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ABSTRACT 

Selenium (Se) occurs naturally as a trace element in most soils and rock and is an 

essential micronutrient that is important in several biological processes. However, excess 

amounts of selenium can be toxic, especially to wildlife. Selenium toxicity in animals 

results from drinking water or consuming plants or animals in places where contaminated 

water has entered the food chain. Biomagnification of selenium in the aquatic food chain 

can dramatically increase the dietary concentrations of the element available to fish and 

birds that consume aquatic organisms. Consequently, a small increase in waterbome 

selenium will yield a disproportionately large increase in selenium levels offish and 

wildlife. Concentrations of selenium in water may not be toxic, but biomagnification 

may cause toxicity in higher trophic levels. 

Selenium toxicity gained attention following incidents at Kesterson National 

Wildlife Refuge in California. Wildlife were contaminated with Se that accumulated in 

agricultural runoff water. Elevated levels of Se can occur in areas contaminated with 

sewage sludge, fly ash, and emissions from metal smelting plants. Systems that tend to 

accumulate selenium most efficiently are shallow wetlands, marshes and reservoirs with 

low flushing rates. High selenium concentrations also commonly occur where soils are 

naturally enriched with the element. Such is the case at the U.S. Army Corps of 

Engineer's Truscott Brine Lake near Truscott, Texas. Tmscott Brine Lake is part of the 

Red River Chloride Control Project, which was designed to improve water quality 

throughout the Red River basin. Recent water quality tests at the lake indicate rising 

levels of selenium. As selenium levels rise in the lake, they may negatively impact 
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aquatic birds using the area. The objective of this study was to investigate the effects of 

elevated Se levels on the bird community at Truscott Brine Lake, Area VIII, and nearby 

freshwater ponds. 

Characteristics of the avian community were determined from point count surveys 

conducted during the breeding seasons and from winter bird counts in both 1997 and 

1998. A total of 113 species in 31 different families was observed at the lake. In 

addition, one federally and state endangered species, the interior least tern {Sterna 

antillarum athalassos), was recorded at Truscott Brine Lake in both 1997 and 1998. 

Simpson's diversity at the lake was 0.935 in 1997 and 0.949 in 1998; values of 1.00 

represent the highest diversity on a scale of 0 to 1. Average abundance (mean number of 

birds/point) of birds ranged from 0.0125 to 5.325 in 1997 and 0.01 to 4.84 in 1998. The 

most abundant species at Truscott Brine Lake in 1997 was the cattle egret {Bubulcus 

ibis), and in 1998 the mallard {Anas platyrhynchos) was the most abundant species. 

Densities (birds/ha) of wintering waterfowl ranged from 2.465 to 9.127 birds in 1997 and 

from 11.425 to 13.504 birds in 1998. 

Nest success and selenium burdens in eggs from nests of red-winged blackbirds 

{Agelaius phoeniceus), great blue herons {Ardea herodias), and double-crested 

cormorants {Phalacrocorax auritus) were also determined. Red-winged blackbird egg 

selenium levels ranged from 2.1 to 3.2 ppm with a geometric mean of 2.8 ppm in 1997. 

In 1998, egg selenium levels ranged from 2.3 to 3.2 ppm with a geometric mean of 2.7 

ppm. Great blue heron eggs ranged from 3.0 to 18 ppm with a geometric mean of 5.8 

ppm in 1997, and from 1.9 to 8.8 ppm with a geometric mean of 3.7 ppm in 1998. 

Double-crested cormorant eggs ranged from 2.4 to 18 ppm with a geometric mean of 5.4 
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ppm in 1997. In 1998, eggs from cormorants ranged from 2.5 to 9.4 ppm and had a 

geometric mean of 4.5 ppm. All egg selenium levels are reported on a dry weight basis. 

All egg selenium geometric means are less than the 10 ppm (dry weight) adverse effects 

threshold for reproductive impairment. Nest success for red-winged blackbirds ranged 

from 39% in 1997 to 4% in 1998. Great blue herons had a nest success of 15% in 1997 

and 20% in 1998. In 1997, double-crested cormorants showed a nest success of 3%, and 

in 1998 nest success increased to 61%. 

In addition to egg selenium burdens, avian liver and food sample selenium 

burdens were determined from red-winged blackbirds, wintering waterfowl, and 

American coots {Fulica americana). Selenium levels from red-winged blackbird livers 

had a geometric mean of 6.4 ppm in 1997 and 7.6 ppm in 1998, on a dry weight basis. 

These geometric means are lower than the 10 ppm (dry weight) threshold for 

contaminated aquatic systems. Waterfowl livers had a geometric mean of 1.87 ppm (wet 

weight) selenium, a value less than the 3 ppm (wet weight) reproductive impairment 

threshold. Selenium levels of red-winged blackbird food samples were strongly 

correlated (r̂  = 0.9781) to liver selenium levels of the same birds indicating that 

biomagnification is to some extent occurring at the lake. Conversely, in American coot 

food samples, selenium levels showed no relationship to liver selenium levels of the same 

birds. 

As a consequence of the results found in this study, it appears that current 

selenium levels at Truscott Brine Lake are not negatively impacting avian use of the 

sites. However, at least some individuals at the sites are at risk in that those individuals 

had selenium levels above threshold values. In addition, biomagnification and 
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bioaccumulation are occurring at the lake. Furthermore, because selenium levels have 

the potential to continue to rise, the risk to wildlife will only increase. Therefore, it 

would be beneficial to implement immediate research on species more susceptible to 

selenium toxicity and to implement a long-term monitoring program to assess future 

selenium levels and their relationships with future avian community characteristics. 
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CHAPTER I 

INTRODUCTION AND OVERVIEW 

Selenium (Se) occurs naturally as a trace element in most soils and rock and is an 

essential micronutrient that is important in several biological processes. However, excess 

amounts of selenium can be toxic to wildlife, especially to birds. Selenium has the 

smallest margin of any essential element between what is safe (50-200 ng/day/adult) and 

what is toxic to humans (500 ^g/day/adult) (USEPA 1980). Selenium toxicity in animals 

results from drinking water or consuming plants or animals in places where contaminated 

water has entered the food chain. Biomagnification of selenium in the aquatic food chain 

can dramatically increase the dietary concentrations of the element available to fish and 

birds that consume aquatic organisms (Lemly 1996a). Consequently, a small increase in 

waterbome selenium will yield a disproportionately large increase in selenium levels of 

fish and wildlife (Lemly 1996a). Concentrations of selenium in water may not be toxic, 

but biomagnification may cause toxicity in higher trophic levels. Therefore, it is 

important to measure selenium in higher-level food chain organisms because 

concentrations in water cannot provide a good indication of the degree of 

biomagnification (Lemly 1993). Selenium toxicity gained attention following incidents 

at Kesterson National Wildlife Refuge in California. Wildlife were contaminated with Se 

that accumulated in agricultural mnoff water (Ohlendorf and Santolo 1994). 

Elevated levels of Se can occur in areas contaminated with sewage sludge, fly 

ash, and emissions from metal smelting plants (Heinz 1996). Systems that tend to 

accumulate selenium most efficiently are shallow wetlands, marshes, and reservoirs with 
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low flushing rates (Lemly 1997). Elevated Se concentrations also commonly occur 

where soils are naturally enriched with the element. Such is the case at the U.S. Army 

Corps of Engineer's Truscott Brine Lake near Truscott, Texas. Tmscott Brine Lake is 

part of the Red River Chloride Control Project, which was designed to improve water 

quality throughout the Red River basin. Recent water quality tests at the lake indicate 

rising levels of selenium. As selenium levels rise in the lake, they may negatively impact 

aquatic and semi-aquatic birds using the area. We have investigated the effects of 

elevated Se levels on the bird community at Tmscott Brine Lake. 

Literature Review 

Selenium (Se) is a member of group VI in the Periodic Table and, in most cases, 

occurs in the natural world as an impurity in other metals. Sulfur is one of its most 

common hosts (Nazarenko and Ermakov 1972). Selenides are the most widely occurring 

minerals in which elemental Se is present. In addition, Se is also characterized as being 

present with alkaline - earth metals (Nazarenko and Ermakov 1972). Selenate, a form of 

selenium, is commonly found in alkaline, oxidizing environments (Presser 1994b). At 

ponds in Kesterson National Wildlife Refuge, sulfate and selenate were significantly 

correlated and total dissolved solids ranged from 10,000 to 24,000 mg/L, which classifies 

those waters as "very saline" (Hem 1970). This element is widely used in the glass, 

mbber, and chemical industries as well as in the semiconductor industry. Because it is a 

powerful antioxidant, selenium is often used in the production of mineral and vegetable 

oils and lubricants (Nazarenko and Ermakov 1972). Other than its industrial uses, Se is 

important in the natural worid because it is an essential micronutrient for most plants and 



animals. Biological processes such as the enzymatic activity of glutathione peroxidase, 

antioxidant activity, and synthesis of parts of certain proteins are all associated with 

selenium (Eisler 1985). 

Selenium Mobilization 

Selenium moves through the terrestrial world in a process that begins with the 

soil. Sedimentary deposits containing Se from Cretaceous marine strata become exposed 

during sediment uplift and are established as natural rock (Presser 1994a). The 

weathering of natural rock is the primary source of Se in the environment (Eisler 1985). 

Seleniferous soils formed during the weathering process are present in varying amounts 

depending on the levels of Se present in the rock. Therefore, some soils are naturally 

more enriched with Se than others (Presser 1994a). 

Selenium in the soil can be mobilized in several ways. Plant uptake and transport 

through aquatic pathways are two of the most common mechanisms of movement. In 

some instances, leaching of groundwater from seleniferous soils can cause contamination 

due to accumulated selenium levels (Eisler 1985). A value of 0.5 |j,g/g selenium in 

bottom sediments is considered a possible alert to contamination levels (Presser et al. 

1994). In addition, a waterbome selenium level of 2.3 |ig/L is considered the limit for the 

protection of aquatic life in water (Presser et al. 1994). Selenium is normally present in 

surface waters at levels of 0.1 to 0.3 |ig/L (Lemly 1997). Once the Se enters the 

groundwater, it can be carried through aquatic pathways and in some cases cause 

selenium contamination. Speciation studies have shown that selenium exists as soluble 

selenate in the subsurface waters, thus accounting for its great mobility in water systems 
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(Presser 1994b). Selenium contamination is a major concem in arid environments where 

irrigation practices are essential to the agriculture in an area. Irrigation of otherwise 

nonarable lands in arid regions can lead to an excess of sah in soil. In order to reduce this 

salt concentration, a large volume of water is used to flush salt and unwanted trace 

elements including Se into drainage pools. The frequent influx of contaminated drainage 

water and subsequent evaporation cause concentration of Se sahs (Presser 1994a). 

Although, these ponds are designed for evaporative reduction of drainage water, they also 

serve another purpose. Due to a lack of wetland habitats in arid areas such as the San 

Joaquin Valley of central California, many of these evaporation ponds are attractive to 

wildlife. The ponds provide excellent nesting sites and in many cases an abundance of 

food for amphibians, reptiles, mammals, and birds. However, these ponds may be 

ecological sinks because they provide a pathway for wildlife exposure to toxic levels of 

metals in drainage water including arsenic, boron, cadmium, mercury, molybdenum, 

strontium, and selenium (Skompa and Ohlendorf 1991, Lemly 1993). 

Selenium Toxicity 

Depending upon the dose, Se can be extremely toxic. In livestock, selenium 

toxicity causes alkali disease, blind staggers, and chronic selenosis (Martin 1973, Eisler 

1985, Oldfield 1987, Committee on Medical and Biological Effects of Environmental 

Pollutants 1976). High levels of selenium (>8 ppm) in the diet of poultry can have 

detrimental effects on adults, chicks, and even eggs, resulting in impaired reproductive 

success (Arnold et al. 1973, Ort and Latshaw 1978, Foley et al. 1937, Oldfield 1987, 

Committee on Medical and Biological Effects of Environmental Pollutants 1976). Data 



such as these may not be directly applicable to wild species. However, an abundance of 

field studies indicate that selenium toxicity in aquatic ecosystems can have a detrimental 

impact on v^ldlife throughout an entire food chain, beginning with aquatic invertebrates. 

Aquatic Invertebrate Toxicity 

Selenium enters aquatic ecosystems mainly through coal fly-ash dumping or 

agricultural irrigation drainage water (Lemly 1996a). Aquatic organisms and fish quickly 

biomagnify selenium once it is concentrated in water. This process begins in aquatic 

invertebrates and aquatic food organisms. Excessive selenium can negatively affect 

green algae, cyanobacterium, protozoans, plankton, and cladocerans through reduction of 

cell replication and chlorophyll production (Eisler 1985, Lemly 1996a). Adult 

cladocerans {Daphnia) that accumulate ^ 15 and 32 ppm of selenium lose weight and 

have impaired reproduction, respectively (Ingersoll et al. 1990). Selenium poisoning 

resulting in cranial and vertebral deformities and reduced survival of frogs can occur in 

water with Se concentrations > 2 ppm (Eisler 1985). Macroinvertebrates containing 

selenium concentrations > 5 ppm can cause complete reproductive failure if ingested by 

higher-level food chain organisms such as birds and fish (Lemly 1996b). Selenium 

toxicity in aquatic organisms can be hamaful to the organisms themselves and impact 

organisms in higher trophic levels through biomagnification. 



