Flathead Lake Fish and Methylmercury: Treaty Rights & Human Rights
By Lori Lambert, PhD, DS, RN

Abstract

This case examines the presence of methymercury (MeHg) in Flathead Lake on the Flathead Indian Reservation in western Montana, home of the Salish, Kootenai, and Pend d’Oreille Peoples.  The presence of MeHg is affecting the health of fish, osprey, tribal and community members .  It is a particularly devastating problem for pregnant women as the developing fetus is particularly susceptible to the neurotoxic effects of methylmercury.   It is time for action to address this environmental problem, but the solution to this issue is complex and raises a host of scientific, educational, and  intergovernmental issues.
Coyote Makes the World Safe for Humans

Coyote gathered all the animals of the world together to let them know that a new creature would soon be on the earth. The creature was called Man and he was like a baby. He could not feed himself or didn’t know anything about the world. Coyote asked the animals to sacrifice their lives to be food for Man. The first animal to volunteer was the fish, the Salmon. Next came the animals of the forest, but the most important of these was the fish. (Adapted from a story told by an unnamed Yakama tribal elder)
Introduction

The American Indian tribes who are fishing people such as the tribes of the Pacific Northwest, the Great Lakes, the Northeast coast and elsewhere have always depended on fish for their physical, economic, social, political, cultural and spiritual health.  “Many tribes today continue to exercise their treaty rights to fish, hunt, and gather and seek to protect and/or revitalize their traditional practices in an exercise of political and cultural self-determination.  However, they are faced with the fact that mercury contamination can make these practices precarious as a matter of human health.” (O’Neill, 2010, pp.7-8)
Flathead Lake and Mercury

Flathead Lake, the largest freshwater lake west of the Mississippi River, has a shoreline of 160 miles, is over 400 feet deep in some places, and has a reputation for cool clear water and an unsullied environment.  The waters of Flathead Lake are what is left of Glacial Lake Missoula.
 The southern half of the lakebed lies on the Flathead Indian Reservation in western Montana, and the northern half lies on state and private lands. There are many residences with private access to the lakeshore. The source of the Lake is the Flathead River.  

The Confederated Salish and Kootenai Tribes (CSKT) have control over the southern half of the lake bed, and they have exercised their treaty rights
 in requiring specifications for docks, fishing permits and subsistence fishing. The CSKT have “Treatment as a State” (TAS) under the federal Clean Water Act. (US EPA, Case Studies, 2006)  The tribes also have control of the air quality on the reservation (Clayton Matt, CSKT Tribal Natural Resources Dept., personal conversations). The State of Montana determines the levels of mercury that are safe for the waters and the fish in Montana (Doug Stevens
 personal conversation Sept. 29, 2009). That level in fish is currently 1ug/kg of body weight (one microgram of mercury per kilogram of body weight of the fish). The tribes can disagree with that level and lower it for the waters of the Reservation.  

The Salish and Pend d’Oreille people have a long history in the Flathead Lake basin. 
The tribal elders have visited the ancient tipi ring sites around the Lake and the Salish name of the town of Polson is “Tipi poles above the water.”  Petroglyphs at Angel Point and along the Flathead River give evidence of a more ancient peoples using and living near the Lake as the Salish, Kootenai, and Pend d’Oreille and Kootenai Tribes do not claim these petroglyphs. (Oral History, Unnamed elder)

In summer, the population of tourists and the influx of visitors towing campers, mobile homes, and boats on their way to Glacier National Park swell the highways, and the traffic increases along Highway 93 on the west side of the Lake. Exhaust emissions from the vehicles are blown into the Lake and settle. Additionally, when it rains, the waters wash pollutants from the highway into the Lake. Winds and smoke from forest fires in the western United States blow east and particulates from the smoke blow across the lake and add additional mercury pollutants into the lake. These particulates originate from the organic forest material such as leaves and needles where mercury from the atmosphere settles.

