiesy, and white crappie 1P, annuluris) collected from the Tongue
River Reservoir, Montana, prior (o sxlensive surface coal-mine development i the region.
Mercury concentrations in fish flesh increased with fish size and sge; larger individuals of all
five species exceeded the U5, Food and Drug Adminisiration’s mercury coneeniration
guideling of (.3 pye. The rate of mercury accumuiation was faster in the pisciverous species
(northern pike, saugers, and walleyes) than n the planktivores (black crappies and white
crappies), Differences in mereury uprake rales among the various species appeared 10 b
directly related o the quaniity of mercury ealen: results are discussed in relation to pube
lished models of mercury accumulation by fishes.

INTRODUCTION

The expansion of energy development, particularly surface coal mining, in the
western United States has ereated 2 need for information on the effects of these
activities on the introduction of metals into natural waters. Preliminary studies
have shown that mercury occurs in western coal (Chadwick er al., 1975} and that
fsh reared in water decanted from a western coal mine accumulate mercury
(Phillips and Gregory, 1979). We measured the concentrations of mercury in fishes
from the Tongue River Reservoir, Montana, to determine whether a mergury
nroblem existed in the reservoir before large-scale coal mining occurred i the
walershed: of particular interest was the relation between trophic position and
rate of mercury accumulation among fish species from the reservoir.

Merciry in aguatic environments. Methylmercury is the most (oxic and most
readily accumulated form of mercury {Clarkson, 1973} and is the predominant
mercurial present in fish tssue (Westoo, 1973: Uthe ¢ af., 1973). Further, mi
croorganisms that occur in most natural walers can convert inorganic mercury
methylmercury {Wood er af., 1968, Jensen and Jernelov, 19691, Human poisonings
resulting from consumption of fishes or shellfishes contaminated with methylmer-
cury have occurred in several countries (National Academy of Sciences, 1978}
because of the hazards of consuming methyimercury, the .8, Food and Drug
Administration {FDA) has established a concentration of 0.5 ug Hg/g as the high-
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Fig 1. Tengue River Rescrvelr. Montana, and nearby surface coal mines.

est allowable level for mercury (assumed to be methyimercury) in food (FDA,
1974). We assumed that most of the mercury in the flesh of Tongue River Keser-
veir fishes was methyimercury.

Study area. The Tongue River Reservoir is a major agricultural storage im-
poundment about 10 km north of the Montana - Wyoming border near the town of
Decker. Montana (Fig. ). Water in the reservoir is provided from the Tongue
River. which originates on the gast slopes of the Bighorn Mountains in northcen-
tral Wyoming. The river moves acrtheastward through the coal fields of eastern
Wyoming and Montana, finally reaching its confluence with the Yellowstone
River near Miles City, Montana.
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Mining operations on both the east and west sides of the reservoir are currently
discharging disturbed groundwater into the Tongue River pear the upstream end
of the reservoir (Fig. 1): although dilution nepates any detectable influence on the
water guality of the reservoir (Whalen, 1979, expunded mining could conceivably
increment the current rate of mercury dissolution to the reservoir.

The reservoir supporis a warm-water fishery thal includes black crappie
(Pomoxis nipromoculatus), white crappie (F. annularis), sauger {Niizostedion
canadense), walleye (8. vitreunt), and northern pike (Esox (ucius). These species
were chosen for this study because they are frequently caught and consumed by
sport fishermen.

MATERIALS AND METHODS

We collected fish from the Tongue River Reservoir during spring and summer
1978, using trap nets or gill nets: nets were selin fate afternoon, fished overnight,
and lified the following morning. All fish were weighed and measured at caplure;
samples were selected 1o include a wide range of sizes, Morthern pike were angs-
thetized with MS-222 at capture, and a muscle sample (about 0.5 g) was surgically
removed from a dorsolateral section of the trunk, adjacent to the spine; the pike
were released after surgery, All other species were sacrificed and iced, and #
dorsolateral muscle sample was removed from sach fish within a few hours. The
tissue samples were bagged, frozen, and stored for subsequent mercury analyses,

Previous age and growth studies conducted on Tongue River Keservolr fishes
provided estimates of age for black and while crappies (Blser 27 gf., 19771 and for
walleye and saugers {Riggs, 1978). No age and growth studies of northern pike in
the Tongue River Reservoir have been compleied; however, ages of pike were
estimated from the work of Van Eagel {1940}, who recorded ages of pike from
Wisconsin lakes that were at a latitude similar to that of the Tongue River Keser-
Vo,

Total mercury in fish tissue was determined using a Varian Model A KB atomic
absorption spectrophotometer. Samples were combusted in oxvgen (no extraction
yequired) and the evolved mercury was concentrated on a gold-plated carbon rod
atomizer tube. The gold tube was heated and the mercury released was guantified
in an absorption cell (Siemer and Woodnft, 1974). Every fifth sample was cali-
hrated against tissue samples of known mercury content ghiained from the U5,
National Burean of Standards. Precision was estimated at =0.01 ug Hg/g based on
the standard deviation of repeated analyses of the same sample. All mercury
concenirations are reported in terms of wet weight.