Fish Toxicity 

Selenium incorporated into aquatic invertebrates quickly biomagnifies to the next 

higher level of the food chain, which is usually fish. Impacts of selenium toxicity in fish 

include reproductive failure, reduced growth rates, and reduced survival (Saiki et al. 

1991, Eisler 1985, Lemly 1996a, 1993). Selenium can be toxic to a variety of species 

such as green sunfish {Lepomis cyanellus), bluegill {Lepomis macrochirus), largemouth 

bass {Micropterus salmoides), fathead minnows {Pimephales promelas), and several 

salmonids (Lemly 1996a, Eisler 1985, Saiki et al. 1991). Green sunfish in North Carolina 

exhibited reproductive failure and a population decline when liver Se levels averaged 

21.4 ppm (Eisler 1985). Reproductive failure and mortality occurred in nine species of 

centrarchids in North Carolina when Se concentrations of 12 to 16 ppm were found in 

skeletal muscle and 40 to 60 ppm in ovaries (Lemly 1996a). Similar effects were found 

in centrarchids in Texas where skeletal muscle concentrations ranged from 8 to 36 ppm 

(Garrett and Inman 1984). Waterbome selenium concentrations of 0.25 ppm reduced 

growth of rainbow trout {Salmo gairdneri) fiy after exposure for 21 days (Eisler 1985). 

Growth of fathead minnows was inhibited at whole-body tissue concentrations > 5 ppm 

(Lemly 1996a). Lemly (1996b) showed that levels of Se > 20 ppm in fish will cause 

reproductive impairment. In synopsis, the following tissue concentrations are generally 

considered toxic effect thresholds for fish: whole body-4 ppm, skeletal muscle-8 ppm, 

liver-12 ppm, and ovary/eggs-10 ppm (dry weight basis) (Lemly 1996a). However, 

some studies contradict these values. Selenium concentrations of 20-370 ppm have been 

documented in apparently healthy benthic invertebrates and forage fish (Lemly 1996a) 

Common carp {Cyprinus carpio) eggs and lake trout {Salvelinus namaycush) eggs 
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hatched normally in a media containing 5 ppm and 10 ppm Se, respectively (Eisler 1985). 

These results considered, the preponderance of literature indicates fish are negatively 

impacted by high Se concentrations and become a hazard to birds and mammals when 

eaten. 

Aquatic Bird Toxicity 

Selenium toxicity in wild birds is currently of great interest to researchers. Recent 

catastrophic events at Kesterson National Wildlife Refiige (KNWR) in Califomia have 

prompted an abundance of research concerning birds and their susceptibility to high 

levels of selenium, especially those in aquatic ecosystems. Skompa and Ohlendorf 

(1991) stated that" impairment of avian reproduction is the most pronounced adverse 

biological effect documented for wildlife." Due to the Federal Migratory Bird Treaty Act 

(16 U.S.C. sections 703-712), which makes it illegal for humans to take or kill migratory 

birds without a permit, potential selenium contamination of wild birds in areas where 

drainage water is present is a major concem (Skompa and Ohlendorf 1991). Thus, it is 

imperative to know the effects of high selenium levels on avian tissue and eggs. 

Toxicity of selenium in avian tissues and eggs is dependent on several factors 

including: age of animal, type of diet, total amount and frequency of Se ingestion, animal 

species, effectiveness of animal in eliminating Se, chemical form of selenium, and 

rainfall amount or precedence of a drought (Presser et al. 1994, Shamberger 1981, Fisher 

et al. 1987, Foster and Sumar 1997, Martin 1973, Oldfield 1987, Vinson and Bose 1987, 

Committee on Medical and Biological Effects of Environmental Pollutants 1976). 

Selenomethionine, an organic molecule, is one of the most toxic forms of selenium. 



especially to wildlife (Heinz 1996, Hoffman and Heinz 1988, Hoffman et al. 1996, 

Fairbrother and Fowles 1990, Heinz et al. 1989). Skompa (1998) found that "selenite-

dominated aquatic systems have "supercharged" food chains compared to selenate-

dominated systems", meaning that biomagnification of selenium into food chains is more 

efficient in selenite-dominated systems. Selenium toxicity is also modulated by the 

presence of heavy metals such as arsenic, copper, and mercury, which may combine v^th 

selenium to reduce its impacts (Skompa and Ohlendorf 1991, Heinz 1996, Hill 1974, 

Ansari and Britton 1974, Arnold et al. 1973, Martin 1973, Hoffman 1994). All of these 

complex interactions make it difficult to assess the effect of selenium on wildlife from 

water quality measurements alone. 

Embryotoxicity is a common effect of selenium in birds (Paveglio et al. 1992, 

Hofl&nan et al. 1996, Ohlendorf et al. 1986 a, b, 1987, 1988, Hoffman and Heinz 1988, 

Heinz et al. 1989, Lemly 1993). Consequences of toxicity include embryo malformations 

and reduced hatching success (Heinz et al. 1989, Hoffman and Heinz 1988, Eisler 1985, 

Zahm 1986, Ohlendorf et al. 1986b, Lemly 1993). Malformations such as: 

microphthalmia (abnormally small eyes), hydrocephaly, twisted legs and feet, micromelia 

(small legs), missing wings, and bill deformities such as absent mandibles or misshapen 

upper bills may result from high selenium levels (Heinz et al. 1989, 1996, Ohlendorf et 

al. l9S6a,b, Committee on Medical and Biological Effects of Environmental Pollutants 

1976). 

Direct effects of selenium contamination in adult female birds are often 

overlooked because eggs provide a route of selenium excretion (Burger and Gochfeld 

1996, Heinz 1996, Skompa and Ohlendorf 1991, Oldfield 1987). Consequently, testing 
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selenium concentrations in eggs will most likely provide the best representation of 

contamination in the local environment (Heinz 1996). It is possible to determine 

selenium concentrations in adult birds using tissues such as the liver and kidney. Both of 

these tissues are good indicators of selenium retention in adult birds (Heinz 1996, Martin 

1973, Eisler 1985). When eggs are impossible to obtain, liver selenium concentrations 

can be used with the following conversion factor: bird egg selenium = bird liver selenium 

X 0.33 (Lemly 1996b). 

Specific levels of selenium that cause toxicity are species dependent and for many 

species unknown. However, 3 ppm (wet-weight) or 10 ppm (dry-weight) selenium in 

eggs is considered a threshold for detrimental reproductive effects in birds (Heinz 1996, 

Skompa and Ohlendorf 1991). Skompa (1999) states that "geometric means greater than 

3 ppm dry weight are a fairly reliable indication that the environment from which the 

eggs were collected has some anthropogenic source of selenium enrichment (i.e., 

pollution)". Liver concentrations of selenium > 10 ppm (wet-weight) are detrimental to 

birds (Heinz 1996), and aquatic birds with liver selenium residues of 20 to 30 ppm (dry 

weight) are at risk for reproductive impairment (Lemly 1998). Normal concentrations of 

selenium in bird eggs range from 1.4 to 2.4 ppm (dry weight), values considered 

applicable over a wide taxonomic and geographic range (Skompa and Ohlendorf 1991). 

Ohlendorf et al. (1986a) stated that birds and eggs collected in areas without selenium 

contamination possessed levels of selenium < 3 or 4 ppm in eggs and 12-16 ppm in 

livers. In contrast, eggs and birds collected at Kesterson Reservoir had levels up to 20 

times greater (Ohlendorf et al. 1986a). Adult mallards {Anasplatyrhynchos) exposed to 

8-10 ppm dietary seleno-D-L-methionine had impaired reproduction and malformed 
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young (Heinz et al. 1989). Green and Albers (1997) found that 80 ppm dietary Se caused 

mortality of 1-year old male mallard ducks. Aquatic bird eggs containing Se levels > 20 

ppm (dry weight) had reproductive impairment at Ouray National Wildlife Refuge in 

Utah (Lemly 1996b). Ohlendorf et al. (1986b) found that egg selenium concentrations of 

18 ppm caused an estimated 50% of embryo deaths or deformities in American coot 

{Fulica americana) embryos. Their data indicated a positive correlation between 

incidence of embryotoxicity and selenium concentration in the egg. Levels at which 

selenium can become toxic to aquatic birds are quite variable. However, a generally 

accepted lower safety limit for eggs is < 3 ppm (wet-weight) or < 10 ppm (dry weight) of 

selenium and < 5 ppm selenium as selenomethionine (Heinz et al. 1989, Heinz 1996). 

Historical Examples of Selenium Contamination 

Historically, little evidence was available linking selenium with adverse effects in 

wild populations of birds. However, in 1984 evidence began to build with the discoveries 

made at Kesterson Reservoir and KNWR in the San Joaquin Valley of Califomia. In 

1960, Congress authorized the U.S. Department of Interior to constmct a drain to 

transport subsurface drainwater from the Westlands Water District into a discharge point 

in the San Joaquin Valley of Califomia. However, the drain never reached the San 

Joaquin Valley because in 1975 constmction was halted and the endpoint became 

Kesterson Reservoir (Merced County, Califomia). In 1967, the 1,903 ha reservoir was 

included in the agricultural drainage program for the purpose of storing and controlling 

initial drain flows. In 1970, the U. S. Bureau of Reclamation (USBR) and the U. S. Fish 

and Wildlife Service (USFWS) signed an agreement that formally established the KNWR 
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at Kesterson Reservoir. By 1972, much of the proposed drain was completed with 132 

km of drain terminating at 12 evaporation ponds (518 ha) located within the refuge. It 

was not until May of 1981, when initial water quality tests indicated elevated selenium 

levels, that concem began to grow. In 1982, the aquatic ecosystem at the refuge had 

deteriorated and mosquitofish were found with levels of selenium 100 times greater than 

those at nearby control areas. By 1984, toxic levels of selenium were present in all 

components of the aquatic food chain including aquatic birds. Because waterfowl and 

other migratory birds were included in the food chain and could possibly be contaminated 

by selenium, one of the U. S. Department of Interior's concerns became the San Luis 

Drain and its potential violation of the Migratory Bird Treaty Act. Consequently, in 1985 

the San Luis Drain was plugged and the reservoir and refuge were closed to the public so 

that an intensive, three-phase plan to clean up the area could begin (Zahm 1986, 

Ohlendorf and Santolo 1994, Committee on Irrigation-induced Water Quality Problems 

1989). 

The impacts of high selenium levels were especially evident in the aquatic bird 

community at the reservoir. Birds such as American coots, grebes {Podiceps spp.), stilts 

{Himantopus spp.), American avocets {Recurvirostra americana), and ducks suffered 

embryo deformities and mortality resulting in nest failure. For instance, American coot 

and eared grebe {Podiceps nigricollis) embryos exhibited multiple malformations with 

19.6% of 347 nests containing at least one chick with an apparent abnormality. Black-

necked stilt {Himantopus mexicanus) embryos suffered the highest incidence of 

malformations (Ohlendorf et al. 1986a). Adult American coots and eared grebes suffered 

high incidences of mortality. Waterfowl eggs at the refiige had an average of 22 ppm 
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selenium (wet weight) (Ohlendorf and Santolo 1994), a value more than 7 times greater 

than the toxic threshold level of 3 ppm (wet weight) or 10 ppm (dry weight) in eggs 

(Heinz 1996). Aquatic wild birds had geometric mean liver selenium levels of 20 to 127 

ppm (dry weight) (Presser et al. 1994). Birds containing selenium liver concentrations of 

19 to 130 ppm were discovered in the San Joaquin Valley (Eisler 1985). Concentrations 

of selenium between 2 and 110 ppm (dry-weight) were found in eggs of birds in the San 

Joaquin Valley (Eisler 1985). At KNWR, egg selenium levels ranged from 7 to 70 ppm 

(dry weight) depending on species (Presser et al. 1994). The incident at KNWR provided 

clear evidence of the danger of the concentration of selenium in agricultural mnoff water. 

Because of the discovery of selenium problems from subsurface agricultural drain 

water at Kesterson Reservoir, a number of other sites in the United States have been 

evaluated for possible selenium contamination. Four other wildlife refuges have been 

identified as having unacceptable levels of contamination due to irrigation drainage 

water. These include the Stillwater Wildlife Management Area (SWMA) in Nevada, the 

Salton Sea area in California, the Middle Green River Basin area in Utah, and the 

Kendrick Reclamation Project area in Wyoming (Committee on Irrigation-induced Water 

Quality Problems 1989). At Sweitzer Lake in Colorado, liver selenium levels in stocked 

game fish of 2 to 40 ppm (dry weight) caused progressive mortality (Skompa 1998). 

Ohlendorf et al. (1986c) found elevated selenium levels in greater scaup {Aythya marila) 

and surf scoters {Melanitta perspicillata) collected from southern San Francisco Bay. 

