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Project Description
Concentrations of methylmercury in game fish vary widely among lakes of the Voyageurs National Park in northern Minnesota.  Northern pike (Esox lucius) from some lakes in the Park contain the highest concentrations of mercury reported in the state, prompting concerns about potential health and ecological risks of consuming fish from Park lakes.  This study is part of a collaborative interdisciplinary investigation involving the University of Wisconsin-La Crosse, U.S. Geological Survey, Minnesota Pollution Control Agency, and National Park Service.  To date, the overall goal of this investigation has been to identify ecosystem processes and factors controlling variation in methylmercury concentrations in game fish among interior lakes of the Park.  Thus far, the analysis of mercury in aquatic biota in these lakes has been limited to prey fish (yellow perch, Perca flavescens) and game fish (northern pike).  This study will continue the sampling and analysis of yellow perch in selected lakes, and it will expand this effort to other, lower trophic levels of the planktonic food webs.  In addition, this study will begin sampling and analyses to critically examine the relation between methylmercury exposure and reproduction in northern pike in interior lakes of the Park.

The first objective of this study is to examine the bioaccumulation of methylmercury in lower trophic levels of planktonic food webs supporting production of game fish.  Methylmercury, a highly toxic form of mercury, readily accumulates in exposed organisms and can biomagnify to high concentrations in aquatic food webs, posing risks to humans and wildlife.  Initial results from our collaborative mercury investigations in the Park suggest that food​‑web structure contributes to the unusually high mercury concentrations in northern pike in some lakes, such as Ryan and Tooth lakes.  We will sample and analyze water, seston, zooplankton, and 1‑year-old yellow perch (Perca flavescens) to quantify concentrations of total mercury and methylmercury in planktonic food webs that are important in the trophic transfer of methylmercury to game fish and piscivorous wildlife, such as northern pike and common loons, in many Minnesota lakes.  These components of the planktonic food web will be examined in a subset of the interior lakes studied thus far that span a 10‑fold range in mercury concentration in 55‑cm northen pike.  The information provided by these analyses will be used to quantify the bioaccumulation and biomagnification of methylmercury in planktonic food webs supporting production of sport fishes in northern Minnesota lakes.

The second objective of this study is to initiate an assessment of the relation between mercury concentrations and levels of the sex hormones estrogen and testosterone in northern pike in interior lakes.  In the laboratory, dietary exposure to methylmercury reduces the overall reproductive success of fish by altering gametogenesis and gonadal development of adults or by decreasing the hatching success of eggs and the survival of embryo and larval stages.  In a recent laboratory study with fathead minnows (Pimephales promelas), for example, we showed that environmentally realistic concentrations of methylmercury in the diet delayed spawning, reduced the proportion of spawning fish, and decreased the number of eggs produced by females (Hammerschmidt et al. 2002).  Although the specific mode of action of methylmercury on reproduction of fish is unclear, several laboratory studies have shown that exposure to methylmercury can suppress sex hormones, such as estrogen and testosterone, which elicit secondary sex characteristics and stimulate gonadal development and gametogenesis (Brooks et al. 1997, Kirubagaran and Joy 1988, Fynn-Aikins et al. 1998, Arnold 2000).  The interior lakes of the Voyageurs National Park provide an extraordinary opportunity to examine the effects of methylmercury exposure on game-fish populations in the field.  This study will initiate an assessment of reproductive effects via the determination of two reproductive biomarkers, estrogen in female fish and testosterone in males, in northern pike sampled from lakes spanning a known 10‑fold range in mercury exposure.

Methods for Objective 1: Bioaccumulation of Methylmercury in Planktonic Food Webs
Lake water, seston, zooplankton, and 1-year-old yellow perch will be sampled and analyzed in the spring and summer of 2002 and 2003 to assess the bioaccumulation and biomagnification of methylmercury in planktonic food webs in interior lakes in the Park.  This sampling will be done in 10 to 12 interior lakes that span a 10-fold range in mercury contamination of resident northern pike (Appendix 1).

Water samples for mercury analysis will be obtained by hand from the bow of a canoe (~0.5 m depth), promptly acidified, and stored cold in the dark until analysis.  Seston will be collected by filtering a known volume of raw water through an ashed, quartz‑fiber filter housed in a Teflon filter pack and stored frozen until analysis.  A corresponding sample for suspended particulate material will be collected and filtered onto a pre-weighed, polycarbonate membrane, to determine mercury concentrations on a per unit of mass basis.  Zooplankton will be obtained by towing an acid‑cleaned, 112‑μm Nitex plankton net equipped with a Teflon collection jar behind a canoe, and samples will be frozen until processing and analysis.  Individual zooplankton will be manually separated from detrital material, and may be grouped by taxa.  Suspended particulate mass will also be determined on the zooplankton suspension.