RESULTS AND DISCUSSION

Mercury concentrations in muscle tissue from all five species of Tongue River
Reservoir fishes increused with fish length (Fig. 2). Data are best described expo-
nentially by regressions of the form log ¥ = ¢ + by, where & > O hinear regres-
sions resulted in poorer correlations. According to these regressions, the average
lengths (mum) at which different species of fish began 1o exceed the FIIA guideline
0.5 pug Hg/g) were female northern pike, 830: male northern pike, 773; maie
aorthern pike and female northern pike combined, 806 walleye, 837, sauger, 345,
black crappie, 403: und white crappie, 343, The trend toward increasing mercury
content with fish size has been noted by others fe.g.. Bache ¢ ol 1971
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SSTIMATED FISH AGE [YEARS)
Fie, 3. RBelation bebween estimated age of Toague River Beservolr fishes and fota!l mercury Conoen-
tration in the feshl age ostimalds Worw from Blser of wf. (19773, Riggs (1978} and Yan Engel {1948,

Fagerstrom er af,, 1974 Scati, 1974; Potter ef ¢f ., 1975} and is primarily a result of
the iong biological hal-time of methylmercury in fishes (Jarvenpaa ¢f al., 187
Giblin and Massaro, 1972): fish retain previously assimilated mercury while con-
tinuing to accumulate more.

Wale northern pike contaiped higher mercury concentrations than did females
of similar length (Fig. 2. This trend was a cesult of the slower growth of males
relative 1o females (Johnels 7 af. 1967. Oisson and Jensen, 1975).

Mercury concentrations in some individuals of all the species analyzed ex-
ceeded the FDA guideline. Maximum mercury concentrations (ug Hy/g) observed
were as follows: northern pike, 1.53; sauger, 1.40. walleye, 1.390; black crappie,
0.64; and white crappie, 0.60. Mercury concentrations in northern pike were
particularly highy 29% of the pike analyzed exceeded the FDA guideline. A
hazardous situation could develop if expanded coal mining mcreases mercury
concentrations in the reservoir. Current mine discharges should be monitored for
mercury so that the situation can be evatuated before expansion oCours.

A comparison of the ages of Tongue River Reservoir fishes with their mercury
content (Fig. 3y shows that northern pike and savgers accumulated mercury nearly
twice as fast as did the two species of crappie; the rate for walleyes was inter-
mediate. Ages {vears) al which fish began to exceed the FDA guidetine were Vi
for northern pike and saugers, Vil for walteves, and VI for the two crappie
species. Morthern pike, saugens, and walleves are highly piscivorous whereas
crappies. in the Tongue River Reservoir, feed almost exclusively on zooplankion.
Because forage fish contain much higher concentrations of methyimercury than
do zoopiankion feaders (Jernelov and Lann, 1971 Uox e? al., 19753, pike, walleye,
and spuger ConsuMme more methylmercury than black or white crappie. Moreover.
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pike are farger than walleyes or sangers al 4 given ape amd are 1hus cupable of
feeding on larger, and therelore more heavily contaminuied forage fish Yarious
authors have shown that northern pike often atlain higher concentrations of mer-
cury than other fish species in the same environment (Lockhart o al., 1972;
Fagerstrom and Asell, 1973 Jernelov of al., 1975 Olsson and Jeasen, 1975
Although we did not gquanufy either component of mercury uplake, we did show

that piscivorous fish species from the Tongue River Reservoir accumulale mer-
cury faster thun do plankiivores. Thiv result sirongly suggests thal piscivorous
fishes derive af least part of their body burden of mercury from thew dist,
Norstrom e7 of, (1976 estimated that Ottawa River (Canada) yellow perch (Percu
Hlavescens)y derived ubout 60% of their 1otal methylmercury burden from their
diet; they assumed that the fish assimitaied 8097 of the methyimercury they in-
gested and 129 of that passing over the gills. Conversely, Fagerstrom and Asell
(1973} attributed most of the methylmercury in northern pike from swedish lakes
15 upiake from water; they assumed thal the fish assimilated 15% of the methyl-
mercury in the diet and 1007 of that tin water) passing over the respiralory
surfaces. Recent laboratory studies have demonstrated that rambow trout (Salmo
wairdneriy assimilated 10~ 129 of the methylmercury passing over their gilhs (Phib
fips and Buhler, 1978} and that northern pike accumulated 15-20% of the methyl-
mercury they ingested (Phillips, 1978): in the iater experiment, dietary methyl
mercury was fed to northern pike in the form of young-of-the-year carp that had
sccumulated mercury while 1o u natural environment,

We helieve that MNorstrom of «f ) (1976 are Correct 1o Use 129 for gfficiency of
respiratory methylmercury assimilation and that Fagerstrom and Asell (1573) have
correctly used a 149 efficiency for assimilation of dietary methylmercury. How-
ever, incorrect cosfficients have been incorporated inte both of the above maodels
10 deserihe the second component of methylmercury upiake, We conclude that
plankiivores derive most of their methyimercury body burden from water but that
piscivores receive a significant amount from both diet and water.
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