Selenium concentrations in livers of waterfowl at the Grassland Water District of 

California were associated with reproductive impairment and embryotoxicity (Paveglio et 

al. 1992). At Belews Lake, North Carolina, waterbome selenium levels of 10 |ig/L 
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caused teratogenic effects in fish (Skompa 1998). In east Texas at Martin Lake, greater 

than 90% of the planktivorous fish biomass collapsed after the initial release of selenium. 

Seven and a half years later, blackbird eggs had 0.5 to 12 ppm (dry weight) selenium and 

blackbird hatching success declined by 54% (Skompa 1998). Selenium concentrations at 

Mound Lake, a salt lake in the Texas High Plains, exceeded the level of concem in 

sediments for fish and wildlife at 15.0 ppm (dry weight). In addition, invertebrate 

samples taken at the lake had 110 ppm selenium (dry weight) concentrations (Irwin et al. 

1996). According to Marshall (1986), waterbome selenium concentrations of over 0.60 

ppm were found in seven states in the U. S., including California, Arizona, Montana, 

Nevada, New Mexico, South Dakota, and one other unnamed state. Bird livers and fish 

from the SWMA, Sun River Basin in Montana, and Riverton Reclamation Project in 

Wyoming contained toxic levels of selenium (Lemly 1993). This toxicity caused 

deformities in young birds at Sun River Basin and the SWMA. Waterbome selenium in 

these areas was < 3.0 pig/liter, which is below current EPA standards of 5.0 pig/liter. 

Thus, one author suggests that waterbome selenium concentrations of > 2}j,g/liter be 

considered "highly hazardous" to wildlife (Lemly 1996a). This standard variability 

emphasizes the importance of measuring selenium in higher-level food chain organisms 

because concentrations in water do not always provide a good indication of the degree of 

biomagnification (Lemly 1993). 

13 



Study Area 

The concems over selenium contamination sparked by the events at KNWR have 

grown to encompass projects dealing with drainage water in potentially hazardous areas 

throughout the U.S. including those with highly alkaline soils. The U.S. Army Corps of 

Engineers (USACE) is concerned with water quality throughout the Red River basin of 

Texas and Oklahoma because it is a highly alkaline area. The U.S. Public Health Service 

began water quality studies in the Red River basin in 1957. They found ten natural salt 

source areas in the basin that contributed about 3,600 tons of salt (NaCl) per day into the 

river (U.S. Army Corps of Engineers 1993). The Tulsa District, USACE was assigned 

the task of controlling the salt pollution. Stmctural measures for control were proposed 

at eight of the ten sites (U.S. Army Corps of Engineers 1993). These plans were 

approved in the Flood Control Acts of 1962, 1966, and 1970. As a resuh, the USACE 

developed the Red River Basin Chloride Control Project. The purpose of the project is to 

improve the water quality of the Red River so that irrigation can be expanded and water 

treatment costs for municipal and industrial water supplies can be decreased. The 

USACE believes that when the project is complete, EPA water quality standards will be 

met 98% of the time at Lake Kemp, Texas; 94% of the time at Lake Texoma, Texas; and 

99% of the time at Shreveport, Louisiana. Without chloride control, the percentages 

would be 0% at Lake Kemp, 3% at Lake Texoma, and 88% at Shreveport (U.S. Army 

Corps of Engineers 1993). 

Presently, two of the eight chloride control project areas are in use as well as 

Tmscott Brine Lake. Area V, a ringed dike around Estelline Springs, near Childress, 

Texas, was completed in 1964 and is controlling a daily flow of 240 tons of salt that 
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contaminated the Prairie Dog Town Fork of the Red River. Area VIE is located in the 

Rolling Plains region of Texas about 11 km east of Guthrie in King County. It consists of 

a low-flow dam that collects about 85% of the brine into a small pool about 5 ha in size 

and a pumphouse that pumps the brine through a 36-km long pipeline to its holding 

facility, Tmscott Brine Lake, completed in 1987, near Tmscott, Texas. The spring at 

Area VQI mns into the South Fork of the Wichita River and has the salinity of seawater. 

Tmscott Brine Lake was constmcted to hold brine from Area VIE and in the future from 

Area X. The lake was designed to contain the 100-year output of the two brine sources 

(VIE and X) and prevent discharge into any surrounding watercourses. Currently, 

waterbome selenium is below 1 |ig/L at the lake. Conductivity at the lake is in the range 

of 35,000 to 36,000 microsiemens, and chlorides are 11-12 mg/L. Total dissolved solids 

at the lake are about 21,000 mg/L; seawater has a total dissolved solids level of 30,000 to 

35,000 mg/L. 

Tmscott Brine Lake is located on Bluff Creek, a south bank tributary of the North 

Fork of the Wichita River. It is also in the Rolling Plains region of Texas about 5 km 

north and 0.8 km west of Tmscott in Knox County. The lake is contained by a dam that 

rises 31 m above the streambed and is 4.267 km in length. The dam is a rolled earthfill 

embankment consisting of about 5,355,777 cubic meters of compacted earth. An 

uncontrolled spillway also exists at the lake. When filled to the spillway crest, the lake's 

surface area will be 1,255 ha with a storage capacity of 141,066.8 km .̂ The lake has no 

outlet works, and the water level is maintained exclusively by evaporation on the pool. 

(U.S. Army Corps of Engineers 1993). Two smaller freshwater ponds, the smallest being 
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about 15 ha and the largest being 41 ha in size, are located approximately 800 m west of 

Tmscott Brine Lake. 

All the sites (Area VIE, Tmscott Brine Lake, and the freshwater ponds) are in an 

area of relative lowlands with broad and flat valleys. Area VIE, however, is located 

specifically within a riparian corridor with steeply sloped canyon walls. Salt cedar 

{Tamariskparviflora), redberry juniper {Juniperuspinchotii), and honey mesquite 

{Prosopis glandulosa) were the dominant overstory vegetation in the plant communities 

of the area. Understory vegetation consists mainly of a mixture of warm season grasses 

such as sideoats grama {Bouteloua curtipendula), little bluestem {Schizachyrium 

scoparium), big bluestem {Andropogon gerardii), and buffalograss {Buchloe 

dactyloides). In addition, cattail {Typha spp.) marsh is a predominant feature at the 

largest freshwater pond. Soils at Area VIE, Tmscott Brine Lake, and the adjacent 

freshwater ponds consist of two series. Clairemont series soils are deep, calcareous, 

clayey, and loamy soils on bottomlands; slopes are mostly less than 1%. Knoco series 

soils generally have slopes of 1-8% and may have active geologic erosion by water. 

Crystals of gypsum are common below the surface layers in both series, and both have 

moderately alkaline soils (Rogers and Risinger 1979). The climate in Knox County is a 

warm- temperate, subtropical climate with dry winters and hot, humid summers. 

Average annual precipitation is about 61 cm, 75% occurring between April and October. 

Prevailing winds are southeriy to southeasteriy (Rogers and Risinger 1979). 

There is concern that the continual input of salt water from Area VIE and its 

subsequent evaporation will cause selenium levels in Tmscott Brine Lake to rise. 

Furthermore, the lake provides a variety of habitats for bird species of the region. 
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Although selenium levels in the water are currently < 1 jig/liter, previous events at 

KNWR and the threat of potential biomagnification have caused concem for the health of 

the avian community at Tmscott Brine Lake. Currently, the composition and density of 

the avian community at the sites during the breeding and wintering periods as well as 

selenium burdens in birds at the sites are unknown. Thus, it is impossible to assess the 

impact of potential selenium toxicity. Therefore, we developed four major objectives to 

address the need for information at the study sites. 

Objectives 

The first objective of this study was to assess the composition of both the 

breeding and nonbreeding bird communities at Area VIE, Tmscott Brine Lake, and the 

freshwater ponds to determine the potential magnitude of the impact of selenium toxicity 

on birds receiving either short-term or long-term exposure to selenium. In addition, 

changes in abundance of birds in differing trophic levels were assessed to determine 

impacts of selenium biomagnification on the avian communities. Fulfilling this objective 

allowed us to establish the necessary baseline data needed to determine trends in future 

avian abundance and their relationship with rising selenium levels at the study sites. 

The second objective of this study was to determine what species of birds would 

be most appropriate for selenium evaluation and then to determine egg selenium burdens 

and potential effects on neonatal survival and development of those target species at Area 

Vm, Tmscott Brine Lake, and the freshwater ponds. Nesting success of three species 

was also determined in order to detect effects from potential selenium contamination. In 

addition, a unique opportunity to study the effects of a freshwater source near a selenium-
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contaminated site was present. I hypothesized that the freshwater pond provided a non-

selenium contaminated food source. If birds nesting in close proximity use this food 

source it should decrease egg selenium levels of birds nesting on the selenium-

contaminated site. A prediction of this hypothesis is that birds of the same species would 

have higher egg selenium levels the further away from the freshwater pond that they 

nested. Therefore, the final portion of the second objective was to determine if the 

presence of a freshwater source located near the selenium-contaminated site would 

decrease egg selenium levels of birds nesting on the selenium-contaminated site. 

The third objective of this study was to determine the amount of selenium present 

in food items being consumed by the breeding and nonbreeding birds at the study sites as 

well as liver selenium concentrations in the same birds in order to determine selenium 

burdens of adult birds using the sites. In addition, by examining the relationship of food 

selenium levels to liver selenium levels, I was able to determine to some extent the 

degree of bioaccumulation occurring within individuals at the sites. The research 

conducted to fulfill these objectives allowed us to determine the main goal of this study, 

which was to determine if current selenium levels at the study sites were hazardous to the 

avian community. 
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CHAPTER E 

MATERIALS AND METHODS 

Assessing Breeding and Nonbreeding Bird Composition 

Breeding Bird Community Composition 

Point count surveys were conducted to determine characteristics of the breeding 

bird communities at risk from possible selenium toxicity at the sites. The point count 

surveys provided information about species richness, diversity, and breeding bird 

abundance. The surveys were conducted once per month during the last four days of 

each month in May through August 1997 and April through August 1998. Point 

locations were established at every 1000-m interval around Tmscott Brine Lake for a 

total of 20 points (see Figure E. 1 for map of points around the lake). Only one point per 

area was established for Area VIE and the freshwater ponds due to their small size. Each 

point was marked by placing a ten-foot PVC-pipe pole into the ground at the land/water 

interface. When the water level fluctuated, a point was defined as the location where the 

land and water met to form a straight line with the PVC pipe and the center of the lake. 

The actual point count surveys were conducted in accordance with standard methods 

previously described by Ralph et al. (1995). Briefly, points were divided between the last 

four days of the month in order to survey at every point within the first three hours after 

sunrise. All birds heard or seen for an infinite distance from the point were recorded. 

Identification of unknown birds after the count was limited to 10 minutes. 

Analysis of the point count survey data included the determination of species 

richness, which was defined as the number of species found in a sample of individuals. 
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Total species richness at each site was determined using point count survey data, winter 

inventory data, and incidental sightings. In addition, diversity (eveness of the distribution 

of individuals among species) was calculated using a heterogeneity index, specifically a 

modification of Simpson's index. The index was calculated by the following formula: D 

= 1-L, where L = Z [ni (m-l) / N (N-1)] and ni = the number of individuals of a particular 

species, N = the total number of individuals. The index varies from 0 to 1 with values 

closer to 1 representing more diverse sites (Morrison et al. 1992). Lastly, point count 

survey data were used to calculate the average abundance of individual species at each 

study site. It was assumed that all species had the same detectability across all habitats 

within a site. We calculated the mean number of detections of a species at a point from 

the 4 (1997) or 5 (1998) monthly visits within a field season. The average abundance of 

a species at Tmscott Brine Lake was then calculated as the mean number of the 20 point 

means. As a consequence of having only one point each at Area VEI and the freshwater 

ponds, the mean number of detections of a species at the site was calculated rather than 

average abundance. 

In order to determine the potential impact of selenium on species feeding within 

different trophic levels, all species encountered at Tmscott Brine Lake were divided into 

seven feeding guilds. They included insectivorous, piscivorous, omnivorous, 

granivorous, aquatic invertebrates, greens, and carrion. Changes in average abundance of 

individuals in the seven feeding guilds over the two years of the study were analyzed 

with a randomized block design in a repeated measures analysis. Point-to-point 

variability was blocked out in a main plot analysis with feeding guild as the treatment 

effect. Data collected from each point over two years were treated as the repeated 
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measurement. Because there are only two years in the subplot portion of the analysis, 

testing of assumptions was not possible. Sphericity is not applicable with only two years, 

and estimates of experimental error (b) are non-normal by definition with only two 

treatments. Thus, in this case assumptions for the subplot portion of the analysis were 

disregarded. For the main plot portion of the analysis, tests of assumptions included the 

Shapiro-Wilk (1965) test for normality of experimental errors and the test for sphericity. 

Initial analysis revealed that the assumptions of normality and sphericity were not 

satisfied; therefore, the data were log transformed. The log-transformed data were 

normal, but sphericity remained violated, thus theta-adjustment was used. 

Backtransformed means were used for interpretation purposes. Analysis to compare 

abundance among the three sites was not conducted because the sites were notably 

different in size, habitat, and survey effort, and we assumed that abundance would be 

highest at larger areas, which provide more habitat. 