Winter proves to be another risky time for the Lake with mercury emissions from residents burning wood in their wood stoves.  Wood stoves emit mercury into the air from mercury residue on trees and branches.  This adds to the body burden of mercury falling into the Lake. There are many other sources of mercury that effect Flathead Lake. These include toxic waste site, water treatment and sewer plants and even natural occurrence in soils as mercuric sulfide.
Forest fires are another source. Forests and peat lands are generally considered mercury traps as mercury in the atmosphere from coal fired plants and municipal incinerators collects on the foliage. Michigan State researchers have determined that wildfires, which are becoming more frequent and intense, emit sequestered mercury up to 15 times greater than previously calculated. (Fires fuel mercury emissions, 2007)
Environmental mercury is just like a thermometer. Levels will rise in the atmosphere with climate change, but due to increasing fire activity in the north and not solely due to warming”, said Jennifer Harden, soil scientist at the U.S. Geological Survey and a co-author of the study. (Michigan State University) 

 However, it is generally agreed that the largest source is from coal fired electric generating plants.
Coal-Fired Power Plants. 

The greatest source of air pollution, of toxins in the air, are the nations’ 1,100 coal fired power plants. Out of their tall stacks spew some four hundred thousand tons a year of lead, mercury, hydrochloric acid, chromium, and arsenic into the air as well as about 60% of the nations sulfur dioxide (SO2) emissions, and second only to automobiles as the largest source of nitrogen oxide (NOx) pollution. (Shabecoff & Shabecoff, 2008, p. 77) Although total human-caused mercury emissions in the United States have declined considerably, thanks to  regulations and changing technology, we continue to emit around 115 tons total annually, down from 220 tons in 1990. Emissions were at twice this level in the 1950s, when they were ten times higher than in the 19th century. (CDIAC)
Burning coal to create energy produces more carbon dioxide (CO2) per unit of energy than any other fuel. Burning coal also releases other dangerous pollutants such as the carcinogen dioxin, furan, and mercury for which there are no established safe level of human exposure.  “Just one 70th of a teaspoon mercury is enough to poison the fish in a 25 acre lake.”(Tieleman,  2004)
In recent years, coal-fired power plants were responsible for 92% of all mercury air emissions in Montana and 75% of all mercury emissions. The amount of emissions from coal-fired power plants is expected to increase in the coming years due to an estimated 26% increase in coal consumption by 2020. In Montana alone, six new coal fired power plants have been proposed that could double the total mercury emissions for the State. (Montana Environmental Information Center, 2009)
Atmospheric transport is likely the primary mechanism by which Hg0 is distributed throughout the environment, unlike many pollutants that follow erosion or leaching pathways. Mercury can enter the atmosphere as a gas or bound to other airborne particles and circulates until removal. Removal occurs primarily through the "wet" deposition of Hg2+ in rainfall, however it can also occur in the presence of snow, fog, or through direct, or "dry", deposition.  (Environment Canada)

Airborne pollutants can travel hundreds of miles away.  The area over which they can travel and then precipitate into a body of water is called an airshed.  Thus after the mercury is emitted into the air it is transmitted to the Flathead Lake basin airshed and enters the Lake in rain or snow.
Water Quality

When the federal Clean Water Act was amended in 1987, American Indian tribes became eligible for treatment as a state (TAS) to set water quality standards for reservation water resources.  TAS status means that an Indian tribe has been delegated federal authority to implement environmental regulatory programs, just as states have delegated authority to do this.  Two years later, in 1989, the CSKT received TAS status.  The CSKT adopted their own water quality standards for reservation waters in 1990.

Clean water has an integral importance to the Tribes. High quality waters support many uses including drinking, bathing, swimming and recreation, wildlife (birds mammals, amphibians and reptiles), the growth and propagation of salmonid fishes and associated aquatic life, agriculture and cultural uses. Clean waters are important to many forms of life and the habitat that support them. Water quality on the Reservation is generally equal to high standards in the mountains but deteriorates as the waters encounter human impacts across the valley floor. Pollutants such as sediment, pesticides, fertilizers, and in some cases, toxins associated with human activity enter water bodies. The Tribes are committed to preserving, protecting, restoring and maintaining the chemical, physical, and biological integrity of the surface water, ground water, and wetlands of the Flathead Reservation. Thus, CSKT has committed staff and funding to protect water quality for all Reservation residents. (CSKT, Water Quality)