Water, filters with seston, and zooplankton suspensions will be analyzed for total mercury by digesting the sample in BrCl for 12 hours at 40oC, followed by dual‑amalgamation cold vapor atomic fluorescence spectrophotometry (CVAFS).  Methylmercury in water, filters, and zooplankton slurries will be determined by acidification, steam distillation (removing matrix effects), derivitization with an ethylating reagent, thermal decompositon, GC separation, and analysis by CVAFS.  Detection limits for these procedures are typically 0.08 ng/L for total mercury and 0.03 ng/L for methylmercury.

Determination of total mercury in whole, age‑1 yellow perch will provide a useful measure of methylmercury concentration in a (largely) planktivorous fish that is important in the food webs of many Minnesota lakes.  The yellow perch is widespread and abundant in lakes of the Upper Midwest, including the Voyageurs National Park, and is the preferred prey of certain piscivores, including the northern pike, walleye (Stizostedion vitreum), and common loon (Gavia immer).  Yellow perch are, therefore, an important link in the trophic transfer of methylmercury to piscivores in many Minnesota lakes.  Mercury data for age‑1 yellow perch are available for some of the study lakes (sampled in 2000 and 2001); consequently, the sampling and analysis of perch will be limited to lakes for which data on mercury in perch are needed.  Yellow perch will be sampled in May 2002 and May 2003 with small-mesh trap nets, seines, lift nets, and a backpack electroshocker deployed in littoral habitat.  We will analyze age‑1 fish, which will have resided in the study lakes for about 1 year at the time of sampling.  The target sample size (n) is 15 to 20 age-1 yellow perch per study lake.  Each fish retained for analysis will be measured (total length) to the nearest millimeter and weighed to the nearest 0.01 g.  The age of each fish retained for analysis will be determined by examining three or more scales taken near the area of insertion of the left pectoral fin.  After measurement, fish will be frozen and transported to the laboratory, where whole age‑1 fish will be digested and analyzed for total mercury.

The accuracy and precision of mercury determinations for each batch of samples analyzed will be verified by concomitant analyses of (1) standard reference materials, (2) spiked (before digestion) subsamples, (3) replicate subsamples, and (4) procedural blanks and standards.  At least 10% of the total analytical workload associated with this effort will be devoted to quality assurance.  

Data on lake chemistry will be obtained by the Minnesota Pollution Control Agency and the U.S. Geological Survey (Mounds View, Minnesota) , which will collect near‑surface samples of lake water soon after the ice melt in spring 2002.  Information on lake morphometry and landscape features have been provided by the National Park Service (International Falls, Minnesota).  Concentrations and bioaccumulation factors for methylmercury in the planktonic food webs will be statistically examined in relation to lake and watershed variables that can influence the abundance of methylmercury and its availability for uptake in aquatic biota.  Statistical analyses will be conducted with PC-SAS or SPSS software on a microcomputer.  Data will be checked for normality and homogeneity of variance and transformed, as necessary, to meet assumptions of statistical tests.  A Type I error of 0.05 will be used to judge the significance of all statistical tests. 

Methods for Objective 2: Assessment of Reproductive Effects in Northern Pike
Recent studies with fathead minnows in our laboratory show that exposure to environmentally realistic concentrations of dietary methylmercury depresses levels of estrogen and testosterone in fish (M.B. Sandheinrich, University of Wisconsin-La Crosse, unpublished data).  Estrogen and testosterone elicit secondary sex characteristics and stimulate both gonadal development and gametogenesis.  Results of our laboratory studies with fathead minnows indicate that these hormones could serve as biomarkers of methylmercury exposure and reproductive effects in wild fish, such as the northern pike, in lakes of the Voyageurs National Park.

Northern pike will be sampled in May 2002 and May 2003 with experimental gill nets and by angling from limnetic and littoral habitats of 8 to 10 interior lakes in the Park.  The study lakes will span the 10‑fold range in mercury concentrations in resident northern pike, based on historical and recent data (Appendix 1).  Blood will be withdrawn with a heparinized syringe, following standard techniques (Schmitt et al. 1999), from each of 10 to 20 fish per study lake.  Each fish will then be euthanized by a sharp blow to the head and placed into a plastic bag on wet ice.  Blood will be transferred to a heparinized vacuum container on wet ice until centrifugation.  After centrifugation, plasma will be aspirated into cryogenic vials and frozen on dry ice for transport to the laboratory, where samples will be stored in an ultracold freezer until analysis.  Concentrations of estrogen and testosterone in plasma will be quantified by enzyme‑linked immunosorbent assay (ELISA; Cayman Chemicals, Inc., Ann Arbor, Michigan).  Regression analyses will be used to statistically examine the relation of estrogen and testosterone concentrations to methylmercury exposure, as indicated by the concentration of total mercury in axial muscle tissue of fish. 