Nonbreeding Bird Community Composition 

The wintering bird community was characterized to determine the potential 

magnitude of possible selenium toxicity at the sites. Density was determined using 

optical field of view sampling conducted once per month during the last week of each 

month in November-Febmary (1997-1998 season) and October-November (1998 season). 

The sampling consisted of standing at a strategically placed point around the site and 

estimating the number of birds present using binoculars or a spotting scope. At each 

point, the number of birds in the first field of view of the binoculars was counted. Then, 

the number of fields of view at that point were counted and multiplied by the number of 
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birds in the first field of view to estimate the number of birds present. During the counts, 

emphasis was placed on identifying waterfowl and other birds occupying the water. Four 

categories including ducks, American coots, geese, and grebes were established. When 

birds could not be identified as being either a duck or an American coot, both groups 

were combined into a fifth group noted as "combination." At each site, monthly absolute 

density of birds in each of the five categories was estimated by adding the individual 

point totals together. Also, the monthly total density of all birds counted per sight per 

season, regardless of category, was estimated. 

Preliminary Assessment of Target Species to be Studied 

Because of selenium's biomagnification properties, two levels in the aquatic food 

chain (piscivorous and insectivorous birds) were examined to determine differences in 

dietary selenium concentrations between trophic levels. Intensive nest searching for 

sedentary, aquatic and semi-aquatic bird species was conducted at the sites. The goal was 

to find species actively involved in aquatic environments through feeding practices 

because these would be most appropriate for selenium evaluations. As a result of these 

searches, such birds were sighted (e.g., grebes); however, they were not observed nesting 

at any of the sites. Consequently, the two piscivorous species chosen for investigation 

were the only semi-aquatic, piscivorous bird species nesting in groups of more than one 

or two pairs at the sites. They were the great blue heron {Ardea herodias) and the 

double-crested cormorant {Phalacrocorax auritus). While these species were not the 

most appropriate for selenium evaluation due to their non-sedentary behaviors, they were 

the only species present. In fact, these two species were only available at one of the three 
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sites, Tmscott Brine Lake. During the study, no birds were observed nesting at Area VIE 

despite intensive nest searching, and only the insectivorous species was found nesting at 

the largest freshwater pond. The insectivorous species chosen for this study was the red-

winged blackbird {Agelaius phoeniceus). It was chosen because of its dependence on 

aquatic-based foods during the breeding season and its preference for nesting in wetland 

areas. The three above-mentioned species were considered the target species for this 

research. 

Nest Searching and Egg Collection 

Nest searching and egg collection were conducted from May 20 to June 11, 1997 

and from April 19 to June 14, 1998 to determine egg selenium levels found in the three 

target species. Nests of the red-winged blackbirds were located by searching in cattail 

{Typha spp.) and decadent juniper stands around the perimeter of the sites. In addition, 

nests of double-crested cormorants and great blue herons were located by searching the 

rookeries contained within the site. Once active nests were identified, they were mapped 

using a global positioning system (GPS) and marked a safe distance away to avoid 

predator attraction. 

Egg collection began when egg laying was initiated. One egg per nest was 

randomly collected then wrapped in a protective plastic and placed in a styrofoam cup to 

prevent damage or breakage. Eggs were then placed on ice for transport back to the lab 

for immediate processing. Extemal contamination of egg samples was prevented by 

wearing latex gloves and washing the egg exterior with distilled water and a soft bmsh. 

Egg length, width, and total weight to the nearest 0.01 (cm or g) were determined after 
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cleaning. Subsequently eggs were cut at the air sac end using a circular motion to 

remove a small piece of the eggshell. Egg contents were emptied into sterile jars and 

weighed to the nearest 0.01 gram. Eggshell weight was determined by subtraction. Jars 

were secured using a tamper proof seal and stored at - 20°C until analysis. Samples were 

sent to the Environmental Trace Substances Laboratory in Rolla, Missouri for analysis 

(see Appendix B). Acid digestion and atomic absorption were used to determine total 

selenium content of samples (see Appendix C). The samples were freeze-dried first to 

obtain dry-weight measurements (Hartman 1997). 

Statistical analysis of egg selenium burdens was conducted using an analysis of 

variance with a factorial arrangement in a completely randomized design in order to 

detect differences at Tmscott Brine Lake among species and between years. 

Assumptions underlying the F test in the analysis of variance were assessed with (1) the 

Shapiro-Wilk (1965) test for normality of experimental errors and (2) Levene's (1960) 

test for homogeneity of variances. Levene's test was used because it is relatively robust 

to violations of normality, and it can be used with unequal sample sizes. Initial analysis 

of egg selenium data at Tmscott Brine Lake revealed that the assumptions of both 

normality and homogeneous variances were violated. To rectify the problem with 

normality, data were log-transformed. Normality was assumed satisfied at this point 

because the distribution of the data was relatively symmetric about the mean, and the F 

test is relatively robust to violations of normality (Pearson 1931). For some variables, 

variances were heterogeneous. The transformation was ineffective in stabilizing 

variances. Despite the heterogeneity of variances, the analysis of variance, F test was 

used for data analysis because analyses based on ranks are not effective in controlling 
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type I error rates and have low power for detecting interactions (Blair et al. 1987). Thus, 

significance levels should be regarded as only approximate. The effects of site and year 

on red-winged blackbird egg selenium levels were analyzed with a factorial arrangement 

in a completely randomized design. Assumption tests were assessed with the same tests 

as above, and all assumptions were met. Least squared means were used for both 

analyses due to unequal sample sizes. Geometric mean selenium levels are presented on 

a dry-weight basis and are compared to the 10 ppm dry weight toxicity threshold. Least 

squared means used for mean separation purposes are presented on a wet weight basis 

and are compared to the 3 ppm wet weight toxicity threshold. Simple linear regression 

was used to determine if egg selenium levels could be predicted from the distance of a 

nest from the freshwater pond. Because multiple, independent observations of Y at each 

Xi were generally not available, residual plots (where estimates of experimental errors 

were plotted against predicted values) were examined for compliance with assumptions 

of normality and for homogeneity of variances; independence was assumed by random 

sampling (Montgomery and Peck 1982). Outliers were detected following Tietjen et al. 

(1973). Weighted regression results were used for interpretation and discussion. 

Locations and distance to the freshwater pond of all nests being studied were established 

using GPS (see Appendix E). 

Monitoring Reproductive Success 

After egg collection, nests and remaining eggs were monitored throughout the 

nesting period to determine reproductive success. Each nest was checked at least every 

four days, and the number of eggs and nestlings in each nest was recorded. Nesflings 
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were carefully examined for malformations characteristic of selenium toxicity such as 

abnormal eye size, twisted feet and legs, missing appendages, and deformed bills 

(Ohlendorf et al. 1986b). Monitoring continued until all of the nestlings had fledged. A 

successful nest was considered to be one from which at least one nestling fledged. Nest 

success was calculated using the Mayfield Method (Mayfield 1975). The lengths of 

incubation and nestling periods were assumed to be as follows for the three target 

species: red-winged blackbird = 11 and 13 days, great blue heron = 28 and 58 days, 

double-crested cormorant = 27 and 39 days, respectively (Ehrlich et al. 1988). A z-

statistic was computed and used to determine differences in daily survival estimates 

between 1997 and 1998 within a species for both incubation and nestling periods at 

Tmscott Brine Lake. The z-statistic was also used to determine differences in daily 

survival estimates of red-winged blackbirds between the freshwater pond and Tmscott 

Brine Lake for both periods (Johnson 1979). Initial analysis showed no differences in 

daily survival estimates between years for birds at Tmscott Brine Lake. Therefore, data 

were pooled within a species across the two years, and a z-statistic was used to test for 

differences in daily survival estimates among the three target species. 

Assessing Food and Liver Selenium Levels from Breeding 

and Nonbreeding Birds 

Breeding Bird Collection 

Aduh female red-wdnged blackbirds were collected from both Tmscott Brine 

Lake and the largest freshwater pond during July of 1997 and 1998 to determine the 

selenium content of tissues and food items. No red-winged blackbirds were present for 
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collection at Area VIE or the smaller freshwater pond. Only female birds were collected 

in order to reduce variation in selenium levels due to gender. First, birds were positively 

identified as aduh female red-winged blackbirds and were then observed feeding in order 

to insure food collected from the birds was taken at the study sites. All birds were 

collected using a shotgun during peak feeding hours, 0630, 0830, and 1030 (Hintz and 

Dyer 1970). Birds were then immediately retrieved and if necessary euthanized by 

cervical dislocation. Once retrieved, the body cavity was opened, and the esophagus and 

gizzard were excised and their contents were placed in a whirlpak. Birds were then 

placed on ice and transported back to the lab. Next, the gizzard and esophagus were 

placed in a separate whirlpak. At the lab, the livers were excised and bagged separately 

in labeled whirlpaks. Finally, the remaining part of the bird was bagged, labeled, and 

frozen for future reference. The livers were kept frozen at -85°C until analyzed for 

selenium content through acid digestion and atomic absorption (Hartman 1997). Livers 

and food samples were all weighed to the nearest 0.01 gram and recorded. Food samples 

were also frozen until examined to determine the identity of insects and other 

components represented in the diet. Food samples were separated into seeds, vegetative 

matter, animal matter, and grit. Animal matter was identified down to family if possible 

(Merrit and Cummins 1984, Pennak 1978). 

Statistical analysis of red-winged blackbird liver selenium levels was conducted 

using an analysis of variance with a factorial arrangement in a completely randomized 

design in order to detect differences between years and between sites (the lake and the 

freshwater pond). Assumptions underlying the F test in the analysis of variance were 

assessed with (1) the Shapiro-Wilk (1965) test for normality of experimental errors and 
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(2) Levene's (1960) test for homogeneity of variances. Levene's test was used because it 

IS relatively robust to violations of normality, and it can be used with unequal sample 

sizes. Initial analysis of liver selenium data at Tmscott Brine Lake revealed that the 

assumption of homogeneous variances was violated. Transformations (e.g., log) were 

ineffective in stabilizing variances. Despite the heterogeneity of variances, the analysis 

of variance, F test was used for data analysis because analyses based on ranks are not 

effective in controlling type I error rates and have low power for detecting interactions 

(Blair et al. 1987). Thus, significance levels should be regarded as only approximate. 

Least squared means were used for interpretation because of unequal sample sizes. 

Simple linear regression was used to determine if red-winged blackbird liver selenium 

could be predicted from the selenium levels of red-winged blackbird gizzard/esophagus 

contents. Because multiple, independent observations of Y at each Xi were generally not 

available, residual plots (where estimates of experimental errors were plotted against 

predicted values) were examined for compliance with assumptions of normality and for 

homogeneity of variances; independence was assumed by random sampling 

(Montgomery and Peck 1982). OutHers were detected following Tietjen et al. (1973). 

Only red-winged blackbird data from 1997 was used in the above regression because 

funds were not available to analyze 1998 samples. 

Nonbreeding Bird Collection 

Waterfowl and American coots were harvested for tissue and/or food sample 

collection during the 1997-1998 and 1998-1999 hunting seasons. Birds were collected at 

Tmscott Brine Lake and the freshwater ponds. No birds were collected at Area VIE. 
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The birds were collected using shotguns during regular hunting seasons and in 

accordance with all state and federal harvest regulations. During waterfowl collection, all 

birds were shot and immediately retrieved; their body cavities were opened; and their 

esophagus and gizzard were excised. Contents of the gizzard and esophagus as well as 

the liver were placed in separate bagged whirlpaks and placed on ice for transport back to 

the lab where they were kept frozen at -85°C until analyzed for selenium content 

(Hartman 1997). Gizzard and esophagus contents were examined to determine the 

identity of all components in each sample. Food samples were separated into seeds, 

vegetative matter, animal matter, and grit. Animal matter was identified down to family 

if possible (Merrit and Cummins 1984, Pennak 1978). 

Statistical analysis of waterfowl and American coot liver selenium levels was 

conducted using an analysis of variance with a factorial arrangement in a completely 

randomized design in order to detect differences between years and among groups of 

birds. The species of waterfowl were divided into two groups: dabblers and divers, and 

American coots were considered a third group of their own. Assumptions underlying the 

F test in the analysis of variance were assessed with (1) the Shapiro-Wilk (1965) test for 

normality of experimental errors and (2) Levene's (1960) test for homogeneity of 

variances. Levene's test was used because it is relatively robust to violations of 

normality, and it can be used with unequal sample sizes. Initial analysis of liver selenium 

data at Tmscott Brine Lake revealed that the assumptions of normality and homogeneous 

variances were violated. Although normality was not entirely met, the Shapiro-Wilk 

value was 0.94 on a scale of 0 to 1, 1 being perfectly normal. Because the distribution of 

the data was relatively symmetric about the mean and the F test is relatively robust to 
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violations of normality (Pearson 1931), normality at this point was assumed satisfied. 

For some variables, variances were heterogeneous. Transformations (e.g., log) were 

ineffective in stabilizing variances. Despite the heterogeneity of variances, the analysis 

of variance, F test was used for data analysis because analyses based on ranks are not 

effective in controlling type I error rates and have low power for detecting interactions 

(Blair et al. 1987). Thus, significance levels should be regarded as only approximate. 