There is dual water quality jurisdiction on Flathead Lake.  The CSKT are responsible for enforcing their water quality standards for the lower half of the Lake and the Montana State Department of Environmental Quality (MDEQ).  Thus the water quality standards for the Lake must meet the standards of both the CSKT and the MDEQ.  Water quality standards identify two kinds of water pollution: point pollution and non-point pollution.
 Point sources of pollution are discharges from an identifiable source such as sewage treatment facilities, factories, and large livestock feedlots.  These sources of pollution are regulated by the CSKT and the MDEQ.  Non-point pollution as defined by the U.S. Environmental Protection Agency results from land runoff, precipitation, atmospheric deposition, drainage, seepage, and similar sources. (US EPA, Polluted Runoff).  In the Flathead Lake basin non-point pollution is mainly a result of land use practices, such as agricultural use of pesticides, timber harvesting, and development and construction, septic tanks seeping into the Lake and other polluted runoff.  On Flathead Lake recreational boating is also a source of pollution.  Mercury contamination is thus a non-source pollutant because it mainly comes from precipitation and atmospheric deposition.  CSKT water standards list mercury and methylmercury on their list of  priority pollutants. (CSKT Water Standards, p. 54)  [image: image5.wmf]
Figure 1

The graph above represents the total amount of mercury that is deposited in the United States and mercury that is deposited just from coal fired power plants in 2001. The last section of the graph represents what the aim is for 2020 for mercury from coal fired power plants.
There are three distinct types of mercury
. The type that this case addresses is organic mercury of which methylmercury is the most common. Organic mercury compounds are simply combined with carbon and are of great concern because of its tendency to biomagnify in aquatic ecosystems. When organic mercury biomagnifies in fish as little fish are eaten by bigger fish, the levels of mercury may be many times higher than that found in the surrounding waters.  (US Dept of Health & Human Services. Agency for Toxic Substances and Disease Registry)

Elemental mercury ends up in waterways and is converted by bacteria into its more toxic form—methylmercury. Fish are the conduit of mercury into humans, bears, and birds of prey like osprey. 

Adverse effects on fish include death, reduced reproductive success, impaired growth, and development and behavioral abnormalities. Exposure to mercury can also cause adverse effects in plants, birds, and mammals. Reproductive effects are the primary concern for mercury poisoning and can occur well below those which cause overt toxicity. Effects on birds and mammals include death, reduced reproductive success, impaired growth, and development and behavioral abnormalities. Sublethal effects on birds and mammals include liver damage, kidney damage, and neurobehavioral effects. 
Problems documented in humans

Yokoo et al. (2003) found that the neurotoxic effects of methylmercury (MeHg) have been demonstrated in both human and animal studies. Both adult and fetal brains are susceptible to the effects of MeHg toxicity. However, the specific effects of adult exposures have been less well-documented than those of children with prenatal exposures. This is largely because few studies of MeHg exposures in adults have used sensitive neurological endpoints. 
“Prenatal and early childhood are the most sensitive stages to methyl mercury poisoning because the brain is developing rapidly at this time.” (Harte, 1991, p. 342)  Some of the observed milder effects include delayed achievement of developmental milestones and modest neurological abnormalities in the infant. More severe exposure can result in gross impairment  of motor and mental development, abnormal placement of brain structures, cerebral palsy, spasticity, blindness, incontinence, and language development. These effects are irreversible (Harte, p. 342).    
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Figure 2
Methylmercury is a persistent, toxic contaminant that bioaccumulates
 in fish tissue. High concentrations of methylmercury in fish pose serious health risks to people and wildlife that consume them. 

Studies indicate that “ingesting methyl mercury in fish and fish products is by far the 
largest sources of mercury exposure (94%) followed by breathing mercury vapors in the 
air (6%), which can be an occupational hazard for some workers.”
 (Harte, 1991 p.340). 