The measurement, age estimation, stomach‑contents analyses, stable‑isotope analyses, and total‑mercury determinations in these northern pike is being done as part of a companion study funded by the U.S. Geological Survey (Brent C. Knights, Principal Investigator, USGS Upper Midwest Environmental Sciences Center, La Crosse, Wisconsin).  

Qualifications of the Investigators
Drs. Wiener, Rolfhus, and Sandheinrich have participated in notable mercury investigations that have contributed significantly to the understanding of the transport, fate, bioaccumulation, and effects of mercury in freshwater ecosystems.  The three investigators have more than 30 years of collective experience in the collection, handling, and analysis of biological and environmental samples for mercury investigations.  The University of Wisconsin-La Crosse mercury laboratory, directed by Drs. Sandheinrich and Rolfhus, has proven analytical reliability, reflected by accurate measurements of mercury in environmental samples and several scholarly publications in high‑quality refereed journals.  Limits of detection are low, ensuring that accurate estimates of mercury concentration will be provided even for small biological samples with very low concentration.
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Appendix 1.  Characteristics of target study lakes in the Voyageurs National Park, listed in order of decreasing lake area.  Yellow perch are present in each of the lakes, based on prior fish surveys by the National Park Service.  Most of the water‑quality data are from Payne (1991).

	Lake (code)
	Lake area

(acres)
	Maximum

depth (feet)
	Longitude 
	Latitude
	Estimated Hg in 55‑cm northern pike

(μg/g wet weight)
	Color

(platinum-

cobalt units)
	Specific

conductance

(μS/cm)
	Total alkalinity

(mg/L as CaCO3)

	Mukooda (MU)
	748
	78
	‑92.466
	48.3304
	0.16
	7
	62
	28

	Shoepack (SH)
	294
	24
	‑92.8628
	48.5053
	    1.03**
	75
	28
	4.5

	Little Trout (LT)     
	250
	95
	‑92.5097
	48.3886
	0.33
	1
	44
	16

	O'Leary (OL)
	190
	56
	‑92.5174
	48.4204
	0.48
	11
	70
	29

	Net (NE)
	171
	12
	‑92.6611
	48.3894
	    0.53**
	15*
	35*
	17*

	Locator (LR)
	140
	52
	‑92.9929
	48.5357
	0.72
	30
	34
	4.5

	Peary (PE)
	130
	15
	‑92.7767
	48.5198
	0.35
	15
	33
	11

	Loiten (LN)
	102
	49
	‑92.9276
	48.5209
	--
	18
	27
	8.3

	Ek (EK)
	98
	19
	‑92.8417
	48.4623
	0.55
	45
	31
	9.1

	Oslo (OS) 
	92
	36
	‑92.8193
	48.5199
	     0.91**
	31
	31
	6.6

	Brown (BR)
	67
	27
	‑92.798
	48.5056
	     0.75**
	33
	25
	7.7

	Jorgens (JO)
	64
	19
	‑92.8415
	48.4767
	     0.37**
	13
	29
	10

	Tooth (TO)
	59
	43
	‑92.6394
	48.3894
	1.84
	28
	34
	11

	Little Shoepack (LS )
	57
	25
	‑92.8846
	48.4915
	--
	23
	31
	7.5

	War Club (WC)
	42
	40
	‑92.9711
	48.5356
	0.65
	32
	26
	6.7

	Ryan (RY)
	37
	12
	‑92.7116
	48.5203
	    2.30**
	29
	31
	8.3

	Quarterline (QU)
	36
	22
	‑92.8415
	48.4767
	    0.95**
	15*
	24*
	5.5*

	Agnes (AG)
	34
	18
	‑92.8199
	48.4623
	    0.64**
	20
	26
	14.5*

	Fishmouth (FI)
	32
	28
	‑92.7767
	48.5198
	    0.46**
	80*
	25*
	8.0*


* Data from Michigan Technical University

** Data from Gary E. Glass and John A. Sorenson, University of Minnesota-Duluth, Duluth, Minnesota, unpublished data; all other mercury data from Jeffrey Jeremiason, Minnesota Pollution Control Agency, St. Paul, Minnesota, written communication.
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