Least squared means were used because of unequal sample sizes. Simple linear 

regression was used to determine if American coot liver selenium could be predicted 

from American coot food sample selenium levels. Because multiple, independent 

observations of Y at each Xi were generally not available, residual plots (where estimates 

of experimental errors were plotted against predicted values) were examined for 

compliance with assumptions of normality and for homogeneity of variances; 

independence was assumed by random sampling (Montgomery and Peck 1982). 

Selenium levels in food samples from waterfowl were not analyzed due to a lack of 

funds. 
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CHAPTER m 

RESULTS AND DISCUSSION 

Assessing Breeding and Nonbreeding Bird Composition 

Breeding Bird Community Composition Resuhs 

Total species richness at Tmscott Brine Lake for both 1997 and 1998 combined 

was 113 species representing 31 families (Table 3.1). One federally and state endangered 

species was recorded at the lake in both 1997 and 1998, the interior least tem {Sterna 

antillarum athalassos). The average abundance of the interior least tem was 0.0125 

mean number of birds per point in 1997 and 0.14 mean number of birds per point in 

1998. No tem nests were found; however, tems were observed feeding at the lake on two 

different occasions. Most likely the tems were migrating through the area. Total species 

richness at Area VIE (Table 3.2) and the freshwater ponds (Table 3.3) was 37 and 57 

representing 17 and 26 families, respectively. Monthly species richness at Tmscott Brine 

Lake ranged from 31 to 52 with peaks during April and May (Table 3.4). Species 

richness at the freshwater ponds ranged from 12 to 22 with peaks during July and August 

(Table 3.4). Species richness at Area VIE peaked during May and June, and the number 

of species ranged from 7 to 13 (Table 3.4). Yearly species richness increased from 1997 

to 1998 at all three sites (Figure 3.1). 

Diversity at Area VIE peaked in May of 1997 and in July of 1998. Freshwater 

Pond 1 (the largest pond) had peak diversity in July of 1997 and April of 1998. In 

contrast, diversity at Freshwater Pond 2 peaked during May of 1998 (Table 3.5). Yearly 
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diversity was similar between 1997 and 1998 at Tmscott Brine Lake and Area VIE. 

However, diversity at Freshwater Pond 1 was lower in 1998 than in 1997 (Figure 3.2). 

Average abundance (mean number of birds per point) of individual species at 

Tmscott Brine Lake ranged from 0.0125 to 5.325 in 1997 (Table 3.6) and from 0.01 to 

4.84 in 1998 (Table 3.7). At Area VIE, mean number of detections in 1997 ranged from 

0.25 to 3.25 and in 1998 from 0.2 to 6.4 (Table 3.8). Mean number of detections at 

Freshwater Pond 1 ranged from 0.33 to 9.67 in 1997 and 0.2 to 56.8 in 1998 (Table 3.9). 

Freshwater Pond 2, evaluated only in 1998, had a mean number of detections ranging 

from 0.2 to 21.8 (Table 3.10). 

Eight species had an average abundance above one at Tmscott Brine Lake in 

1997. They included cattle egret {Bubulcus ibis) (5.325), mourning dove {Zenaida 

macroura) (2.275), mallard {Anasplatyrhynchos) (1.9625), red-winged blackbird (1.7), 

double-crested cormorant (1.475), Bewick's wren {Thryomanes bewickii) (1.3625), 

northem mockingbird {Mimus polyglottos) (1.2375), and great egret {Casmerodius albus) 

(1.05). In 1998, eleven species at the lake had an average abundance higher than one. 

They included mallard (4.84), blue-winged teal {Anas discors) (3.76), cattle egret (3.41), 

red-winged blackbird (3.32), mourning dove (3.03), double-crested cormorant (2.11), tree 

swallow {Tachycineta bicolor) (1.7), great egret (1.59), snowy egret {Egretta thula) 

(1.41), Bewick's wren (1.24), and northem mockingbird (1.23). 

The five most abundant species at Area VIE in 1997, beginning with the most 

abundant, were mourning dove, Bewick's wren, scissor-tailed flycatcher {Tyrannus 

forficatus), northem mockingbird, and ash-throated flycatcher {Myiarchus cinerascens). 

In 1998, the five most abundant species were turkey vulture {Cathartes aura), mourning 
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dove, great-tailed grackle {Quiscalus mexicanus), Bewick's wren, and scissor-tailed 

flycatcher. In 1997, at Freshwater Pond 1, mourning dove, red-winged blackbirds, blue-

winged teal, lark sparrows {Chondestes grammacus), and northem bobwhite {Colinus 

virginianus) were the most abundant species. In 1998, tree swallows, mourning dove, 

blue-winged teal, red-winged blackbirds, and mddy ducks {Oxyura jamaicensis) had the 

highest abundance estimates. At Freshwater Pond 2, only evaluated in 1998, the most 

abundant species included mourning dove, blue-winged teal, red-winged blackbirds, 

mallards, and white-faced ibis {Plegadis chihi). 

The F test on changes in abundance of birds in differing trophic levels was 

significant even after theta-adjustment (6 = 0.51985). Therefore, there were differences 

{P < 0.05) due to guild and year, but changes in average abundance over time did not 

depend upon feeding guild. It is reasonable to separate years regardless of guild and to 

separate guilds regardless of year. Consequently, because there was no interaction, the 

percent increase in average abundance from 1997 to 1998 was the same for each of the 

seven feeding guilds. The mean average abundance in 1997 (1.72) was less than 

(P<0.05) the mean average abundance in 1998 (2.48). Mean separation of feeding guilds 

determined that insectivorous birds had the highest abundance of any of the differing 

trophic levels (Figure 3.3). 
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Breeding Bird Community Composition Discussion 

A decline in avian abundance over time, particularly of those birds in higher 

trophic levels, as well as a decline in diversity over time would be expected at selenium-

contaminated sites. Such was the case at KNWR where avian abundance declined 

because of decreased reproductive success and adult mortality from selenium toxicity 

(Ohlendorf etal. 1986a). 

Total species richness at Tmscott Brine Lake was higher than total species 

richness at the other study sites. Most likely, this was a consequence of the lake's larger 

size as well as the availability of more habitat types (Payne and Bryant 1994). Yearly 

species richness was greater at all sites in 1998 than in 1997. However, this difference is 

most likely due to greater observer experience and the inclusion of data from the month 

of April in the second year. Total species richness (113 species) at Tmscott Brine Lake 

was similar to the richness (111 species) found at an aquatic site containing a heronry in 

north central Texas in 1989 and 1990 (Snook 1992). Monthly species richness at an 

estuarine wetland on the mid-Texas coast ranged from the lower thirties in June and July 

to the fifties in April and May (Weller 1994); data from our study showed comparable 

monthly richness ranging from 31 to 52 during April to August at Tmscott Brine Lake. 

Grover and Baldassarre (1995) sampled wetland habitats in south-central New York for 

avian species richness using point count surveys during the breeding season. A total of 

86 great blue herons was recorded from May through June of 1992. At Tmscott Brine 

Lake, a total of 39 great blue herons was recorded from May to June of 1997 and 69 in 

1998. A total of 244 red-winged blackbirds was recorded at the wetlands in New York. 

At Tmscott Brine Lake, a total of 115 red-winged blackbirds was recorded in 1997 and 
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166 in 1998 from May through June. For the 1966-1995 trends of the Breeding Bird 

Survey, the relative abundance (mean number of individuals per survey route) for great 

blue herons and double-crested cormorants was 0.83. For red-winged blackbirds the 

relative abundance was 53.42 (Peterjohn et al. 1996). Average abundance of great blue 

herons and double-crested cormorants at Tmscott Brine Lake in 1997 was similar to the 

Breeding Bird Survey abundance at 0.75 and 1.475, respectively. In 1998, the average 

abundance of herons and cormorants was again similar to the Breeding Bird Survey at 

0.89 and 2.11, respectively. Average abundance of red-winged blackbirds at Tmscott 

Brine Lake in 1997 was 1.7 and 3.32 in 1998. All sites exhibited relatively diverse avian 

communities over the two years of the study, and month-to-month diversity tended to be 

higher during months of typical migration activity. 

Average abundance estimates at Tmscott Brine Lake for species such as great 

blue herons, cattle egrets, snowy egrets, eastem meadowlarks, and red-winged blackbirds 

were higher than or similar to abundance estimates of the same species at an estuarine 

wetland on the Texas coast, which was not threatened by rising selenium levels (Weller 

1994). At a site near Laramie, Wyoming, Riffell et al. (1996) found mean avian 

abundance ranging from 0.0 to 6.5 individual birds; a range similar to those found at the 

lake in 1997 (0.0125 to 5.325) and inl998 (0.01 to 4.84). The percent increase in average 

abundance of individuals from 1997 to 1998 was the same for all feeding guilds. Thus, 

comparison of the avian community at Tmscott Brine Lake to other productive wetland 

habitats in Texas and elsewhere in the U.S. suggests that current selenium levels are not 

impacting bird use of the lake. However, the presence of an endangered species possibly 

threatened by selenium toxicity at the site should be given more attention. 

35 



Nonbreeding Bird Community Composition Resuhs 

Monthly absolute density (birds/ha) for each of the five categories of birds was 

estimated for each site. The highest density for ducks, American coots, combination, and 

grebes during the 1997-1998 season occurred in the month of November at Tmscott 

Brine Lake. The highest density for geese occurred during December. During the 1998-

1999 season, again November exhibited the highest density for ducks, American coots, 

and grebes. Goose densities were highest in November as well (Table 3.11). Peak 

density for ducks at Area VEI took place during January of the 1997-1998 season and 

November of the 1998-1999 season. Geese and American coots were not seen during the 

winter counts at Area VIE (Table 3.12). Ducks and coots were at their highest densities 

during the month of November at Freshwater Pond 1, during the 1997-1998 season. Peak 

densities for geese occurred during December. In the 1998-1999 season, American coot 

and grebe densities reached the highest point in November, and duck densities were 

similar throughout the sampling period (Table 3.13). Freshwater Pond 2 had the highest 

duck densities during December and October in 1997-1998 and 1998-1999, respectively 

(Table 3.14). Tmscott Brine Lake exhibited the greatest estimated density of birds with 

the highest densities occurring in November of both seasons (Table 3.15). 
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Nonbreeding Bird Community Composition Discussion 

Tmscott Brine Lake as well as the two freshwater ponds serve as stopover/resting 

areas for migrating waterfowl with as many as 16,000 (density=13.5 birds/ha) birds using 

the lake during one month of this study. During the 1997-1998 season, 6,400 

(density=5.10 birds/ha) geese were counted at the lake, but during October and 

November of the 1998-1999 season only 75 (density=0.004 birds/ha) geese were 

recorded at the lake. No other optical field of view waterfowl counts within Knox 

County existed for comparison to our data. However, aerial counts were conducted at 

several nearby impoundments within the county. At 4 impoundments in Knox County, 

south of Tmscott Brine Lake, Texas Parks and WildHfe employees counted 172,216 

geese in 1999. In 1998, 37,815 geese were recorded at three impoundments south of the 

lake. Approximately 46,000 geese were counted in 1997 on two impoundments south of 

the lake near Benjamin, Texas (Ray 1999). It is not clear why there is less waterfowl use 

at Tmscott Brine Lake verses other impoundments in the county, but one explanation 

may be the availability of preferred foods at nearby wetlands and agricultural fields. 

However, selenium from Tmscott Brine Lake is most likely not greatly impacting the 

population of waterfowl in Knox County. 
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Nest Searching and Egg Collection Results 

During the 1997 field season, a total of 7 great blue heron, 6 double-crested 

cormorant, and 12 red-winged blackbird nests was monitored at Tmscott Brine Lake. 

Eight red-winged blackbird nests were monitored at the freshwater pond in 1997. IXiring 

the 1998 field season, a total of 8 great blue heron, 11 double-crested cormorant, and 5 

red-winged blackbird nests was monitored at the lake. Seven red-winged blackbird nests 

were monitored at the freshwater pond in 1998. 

Mean egg weight of great blue heron eggs in 1997 was 61.44 grams and 69.03 

grams in 1998 (Table 3.16). Double-crested cormorant eggs had a mean total egg weight 

of 43.33 g and 45.24 g in 1997 and 1998, respectively (Table 3.17). At Tmscott Brine 

Lake, red-winged blackbird total egg weights averaged 3.64 g in 1997 and 3.78 g in 1998 

(Table 3.18). Red-winged blackbird total egg weights at the freshwater pond averaged 

3.82 g in 1997 and 4.12 g in 1998 (Table 3.19). Egg weights were greater in 1998 than in 

1997 for all species. 