The gastrointestinal tract quickly absorbs methylmercury and converts it to merthyl- 

mecuric-cysteinyl. The body recognizes this as methionine, an essential amino acid.  

Because the body does not recognize this as a threat, it is quickly absorbed and 

transported through the body even across the placental barrier where it can negatively 

affect the developing fetus. (Dovydaitis, p. 325)

Animals and plants that live in a mercury-polluted environment are smaller, have shorter life spans, and may have reproduction disorders and physical deformities. Mammals which are poisoned by mercury demonstrate neurological damage through behavioral problems, paralysis, and locomotion. 
There are other problems that are more insidious. For example, necropsies
 of Beluga whales in the St. Lawrence River, Canada demonstrated that the whales suffered from mouth ulcers, missing teeth, stomach ulcers, and spinal deformities. Most had severe gum diseases, ulcerative intestines, bacterial infections, pneumonia, and cysts of the thyroid gland, mammary cysts. Some of the whales exhibited sex organs of males and females, true hermaphrodites. (Colburn et al, 1997) Of course all of these problems were not caused by mercury alone, but by a brew of numerous chemicals. PCBs in combination with mercury plays a decisive role in the disruption of the immune and reproductive systems. (Colburn et al, 1997) 
Exposure to methylmercury is recognized as a critical and emerging public health issue with fetuses and children at the highest risk  This pervasive neurotoxin targets the brain in developing organisms, is linked to neurobehavioral testing disorders including deficits in attention span, fine motor function, language, visual-spatial ability, and memory even at low exposure levels and has also been linked to increased blood pressure in exposed children. (Kuntz, et al 2009, p. 753)
Research from the U.S. Environmental Protection Agency (EPA) indicates that in one year from 1999 to 2000 the EPA found that in the United States 630,000 newborns had unsafe levels of mercury in their blood. (Copeland, et al, 2005)
The most extreme case of methylmercury poisoning ever recorded in the world occurred in Minimata Bay, Japan. During the years of 1932 to 1968 Chesso Corporation chemical factory dumped industrial waste water into Minimata Bay which poisoned shellfish and fish where it bioaccumulated. As the residents of the Bay ate the shellfish, extreme symptoms began to manifest themselves such as ataxia
, neuropathy
, general muscle weakness, damage to hearing and speech. In extreme cases, paralysis, coma and death followed within weeks of being poisoned.  The government did little to prevent the pollution even though dogs, cats, pigs, and human deaths occurred for over 30 years. (Mishima, 1992)
Concerns on the Flathead Indian Reservation 
The accumulation of mercury in Flathead Lake is exacerbated  by two specific factors. (Tom McDonald, Director, CSKT, Division of Fish, Wildlife, Recreation, Conservation personal communication)  One is the alternation of the ecosystem as a result of the introduction of  invasive species.  In the 1980’s Mystis relicta a freshwater shrimp was introduced into Flathead Lake as a source of food for kokanee (landlocked sockeye) salmon.  However as the shrimp rapidly multiplied, the kokanee salmon population rapidly declined. “Rather than providing forage for kokanee, however, the shrimp became a favorite food of lake trout and lake whitefish. Mystis also competed with kokanee and cutthroat trout for zooplankton, a favored food. The result was an abrupt decline in the number of kokanee, cutthroat, and bull trout
, and an increase in lake trout and lake whitefish.” (Flathead Lake & Fisheries Co-Management Plan, 2000) Thus  introduction of Mystis lengthened the food chain resulting in biomagnifications of environmental contaminants, specifically mercury.  (Flathead Lake Journal).