Egg selenium levels of great blue herons found at Tmscott Brine Lake ranged 

from 3.0 ppm to 18 ppm in 1997 and from 1.9 ppm to 8.8 ppm in 1998. Double-crested 

cormorant egg selenium levels ranged from 2.4 ppm to 18 ppm in 1997 and from 2.5 ppm 

to 9.4 ppm in 1998. Red-winged blackbird egg selenium levels from Tmscott Brine Lake 

ranged from 2.1 ppm to 3.2 ppm in 1997 and from 2.3 ppm to 3.2 ppm in 1998. Egg 

selenium levels of red-winged blackbirds collected at the freshwater pond ranged from 

2.0 ppm to 3.0 ppm in 1997 and from 2.0 ppm to 3.0 ppm again in 1998. All ranges are 

presented on a dry weight basis. Geometric mean egg selenium levels in 1997 were great 

blue heron = 5.8 ppm (dry weight), double-crested cormorant = 5.4 ppm, red-winged 
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blackbirds at the lake = 2.8 ppm, red-winged blackbirds at the pond = 2.5 ppm. 

Geometric means in 1998 were as follows, herons = 3.7 ppm, cormorants = 4.9 ppm, 

redwings at the lake = 2.7 ppm, and redwings at the pond = 2.7 ppm. Of the 15 great 

blue heron eggs collected at Tmscott Brine Lake over the two years of the study, 13% 

had selenium levels exceeding the threshold value of 10 ppm (dry weight) in eggs, and 

8% of the 17 double-crested cormorant eggs exceeded the threshold. No red-winged 

blackbird eggs (n=17) collected at Tmscott Brine Lake had selenium levels exceeding the 

threshold value. Egg selenium levels (on a wet weight basis) were different {P < 0.05) 

among species (F=3.45, P=0.0417, Degrees of Freedom (DF) = 2) at Tmscott Brine Lake 

but not between years (F=1.77, P=0.1916, DF=1). No species-year interaction was 

detected. Mean separation (using least squared means) showed piscivorous bird egg 

selenium levels to be higher than insectivorous bird egg selenium levels (Table 3.20). 

Red-winged blackbird mean egg selenium levels at Tmscott Brine Lake (1997: 0.484 ± 

0.028, 1998: 0.471 ± 0.043) were not different {P < 0.05) from red-winged blackbird 

mean egg selenium levels at the freshwater pond (1997: 0.473 ± 0.034, 1998: 0.456 ± 

0.036) (F=0.13, P=0.7211, DF=1). No year difference or site-year interaction was 

detected (F=0.18, P=0.6715, DF=1). A significant {P < 0.05) Hnear relationship existed 

(F=15.70, P=0.0006) between piscivorous bird egg selenium levels and the source nest's 

distance to the freshwater pond (Y = -0.165x + 1.042); meaning that for each 1 km 

increase in distance, there is a 0.165 ppm decrease in egg selenium level. However, with 

an r̂  value of only 0.406, only 40.6% of the variation in egg selenium levels was 

explained by a nest's distance from a freshwater source (Figure 3.4). No relationship 

39 



existed (F=0.38, P=0.5462) between red-winged blackbird egg selenium levels and the 

nest's distance to the freshwater pond {P < 0.05) (Figure 3.5). 

Nest Searching and Egg Collection Discussion 

Fresh weights of eggs from great blue herons at Tmscott Brine Lake were similar 

to great blue heron eggs measured by Bufler (1992) who reported fresh weights of 67.7 to 

79.9 grams. Red-winged blackbird eggs were reported to have mean fresh weights of 

4.02 to 4.07 grams (Yasukawa and Searcy 1995). Red-winged blackbird eggs at Tmscott 

Brine Lake had slightly lower mean weights. 

Egg selenium levels at the lake were all lower than the adverse effects threshold 

of 10 ppm (dry weight) (Heinz 1996) with the exception of two great blue heron eggs (18 

ppm and 13 ppm) and one double-crested cormorant egg (18 ppm). However, several 

eggs were nearing the threshold value. It is important to note that at least some portion 

of the population is impacted by the current selenium levels. Furthermore, considering 

the fact that threshold levels are only estimates, selenium levels at Tmscott Brine Lake 

may be affecting more than the few birds noted here. Possible explanations for these 

results include (1) birds nesting at the lake are moving away from the lake to forage and 

thus then- egg selenium levels are lower than might be expected or (2) the majority of the 

birds nesting at the lake are not harmed by the current waterbome selenium levels; this 

may be a result of differences in physiology among the individual birds and their ability 

to excrete selenium. Both great blue herons and double-crested cormorants were 

observed flying away from the lake several times a day. Cormorants were actually 

observed at the freshwater pond frequently, but no nests were found at that site. Thus, it 
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might be reasonable to suggest that they were feeding at the pond. However, it is also 

likely that cormorants were feeding at least some of the time at the lake because I 

observed plains killifish {Fundulus zebrinus) and Red River pupfish {Cyprinodon 

rubrofluviatilis), which are not likely to be found m the freshwater pond (Echelle et al. 

1972), in regurgitated food of nestlings. In addition, piscivorous bird egg selenium levels 

were related to the nest's distance to the freshwater pond; however, the relationship is not 

biologically meaningful in that the equation suggests the less selenium eaten in food 

items, the higher the selenium levels found in eggs. The relationship generated from this 

equation is most likely an artifact of more nests being sampled closer to the freshwater 

pond, thus there is a more accurate estimate of mean egg selenium near the pond verses 

further away. Therefore, the use of the freshwater pond by piscivorous birds as a source 

of non-contaminated food is unclear. Also, the exact foraging location of both the great 

blue herons and the cormorants is unknown at this point, and further research to 

determine this would be very useful in interpreting the impacts of the lake on its avian 

community. On the other hand, if birds are in fact feeding at the lake and waterbome 

selenium is not sufficient enough to cause elevated selenium levels in the majority of bird 

eggs, then one explanation for the few elevated levels could be the individual birds ability 

to excrete selenium. Thus, some birds can more easily rid themselves of selenium than 

others (Shamberger 1981). For example, in 14 out of 20 bam swallow eggs collected at a 

selenium-contaminated lake in east Texas, selenium levels were above background levels 

of 3 ppm (wet weight), but nest success at this site was higher than at a nearby 

uncontaminated control site. In contrast, red-winged blackbird eggs at the same site had 

mean egg levels of 11.1 ppm selenium with a greater than 50% depression in egg 
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hatchability (King et al. 1994, Skompa 1998). Red-winged blackbirds have smaller 

territories within marsh habitats ranging from 153-2890 m̂  with a mean size of about 

1,600 m (Yasukawa and Searcy 1995). Because the freshwater pond is only 800 m away 

from the lake, it is likely that the birds are feeding at both sites. Subsequently, we found 

that blackbird eggs collected at the freshwater pond had similar selenium levels to those 

blackbird eggs collected at Tmscott Brine Lake. In addition, we found that a red-winged 

blackbird nest's distance from a freshwater source had no relationship to the amount of 

selenium in the bird's eggs. Thus, it is likely that the freshwater pond does not benefit 

red-winged blackbirds nesting at Tmscott Brine Lake. Considering the above-mentioned 

information, it is unclear what the effects of the freshwater pond are on the reproductive 

success of birds of differing trophic levels nesting at the lake. Further research 

concerning these issues is needed. 

However, it is clear that piscivorous birds nesting at the lake had higher levels of 

selenium in their eggs than the insectivorous species. Thus, it appears that to some extent 

biomagnification of selenium is taking place at the lake. This point is of concern because 

if selenium levels in the lake rise, our finding suggests that higher trophic-level avian 

species may begin to be impacted. In addition, geometric mean egg selenium levels of 

great blue herons and double-crested cormorants were higher than 3 ppm, and red-winged 

blackbird means were nearing the 3 ppm level. This suggests that the environment they 

were collected from has an anthropogenic source of selenium enrichment that is not 

considered normal. Thus, Tmscott Brine Lake is contributing more than normal amounts 

of selenium to the local environment. Egg selenium levels at Kesterson ranged from 7 to 

70 ppm (dry weight), but at nearby Volta (an uncontaminated site), mean egg selenium 
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was less than 2 ppm and no abnormalities were found (Presser et al. 1994). As 

previously stated, geometric means at Tmscott Brine Lake were higher than 2 ppm in all 

cases. Furthermore, birds other than the target species nesting at the lake may be 

susceptible to selenium contamination. For example, a pair of black-necked stilts nested 

at the lake in 1998, and Skompa (1998) reported that water levels of only 3 ng/L 

selenium caused stilt egg selenium levels to reach toxic threshold levels. 

Thus, because at least some portion of the avian population is being affected by 

the current selenium levels and the fact that biomagnification is occurring at the site, 

immediate action to begin new research on species more suited to selenium evaluations 

should be conducted. In addition, we suggest that a long-term biological monitoring 

program be implemented at the site so that future avian population dynamics can be 

examined in conjunction with future selenium levels. 

Reproductive Success Results 

Nest success for the three target species was calculated for both 1997 and 1998. 

About 15% and 20% of great blue heron nests beginning incubation were expected to 

survive through the end of the nesthng period in 1997 and 1998, respectively. In 1997, 

approximately 3% of double-crested cormorant nests were expected to survive. In 1998, 

the percentage increased to 61%. Red-winged blackbirds at Tmscott Brine Lake 

decreased from 39% in 1997 to only 4% in 1998. In contrast, blackbirds at the freshwater 

pond showed about 2% survival in 1997 and a higher percentage of 17% surviving in 

1998 (Table 3.21). Daily survival estimates of piscivorous birds during incubation were 

higher {P < 0.05) than insectivorous birds (Z=2.60). Daily survival estimates of double-
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crested cormorants and great blue herons during the nestling period were not different {P 

< 0.05) (Z=0.611). The red-winged blackbird's daily survival estimate during the 

nestling period was not compared to the others because the estimate was 1.00. No 

variance existed for this estimate; and therefore, the z-statistic could not be properly 

calculated (Table 3.22). 

Reproductive Success Discussion 

Yasukawa and Searcy (1995) state that from 40.1 to 88.0% of red-winged 

blackbird eggs hatch successfully, and 40.0 to 88.0% of nestlings survive to nest leaving. 

Blackbirds at Tmscott Brine Lake had a hatching success of 29 % and a fledgling success 

of 100 %. Butler (1992) suggests that a mean of 2.3 great blue heron young/nest fledge 

successfully. A mean of 1.3 great blue heron young/nest fledged successfully at Tmscott 

Brine Lake. Ludwig (1984) recorded the number of double-crested cormorant nests at 13 

different rookeries in the Great lakes; the mean number of nests per site was 83. Tmscott 

Brine Lake, containing a much smaller rookery than those at the Great Lakes, supported 

over 30 cormorant nests during the 1998 season. In addition, cormorants nesting in 

Michigan had a mean clutch size of 3.58 eggs /nest in 1980, and the mean fledging rate 

was 2.02 chicks/nest from 1978 to 1981. Cormorants at Tmscott Brine Lake had a mean 

clutch size of 3.47 eggs/nest and a mean fledging rate of 1.05 chicks/nest (Ludwig 1984). 

One explanation for the low estimate of red-winged blackbird hatching success and the 

low heron and cormorant fledgling success at Tmscott Brine Lake may have been 

weather conditions (i.e., severe summer thunderstorms). Several of the nests during the 

two years of the study were found destroyed and floating in the water after significant 
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thunderstorm events. In addition, predation of eggs may have contributed to the low 

hatching success. All comparisons of daily survival estimates between years within a 

species were not different. The important point to note about this finding is that no 

decrease in reproductive success from 1997 to 1998 occurred for any of the three species 

observed at the lake. Due to the short-term nature of this study it is difficult to determine 

the effects of selenium on the reproductive success of the population of birds at the site. 

Assessing Food and Liver Selenium Levels of Breeding 

and Nonbreeding Birds 

Breeding Bird Collection Resuhs 

Mean red-winged blackbird liver weights in 1997 and 1998 were 1.27 and 1.26 grams, 

respectively. Food samples collected from the gizzard and esophagus had mean weights 

of 0.54 g in 1997 and 0.41 g in 1998. The majority of food samples contained at least 

50% vegetative material and seeds. The remainder of the food samples was composed of 

grasshopper and beetle parts, and one sample contained part of a decomposed plains 

killifish {Fundulus zebrinus). The geometric mean selenium level (on a wet weight basis) 

for all red-winged blackbird food samples (n=18) was 0.608 ppm and levels ranged from 

0.255 ppm to 1.781 ppm. Simple linear regression revealed a significant {P < 0.05) 

model (F=223.73, P=0.0001) to predict red-winged blackbird liver selenium levels (Y = 

2.3844x + 1.4205) with an r̂  of 0.978. For every 1 ppm increase in food selenium levels, 

there is a 2.3844 ppm increase in liver selenium in red-winged blackbirds. Ninety eight 

percent of the variation in liver selenium levels was explained by selenium levels in the 

corresponding bird's gizzard and esophagus contents (Figure 3.6). Red-winged blackbird 
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liver selenium levels ranged from 5.7 ppm to 19 ppm (dry weight) with a geometric mean 

of 9.18 ppm in 1997 and 5.6 ppm to 11 ppm with a geometric mean of 7.23 ppm in 1998. 

Statistical analysis showed that blackbird liver selenium levels (wet weight basis) 

between years (F=1.67, P=0.2\76, DF=1) and between sites (the lake and the freshwater 

pond) (F=2.86, P=0.1127, DF=1) were not different {P > 0.05) (Table 3.23). Livers were 

not collected from great blue herons or double-crested cormorants; however, an equation 

exists which suggests that egg selenium levels are equal to liver selenium levels times 

0.33. Using the red-winged blackbird liver and egg data collected in this study, I 

determined that this equation is valid for Tmscott Brine Lake. Therefore, expected liver 

selenium levels were calculated for the other two target species. From these findings, the 

percent of livers containing selenium levels exceeding the threshold value of 20 ppm (dry 

weight) for livers was determined (Table 3.24). 

Breeding Bird Collection Discussion 

Food selenium levels in red-winged blackbirds and American coots were 

compared to liver selenium levels of the same birds to determine to some extent the 

amount of biomagnification occurring at the sites. Red-winged blackbird liver selenium 

is strongly correlated to selenium levels in blackbu-d food items. Therefore, in the future 

invertebrates such as grasshoppers and beetles as well as seeds can be collected from 

areas near red-winged blackbird nests and analyzed for selenium in order to predict 

blackbird tissue selenium levels. The benefit of this is an increased ease in sampling, a 

decrease in time devoted to collection, and an avenue which would not require the 

collection of birds year after year. Using invertebrates and seeds to predict blackbird 
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liver selenium concentrations will be a cost effective, less time consuming method for 

long-term biological monitoring at the sites. In addition, as red-winged blackbird food 

selenium levels increase by 1 ppm, liver selenium will increase by 2.4 ppm. This 

supports the idea that selenium in food items of red-winged blackbirds at Tmscott Brine 

Lake is bioaccumulated within an individual and concentrates at higher levels in its 

tissues. These findings suggest that birds being exposed to selenium on a long-term 

basis, or at least over an entire season, are affected by selenium biomagnification, which 

may cause toxicity when waterbome selenium levels are higher. 

Liver selenium levels of red-winged blackbirds were determined to identify 

selenium burdens of adult birds inhabiting the sites during the breeding season. Lemly 

(1998) reported that liver selenium levels tjqjical for aquatic birds living in 

uncontaminated aquatic systems are less than 10 ppm on a dry-weight basis. In addition, 

he reports that residues that indicate ecosystem contamination is sufficient to cause 

reproductive impairment in aquatic birds are 20 to 30 ppm (dry weight). All red-winged 

blackbird liver samples collected from Tmscott Brine Lake over the two years of the 

study were below 10 ppm (dry weight). However, three of the ten liver samples of birds 

collected at the freshwater pond over the two years of the study had levels above 10 ppm, 

and two of those samples approached 20 ppm. I cannot explain this outcome; I can only 

speculate that foods with lower selenium levels that were available at the freshwater pond 

did not influence blackbird selenium levels in this particular case. In addition, it is 

possible that the birds did not even use the pond as a foraging area but rather fed at the 

lake. In addition to red-winged blackbird liver selenium levels, it is important to note 

that some of the expected liver selenium levels of piscivorous birds would have been 
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above the threshold level. Thus, current selenium levels would have affected at least 

some portion of both the insectivorous and piscivorous bird communities at the lake. My 

data suggest that current waterbome selenium levels at Tmscott Brine Lake are 

potentially impacting a portion of the residents receiving exposure to selenium over an 

entire season (such as red-winged blackbirds). 

Nonbreeding Bird Collection Results 

Nine species of waterfowl were collected from Tmscott Brine Lake and the 

freshwater ponds. Those species included gadwall {Anas strepera), American wigeon 

{Arms americana), northem shoveler {Anas clypeata), northem pintail {Anas acuta), 

bufflehead {Bucephala albeola), redhead {Aythya americana), canvasback {Aythya 

valisineria), mddy duck {Oxyura jamaicensis), and ring-necked duck {Aythya collaris). 

The majority of food samples collected from waterfowl and American coots at Tmscott 

Brine Lake contained a mixture of grit (sand), seeds, and vegetative material. Seven 

ducks, all of which were divers, contained invertebrates, either beetles (family 

Haliplidae) or snails (family Valvatidae). One canvasback had some type of vegetative 

tubers in its esophagus. Food samples (n=26) collected from American coots had 

selenium levels ranging from 0.00 ppm to 0.20 ppm (wet weight) with a geometric mean 

of 0.0604 ppm. No food samples from waterfowl were analyzed. No Hnear relationship 

was detected {P > 0.05) between food sample selenium content and liver selenium 

content of American coots (F=0.00, iM).9790) (Figure 3.7). Dabbling ducks had a 

geometric mean liver selenium level (wet weight) of 1.97 ppm and levels ranged from 

0.91 ppm to 4.58 ppm. Diving ducks had liver selenium levels ranging from 0.88 ppm to 
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3.96 ppm (wet weight) with a geometric mean of 1.72 ppm. American coots had a 

geometric mean liver selenium level of 1.39 ppm with a range of 0.66 ppm to 2.85 ppm 

(wet weight). A difference {P < 0.05) in liver selenium levels among the three groups of 

birds was detected (F=4.01, P=0.0227, DF=2) (Table 3.25). No year difference (F=0.31, 

/M).5807, DF=1) or group-year interaction was detected. 

Nonbreeding Bird Collection Discussion 

All American coot, food selenium levels were lower than 1.0 ppm (wet weight), 

and food selenium levels were not related to liver selenium levels. Thus, birds being 

exposed to selenium on a short-term basis, such as migrating waterfowl and coots using 

the lake as a stopover/resting site, do not appear to be affected by the current selenium 

levels in the lake. 

Once again, Lemly (1998) reported that liver selenium levels typical for aquatic 

birds living in uncontaminated aquatic systems are less than 10 ppm on a dry-weight 

basis. In addition, he reports that residues that indicate ecosystem contamination is 

sufficient to cause reproductive impairment in aquatic birds are 20 to 30 ppm (dry 

weight). Heinz et al. (1989) found that adult mallards exposed to 8-10 ppm dietary 

selenium had impaired reproduction and malformed young. Ohlendorf et al. (1986c) 

found that diving ducks in the San Francisco Bay had mean liver selenium levels ranging 

from 19.3 to 34.4 ppm (dry weight), values similar to those causing reproductive 

impairment. Five out of 75 liver samples collected from waterfowl and American coots 

at Tmscott Brine Lake and the freshwater pond had selenium levels higher than 3 ppm 

(wet weight), a value considered to be the threshold for reproductive impairment (Heinz 
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et al. 1989). Furthermore, normal concentrations of selenium for freshwater ducks are 

between 0.3 and 0.9 ppm (wet weight) (Pulz 1994). Dabbling ducks collected from 

Tmscott Brine Lake and the freshwater pond had mean liver selenium concentrations of 

1.97 ppm (wet weight), and diving ducks had a mean liver selenium level of 1.72 ppm. 

American coot liver selenium levels averaged 1.39 ppm. Although mean liver selenium 

concentrations are below the threshold value of 3 ppm, selenium levels in this study are at 

least twice the amount considered normal for freshwater ducks. Dabbling and diving 

ducks collected at the sites had similar liver selenium levels, and divers and coots had 

similar liver levels. However, dabblers had higher liver selenium levels than coots. One 

explanation for these findings is that dabbling ducks tend to forage in more shallow water 

where evaporation rates are higher and thus selenium is more concentrated verses divers 

and coots which tend to forage in deeper water where evaporation is not as great. The 

important point to note from this liver data is that mean liver selenium levels are above 

normal concentrations, 7% of the waterfowl and coot livers collected had values above 

threshold levels, and selenium may be concentrating in and affecting birds in different 

ways depending on their feeding strategy and where they forage. 
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Table 3.1: Taxonomical total species list at Truscott Brine Lake 
for 1997 and 1998 combined. 
(includes point count survey (P), winter inventory (W), and incidental sighting (I) data) 

Taxonomical Class Method Used to Sight Species 

AccJDltridae 
Mississippi Kite (Ictinia mississippiensis) 
Northem Harrier (Circus cyaneus) 
Osprey (Pandlon haliaetus) 
Red-tailed Hawk (Buteo jamaicensis) 
Swainson's Hawk (Buteo swainsoni) 

Alcedinidae 
Belted Kingfisher (Ceryle alcyon) 

Anatidae 
American Wigeon (Anas americana) 
Blue-winged Teal (Anas discors) 
Bufflehead (Bucephala albeola) 
Canada Goose (Branta canadensis) 
Canvasback (Aythya valisineria) 
Common Goldeneye (Bucephala clangula) 
Gadwall (Anas strepera) 
Greater Scaup (Aythya marila) 
Greater White-fronted Goose (Anser albifrons) 
Green-winged Teal (Anas crecca) 
Hooded Merganser (Lophodytes cucullatus) 
Lesser Scaup (Aythya affinis) 
Mallard (Anas platyrhynchos) 
Mute Swan (Cygnus olor) 
Northem Pintail (Anas acuta) 
Northem Shoveler (Anas clypeata) 
Redhead (Aythya americana) 
Ring-necked Duck (Aythya collaris) 
Ruddy Duck (Oxyura jamaicensis) 

Apodidae 
Chimney Swift (Chaetura pelagica) 

Ardeidae 
Black-crowned Night Heron (Nyctlcorax nyctlcorax) 
Cattle Egret (Bubulcus ibis) 
Great Blue Heron (Ardea herodias) 
Great Egret (Casmerodius albus) 
Green-backed Heron (Butorides striatus) 
Little Blue Heron (Egretta caerulea) 
Snowy Egret (Epretta thula) 

P 
W 
P.I 
P 
P 

W 
P,W 
W 
W 

P.W 
W 

P.W 
W 
W 

P.W 
W 
W 

P.W 
P 
W 

P,W 
W 
W 

P,W 

P 
P 
P 
P 
P 

P.I 
P 

51 



Table 3.1. Continued. 

Taxonomical Class Method Used to Sight Species 

CaprimulQidae 
Common Nighthawk (Chordeiles minor) 

Cathartidae 
Turî ey Vulture (Cathartes aura) 

Charadriidae 
Plover spp. (Charadrius) 
Killdeer (Charadrius voclfems) 

Columbidae 
Mourning Dove (Zenaida macroura) 

Corvidae 
American Crow (Corvus brachyrhynchos) 
Blue Jay (Cyanocitta cristata) 

Cuculidae 
Greater Roadmnner (Geococcyx califomianus) 
Yellow-billed Cuckoo (Coccyzus americanus) 

Emberizidae 
American Tree Sparrow (Spizella arborea) 
Blue Grosbeak (Guiraca caerulea) 
Brown-headed Cowbird (Molothrus ater) 
Cassin's Sparrow (Aimophila cassinii) 
Chipping Sparrow (Spizella passerina) 
Common Grackle (Quiscalus quiscula) 
Daric-eyed Junco (Junco hyemalis) 
Eastem meadowlarit (Stumella magna) 
Field Sparrow (Spizella pusilla) 
Grasshopper Sparrow (Ammodramus savannarum) 
Great-tailed Grackle (Quiscalus mexicanus) 
Indigo Bunting (Passerina cyanea) 
Lart̂  Span"ow (Chondestes grammacus) 
Northem Cardinal (Cardinalis cardinalls) 
Northem Oriole (Bullock's) (Ictems galbula) 
Painted Bunting (Passerina ciris) 
Red-winged Blackbird (Agelaius phoeniceus) 
Rufous-crowned Sparrow (Aimophila ruficeps) 
Savanna Sparrow (Passerculus sandwichensis) 
Unknown Sparrow spp. 
Western Meadowlaric (Stumella neglecta) 
White-crowned Sparrow (Zonotrichia leucophrys) 

P 
P 

P 
P 

P 
P 

P 
P.l 
P 
P 
P 
I 
I 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
W 
P 
I 
P 
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Table 3.1: Continued. 

Taxonomical Class Method Used to Sight Species 

Emberizidae Continued 
White-throated Sparrow (Zonotrichia albicollis) p 
Yellow Wart3ler (Dendroica petechia) P 
Yellow-headed Blackbird (Xanthocephalus xanthocephalus) P 

Falconidae 
American Kestrel (Faico sparverius) p^\ 

Frinaillidae 
American Goldfinch (Carduelis tristis) I 

Gaviidae 
Common Loon (Gavia immer) p,l 

Himndinidae 
Bam Swallow (HIrundo mstica) p 
Tree Swallow (Tachycineta bicolor) p 

Laniidae 
Loggerhead Shrike (Lanius ludoviclanus) I 

Laridae 
Black Tem (Childonias niger) I 
Laughing Gull (Lams atricilla) P 
Least Tem (Sterna antillamm) P 

Mimidae 
Northem Mockingbird (Mimus polyglottos) P 

Pelecanidae 
American White Pelican (Pelecanus erythrorhynchos) P,l 

Phalacrocoracidae 
Double-crested Cormorant (Phalacrocorax auritus) P 

Phasianidae 
Chukar (Alectoris chukar) I* 
Northem Bobwhite (Colinus virginianus) P 
Ring-necked Pheasant (Phasianus colchicus) I* 
Wild Turkey (Meleagris gallopavo) P 

NOTE: r = The USACE released these two species at the 
lake 
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Table 3.1: Continued. 