The second factor is that Flathead Lake, though a natural lake in its origins, is now regulated by a dam. Kerr Dam was built on the Flathead River as it flows out of the south end of the Lake, about four miles downstream from the natural lake outlet. “The dam regulates the top 10 feet of water in the lake and is operated to provide flood control and power production.”  (Flathead Lake & River Co- Management Plan, 2000)  Thus the dam has altered the natural level of the Lake, causing it to rise and fall.  As the Lake rises, the flooding of the previously dry ground releases toxic substances into the water. “The alternation of the pattern of erosion and sedimentation may lead to the release of pollutants (such as mercury) which are known to accumulate in sediments. (Baxter, 1977, p. 262)

The Confederated Salish and Kootenai Tribes (CSKT) and Montana State Fish, Wildlife and Parks (MFWP) cooperatively manage Flathead Lake fish under the Flathead Lake and River Fisheries Co-Management Plan.
 Lake trout from Flathead Lake have moderate to high levels of Hg and PCBs, levels high enough to warrant public advisory warnings on consumption of larger fish.  In a recent study, lake whitefish from Flathead Lake had low to moderate levels of Hg. PCBs were not detected  Through periodic monitoring of Flathead Lake by the Tribes, the Flathead Lake Biological Station,  and the MFWP, fish in Flathead Lake show higher than normal amounts of mercury. (See Appendix)  The source of the mercury has not been documented by research.

The CSKT and MFWP joint Fishing, Bird Hunting, and Recreation Regulations  state:

Certain species and sizes of fish in Flathead Lake are known to carry unhealthy levels of contaminants, such as polychlorinated biphenyls (PCB’s) and methylmercury.  The two factors primarily responsible for this problem are the large size of Flathead Lake and the presence of predatory fish having long life spans.  Large lakes are more effective sinks  for contaminants that small lakes and old fish have longer to accumulate contaminants than young fish. (p. 11)
During the Mack Attack Days,
 much of the smaller fish that are caught are donated to the local food bank and distributed to tribal members.  The food bank does ration the amount of fish that is distributed.  (McDonald, private communication)   Pregnant and nursing mothers whose fetuses are highly susceptible to the neurotoxic effects of MeHg use the food bank and could be stockpiling , i.e., freezing the fish, and consuming more than the guidelines indicate are safe.
Local research by Dr. Sandra Kuntz and colleagues from the Montana State University College of Nursing (Kuntz et al., 2009) indicates that  American Indian women and children may be the most overrepresented among the list of disparate populations exposed to methyl-mercury.  Her study revealed that 49% of  65  women involved in a  supplemental feeding program for women and children consumed locally caught fish and of those 49% 75% consumed fish that were  medium to large sized that could result in exposure to methyl-mercury.   Kuntz et al. sought documentation on the levels of mercury found in hair samples of pregnant tribal members eating locally caught fish.   

Fish advisories from the CSKT and the State of Montana are one of the vehicles used to inform people about pollution and other environmental dangers. They do so through fishing regulations when individuals apply for fishing licenses.  Tribal members who subsistence fish in the Lake do not have access to this particular information concerning MeHg found in the fishing regulations since they do not need fishing licenses on the Reservation. 
The majority of women in Kuntz’s study (80%) were unaware of tribal or state fish advisory messages; the most favorable risk communication preference was information coming from doctors or healthcare providers (78%). The authors conclude that since the population consumes fish and has access to locally caught potentially contaminated fish, a biomonitoring study to determine actual exposure is warranted. (Kuntz, et al., 2009)

What has been done and what should be done

The CSKT, Division of Fish, Wildlife, Recreation, Conservation, goal is to reduce the estimated 400,000 lake trout population.  The eleven week long Mack Days are one way to do this.  The CSKT has also put forth a pilot plan to use angling and gill netting to remove 60,000 lake trout in 2010, 80,000 in 2011, and 100,000 in 2012. (Columbia Basin Bulletin, 2010) Unfortunately, the gillnetting plan has triggered a wave of opposition from sportsmen and others concerned about the impacts on the lake trout fishery and the local economy. Tom McDonald, Division manager for CSKT Fish, Wildlife, Recreation & Conservation says the reduction in lake trout is critical to the survival of bull trout. (Columbia Basin Bulletin, 2010).  Reducing the number of lake trout will also address the issue of mercury contamination in lake trout.
The Montana Sport Fish Consumption Guidelines published by the Montana Fish Wildlife and Parks(MFWP)  recommends avoiding Flathead Lake  fish over 22 inches long, and that women and children eat only one meal a month of fish that are under 22 inches. At a recent conference entitled “Babies and the Environment,” held for Health Care Providers, it was learned that the CSKT will publish their own fish consumption guidelines which will be more stringent than those of the MFWP.
The CSKT has the responsibility for all of the waters on the Reservation, including the southern half of Flathead Lake. The CSKT through their water quality standards and their fisheries program have begun to address is issue of mercury contamination in Flathead Lake fish.  There is still a great deal of work to be done until the CSKT tribal members are able to fully exercise their treaty rights to catch and consume fish without fear of methylmercury contamination. (O’Neill, 2010, p. 9)  How might  the CSKT accomplish this? What actions can the Tribes take to protect the fish and the water? What actions can be taken to protect Tribal members and especially pregnant women?  How do treaty rights and intergovernmental relations affect this issue? What intergovernmental channels might the CSKT pursue to address this issue?  

Appendix

Mercury in fish

Stafford, C., Hanson, B., Stanford, J. (2004) Mercury in fishes and their diet items from Flathead Lake, Montana, Transactions of the American Fisheries Society, 133, 349-357.

Mercury levels in lake trout (Salvelinus namaycush), lake whitefish (Coregonus clupeaformis), and benthic invertebrates
 were investigated in Flathead Lake, Montana. For both fish species, mercury increased with size and age and showed a negative relationship with growth rate. No gender-based differences in mercury levels were observed for either lake trout or lake whitefish. A positive relationship between mercury concentration and depth was documented for lake trout and the pooled invertebrate sample, suggesting that individual lake trout have some long-term habitat preferences (Stafford et al., 2004).
The data from Stafford et al. follows: 

The study used 29 lake trout and 26 lake whitefish for the presence of mercury. “Lake trout ranged from 336 to 987 mm TL and lake whitefish from 143 to 630 mm.” (p. 350) 

“Mercury levels in lake trout and lake whitefish increased with fish size and age, which has been observed for many fish species. In general, as fish grow they consume bigger, more-contaminated diet items. Further, larger predatory fish tend to have higher predator to prey biomagnifications ratios” (p. 353)

The observed increases in invertebrate and fish mercury with depth could be caused by higher concentrations of methyl mercury at deeper sites. Although we lack data for Flathead Lake, increasing methyl mercury concentration with depth in the water column has been observed in several other lakes. Methyl mercury production is greatest in shallow sediments however downward transport of particulate, bound methyl mercury and subsequent release and photodegradation of methyl mercury in surface waters appear to be particularly important in creating the observed profiles (p. 354)
Cultural Birds of Prey on the Flathead Indian Reservation
Ospreys are large raptors that feed almost exclusively on fish.  In the Flathead Lake Basin, “osprey are an apex predator in a system dependent on fish populations.  Hence, osprey population levels is indicative of the health of the lake as a whole.” (Flathead Lake Journal, 2003 p. 1, 3.)

“Osprey are indicators of the levels of mercury in fish. The are at particularly high risk to Hg toxicity because many species are at high trophic levels, have long lives, are vulnerable to neurological and reproductive impacts from elevated Hg levels, and are frequently subjected to multiple anthropogenic stressors” (Evers et al., 2005). 

DDT
 was banned in 1972. Since then the population of Osprey has increased all across the country. In the Flathead Lake basin over 100 pairs of nesting Osprey have been documented.  Osprey feed exclusively on fish making their nests on high telephone poles close to water. Their young feed exclusively on raw or regurgitated fish. (Flathead Lake Journal (2003, p. 1,3, 8.) Their feathers are an excellent biomarker of mercury body burden levels just as human hair is an excellent biomarker for humans. 


Therefore, it was proposed that feathers from osprey be analyzed for mercury to determine if these populations are at risk for mercury poisoning.  The relative levels in each species (osprey and red tailed hawks)  should indicate levels of mercury contamination, should it be demonstrated that such contamination exists (Doug Stevens, personal communication).

‘Mercury’s high affinity for sulfhydryl (-SH) groups on proteins accounts for the high concentrations exhibited in feathers, which are comprised mainly of the sulfhydryl-rich protein, keratin.  In vitro studies have shown that altered ecological effects occur in avian species as early as 0.5ppb Hg blood concentration.’
Under a grant from (National Institute of Health) NIH and (National Science Foundation) NSF, Katie McDonald (Salish), an undergraduate student at Salish Kootenai College in Biological Science with her professor, Dr. Doug Stevens, sampled osprey in 2008-2009.

 The project determined the threat posed by mercury levels in fish to three sets of raptors, osprey, eagles, and peregrine falcons.  These three species were chosen to represent three different levels of fish eating diet.  The osprey is primarily a fish-eater, the eagle is an opportunist and eats fish sometimes, and red tailed hawks not at all (control). 

Because the protocol for the gas chromatograph in determining levels of mercury in feathers is by burning the feathers, The Salish Culture Committee recommended and decided that because of the sacredness of eagle feather, the researchers could not use eagle feathers in the research. Therefore,  the researchers examined levels of  MeHg in osprey, red tailed hawks. 

Feathers and, if possible, discarded shell fragments, were periodically collected from below nests and typed.  When possible, observations were made on the number of offspring per nest, as well as survival rates of chicks through the summer.  It was necessary to inspect nests for evidence of non-hatched eggs.

Analyses of the feathers and eggshell fragments required the destruction, via combustion, of approximately 1 – 5 grams per feather.

The following data is used with permission by Dr. Doug Stevens and Katie McDonald. 
Feather collection occurred on the Flathead Reservation in areas around Flathead Lake and the Flathead River. Analyses were performed using the gas chromatograph at the SKC Environmental Lab.

Appendix: Figure 3
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Adult Hg concentration versus length suggests that similar Hg concentrations are sequestered throughout feather growth and that the most representative sample for a whole feather exists in the middle portion.  
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Results from down analysis show a statistical significance in the difference of Hg concentrations measured in Flathead Lake and the Flathead River; that being Flathead Lake Hg conc. > Flathead River Hg conc..
(McDonald, K. 2008)
Appendix Figure 4


McDonald, K., Nicolai, M., Stevens, D.(2009)  Mercury Concentrations in Osprey (Pandion haliaetus)  feathers on the Flathead Indian Reservation. Poster Presentation.  American Indian Higher Education Consortium Conference, 2009.
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� Glacial Lake Missoula: Glacial Lake Missoula was 4200 feet above sea level, held 500 square miles of water, 2000 feet deep and covered 2900 square miles. It truly was an inland sea (Alt, 2001) 


� From the Hellgate Treaty of 1855: “The exclusive right of taking fish in all the streams running through or bordering said reservation is further secured to said Indians; as also the right of taking fish at all usual and accustomed places, in common with citizens of the Territory, and of erecting temporary buildings for curing; together with the privilege of hunting, gathering roots and berries, and pasturing their horses and cattle upon open and unclaimed land.” 


� Doug Stevens: a toxicologist who teaches at Salish Kootenai College and along with students has done extensive research into the problem of methyl-mercury in Flathead Lake fish.


� The two other types of mercury are: metallic and inorganic.


� Bioaccumulation: refers to the accumulation of substances, such as pesticides, or other organic chemicals in an organism.


�  Manufacturers of electrical equipment, small batteries, mercury cells in smoke detectors, mercury light bulbs, paint, chlorine in caustic soda as well as workers in mining, and ore smelting.


� Necropsies: Post mortem autopsy.


� Ataxia: Inability to walk.


� Neuropathy: Numbness of hands and feet.


� Bull trout were listed as a threatened species under the U.S. Endangered Species Act in 1998.


� This Plan is currently being revised for renewal.


� Mack Attack Days: An event organized by the CSKT  to reduce the numbers of lake trout in the lake. Lake trout are an introduced species and  crowd out indigenous fish such as bull trout. 





� Benthic invertebrates: Organisms without backbones that live in the mud at the bottom of the lake


� DDT: dichlorodiphenyltrichloroethane one of the most well-known synthetic pesticides.
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