Taxonomical Class Method Used to Sight Species 

Picidae 
Downy Woodpecker (Picoldes pubescens) 
Golden-fronted Woodpecker (Melanerpes aurifrons) 
Ladder-backed Woodpecker (Picoldes scalaris) 
Northem Flicker (Colaptes auratus) 
Red-bellied Woodpecker (Melanerpes carolinus) 

Podicjpedidae 
Eared Grebe (Podiceps nigricollis) 
Homed Grebe (Podiceps auritus) 
Pied-billed Grebe (Podilymbus podiceps) 
Western Grebe (Aechmophoms occidentalls) 

Rallidae 
American Coot(Fulica americana) 

Recurvirostridae 
American Avocet (Recurvirostra americana) 
Black-necked Stilt (Himantopus mexicanus) 

Scolopacidae 
Greater Yellowlegs (Tringa melanoleuca) 
Least Sandpiper (Calidris minutilla) 
Long-billed Curiew (Numenius americanus) 
Long-billed Dowitcher (Limnodromus scolopaceus) 
Sanderiing (Calidris alba) 
Spotted Sandpiper (Actitis macularia) 
Upland Sandpiper (Bartramia longicauda) 
Whimbrel (Numenius phaeopus) 

I 
P 
P 
P 
I 

P 
P 

P.W 

P 
P,W 

P,W 
P 
P 
P 
P 
P 

P.l 
P 

Strigidae 
Great Homed Owl (Bubo virginianus) 

Threskiomithidae 
WhKe-faced Ibis (Plegadis chihi) 

P.l 

P 

TroQlodvtidae 
Bewick's Wren (Thryomanes bewickii) 
Carolina Wren CThryothoms ludoviclanus) 

P 
P 

Tvrannidae 
Ash-throated Flycatcher (Myiarchus cinerascens) 
Eastem Kingbird (Tyrannus tyrannus) 
Eastem Phoebe (Sayomis phoebe) 
Great-crested Flycatcher (Myiarchus crinitus) 

Scissor-tailed Flycatcher (Tyrannus forficatus) 
Western Kingbird (Tyrannus verticalis) 

P 
P 
P 
P 

P 
P 
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Table 3.2: Taxonomical total species list at Area VIII 
for 1997 and 1998 combined. 
(includes point count survey (P), winter Inventory (W). and incidental sighting (I) data) 

Taxonomical Class Method Used to Sight Species 

Alcedinidae 
Belted Kingfisher (Ceryle alcyon) 

Anatidae 
American Wigeon (Anas americana) 
Blue-winged Teal (Anas discors) 
Common Goldeneye (Bucephala clangula) 
Lesser Scaup (Aythya affinis) 
Northem Shoveler (Anas clypeata) 
Ring-necked Duck (Aythya collaris) 
Ruddy Duck (Oxyura jamaicensis) 

Ardeidae 
Great Blue Heron (Ardea herodias) 
Green-backed Heron (Butorides striatus) 
Snowy Egret (Egretta thula) 

CaprimulQidae 
Common Nighthawk (Chordeiles minor) 

Cathartidae 
Turî ey Vulture (Cathartes aura) 

Charadriidae 
Killdeer (Charadrius vocifems) 

Columbidae 
Mourning Dove (Zenaida macroura) 

Emberizidae 
American Tree Sparrow (Spizella arborea) 
Brown-headed Cowbird (Molothms ater) 
Dark-eyed Junco (Junco hyemalis) 
Eastem meadowlaric (Stumella magna) 
Great-tailed Grackle (Quiscalus mexicanus) 
Indigo Bunfing (Passerina cyanea) 
Lark Sparrow (Chondestes grammacus) 
Northem Cardinal (Cardinalis cardinalis) 
Northem Oriole (Bullock's) (Ictems galbula) 
Red-winged Blackbird (Agelaius phoeniceus) 
Unknown Sparrow spp. 

Mimidae 
Northem Mockingbird (Mimus polyglottos) 

W 
WJ 
W 
W 
W 
W,l 
W 

P 
P 
P 

P 

P 

P 
P 
I 
P 
P 
I 
P 
P 
P 
P 
P 
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Table 3.2: Continued. 

Taxonomical Class Method Used to Sight Species 

Paridae 
Tufted Titmouse (Pams bicolor) 

Phalacrocoracidae 
Double-crested Cormorant (Phalacrocorax auritus) 

Phasianidae 
Northem Bobwhite (Colinus virginianus) 

Picidae 
Golden-fronted Woodpecker (Melanerpes aurifrons) 

Podicjpedidae 
Eared Grebe (Podiceps nigricollis) 

Scolopacidae 
Greater Yellowlegs (Tringa melanoleuca) 

Troglodvtidae 
Bewick's Wren (Thryomanes bewickii) 

Tvrannidae 
Ash-throated Flycatcher (Myiarchus cinerascens) 
Scissor-tailed Flycatcher (Tyrannus forficatus) 

P 

W 

P 

P 

P 
P 
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Table 3.3: Taxonomical total species list at the freshwater ponds 
for 1997 and 1998 combined. 
(includes point count survey (P), winter Inventory (W), and incidental sighting (I) data) 

Taxonomical Class Method Used to Sight Species 

Accipitridae 
Osprey (Pandlon haliaetus) 

Alcedinidae 
Belted Kingfisher (Ceryle alcyon) 

Anatidae 
American Wigeon (Anas americana) 
Blue-winged Teal (Anas discors) 
Bufflehead (Bucephala albeola) 
Canada Goose (Branta canadensis) 
Canvasback (Aythya valisineria) 
Gadwall (Anas strepera) 
Green-winged Teal (Anas crecca) 
Hooded Merganser (Lophodytes cucullatus) 
Lesser Scaup (Aythya affinis) 
Mallard (Anas platyrhynchos) 
Mute Swan (Cygnus olor) 
Northem Pintail (Anas acuta) 
Northem Shoveler (Anas clypeata) 
Redhead (Aythya americana) 
Ring-necked Duck (Aythya collaris) 
Ruddy Duck (Oxyura jamaicensis) 

Ardeidae 
Black-crowned Night Heron (Nyctlcorax nyctlcorax) 
Cattle Egret (Bubulcus ibis) 
Great Blue Heron (Ardea herodias) 
Great Egret (Casmerodius albus) 
Green-backed Heron (Butorides striatus) 
Little Blue Heron (Egretta caemiea) 
Snowy Egret (Egretta thula) 

CaprimulQidae 
Common Nighthawk (Chordeiles minor) 

Cathartidae 
Turt̂ ey Vulture (Cathartes aura) 

Charadriidae 
Killdeer (Charadrius vocifems) 

Columbidae 
Mourning Dove (Zenaida macroura) 

W 
P.W 
W 
W 
W 
W 

P.W 
W 
W 

P.W 
I 

W 
W 
W 
W 

P.W 

P 
P 
P 
P 
P 
P 
P 
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Table 3.3: Continued. 

Taxonomical Class Method Used to Sight Species 

Corvidae 
American Crow (Corvus brachyrtiynchos) 

Cuculidae 
Greater Roadmnner (Geococcyx califomianus) 
Yellow-billed Cuckoo (Coccyzus americanus) 

Emberizidae 
American Tree Sparrow (Spizella artx)rea) 
Brown-headed Cowbird (Molothms ater) 
Cassin's Span'ow (Aimophila cassinii) 
Chipping Sparrow (Spizella passerina) 
Common Grackle (Quiscalus quiscula) 
Eastem meadowlaric (Stumella magna) 
Great-tailed Grackle (Quiscalus mexicanus) 
Lark Sparrow (Chondestes grammacus) 
Northem Cardinal (Cardinalis cardinalis) 
Northem Oriole (Bullock's) (Ictems galbula) 
Red-winged Blackbird (Agelaius phoeniceus) 
Yellow-headed Blackbird (Xanthocephalus xanthocephalus)^ 
Yellow-mmped Warbler (Dendroica coronata) 

Himndinidae 
Tree Swallow (Tachycineta bicolor) 

Laniidae 
Loggerhead Shrike (Lanius ludovicianus) 

Laridae 
Laughing Gull (Lams atricilla) 

Mimidae 
Northem Mockingbird (Mimus polyglottos) 

P 
P 

P 
P 
I 
I 
P 
P 
P 
P 
I 
P 
P 
P 
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Table 3.3: Continued. 

Taxonomical Class Method Used to Sight Species 

Pelecanidae 
American White Pelican (Pelecanus erythrorhynchos) 

Phalacrocoracidae 
Double-crested Cormorant (Phalacrocorax auritus) 

Phasianidae 
Northem Bobwhite (Colinus virginianus) 

Picidae 
Ladder-backed Woodpecker (Picoldes scalaris) 

Podicipedidae 
Eared Grebe (Podiceps nigricollis) 
Pied-billed Grebe (Podilymbus podiceps) 

Rallidae 
American Coot (Fulica americana) 

Recurvirostridae 
American Avocet (Recurvirostra americana) 
Black-necked Stilt (Himantopus mexicanus) 

Scolopacidae 
Greater Yellowlegs (Tringa melanoleuca) 
Spotted Sandpiper (Actitis macularia) 

Threskiomithidae 
White-faced Ibis (Plegadis chihi) 

TroQlodvtidae 
Bewick's Wren (Thryomanes bewickii) 

Tvrannidae 
Ash-throated Flycatcher (Myiarchus cinerascens) 
Scissor-tailed Flycatcher (Tyrannus forficatus) 

P 
P 

P.W 

P 
P 

P 
P 

P 

P 

P 
P 
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Table 3.4. Monthly species richness estimated from point count survey data at 
three sites in the Texas rolling plains for both 1997 and 1998. 

Site 

Tmscott Brine Lake 
1997 
1998 

Freshwater Ponds 
1997 
1998 

Area VIII 
1997 
1998 

April̂  

NA 
52 

NA 
17 

NA 
11 

May'' 

40 
45 

NA 
20 

9 
13 

June 

31 
39 

12 
20 

10 
9 

July 

35 
44 

17 
22 

7 
9 

August 

37 
43 

12 
21 

7 
10 

^ = Point Count Surveys were not conducted in April 1997 

^ = Point Count Surveys were not conducted at the Freshwater Ponds in May 1997 
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Table 3.5. Monthly diversity estimates calculated from point count survey data 
at four sites in the Texas rolling plains for both 1997 and 1998. 

Site 

Truscott Brine Lake 
1997 
1998 

Freshwater Pond 1 
1997 
1998 

Freshwater Pond 2^ 
1997 
1998 

Area VIII 
1997 
1998 

April̂  

NA 
0.9399 

NA 
0.8966 

NA 
0.9000 

NA 
0.9239 

May^ 

0.9403 
0.9443 

NA 
0.8626 

NA 
0.9109 

0.9053 
0.9032 

June 

0.9449 
0.9433 

0.8739 
0.2076 

NA 
0.88822 

0.9033 
0.8581 

July 

0.8272 
0.9167 

0.9096 
0.6267 

NA 
0.5157 

0.8497 
0.9191 

August 

0.8853 
0.8479 

0.8032 
0.5905 

NA 
0.7925 

0.8462 
0.7230 

^ = Diversity was not calculated in April 1997 
" = Diversity was not calculated for Freshwater Pond 1 in May 1997 

'^ = Diversity was not calculated for Freshwater Pond 2 in 1997 
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Table 3.6. Average abundance estimates from point count survey data 
for Truscott Brine Lake in 1997. 

Species 
American Coot 
American Crow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Black-crowned Night Heron 
Blue-winged Teal 
Brown-headed Cowbird 
Cassin's Sparrow 
Cattle Egret 
Chimney Swift 
Common Loon 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastern Kingbird 
Eastem Meadowlark 
Gadwall 
Golden Fronted Woodpecker 
Grasshopper Sparrow 
Great Blue Heron 
Great Egret 
Great Homed Owl 
Great-aested Flycatcher 
Greater Roadrunner 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Killdeer 
Ladder-backed Woodpecker 
Lark Sparrow 
Laughing Gull 
Least Tern 
Long-billed Curlew 
Mallard 
Mississippi Kite 
Mourning Dove 
Mute Swan 
Northern Bobwhite 
Northern Cardinal 

Average 
Abundance 

0.05 
0.6375 

0.25 
0.075 
1.3625 
0.0375 

0.6 
0.375 
0.0125 
5.325 

0.0125 
0.0375 
0.5625 
1.475 

0.2375 
0.025 
0.9875 

0.3 
0.125 
0.0375 

0.75 
1.05 

0.0125 
0.0125 

0.2 
0.9125 

0.2 
0.15 
0.9 

0.0125 
0.475 
0.05 

0.0125 
0.05 

1.9625 
0.025 
2.275 
0.0125 

0.8 
0.9 

Species 
Mouming Dove 
Mute Swan 
Northem Bobwhite 
Northern Cardinal 
Northern Mockingbird 
Northern Oriole (Bullock's) 
Northern Shoveler 
Painted Bunting 
Pied-billed Grebe 
Plover Spp. 
Red-winged Blackbird 
Scissor-tailed Flycatcher 
Snowy Egret 
Swainson's Hawk 
Tree Swallow 
Turkey Vulture 
Westem Kingbird 
White-faced Ibis 
Yellow-billed Cuckoo 
Yellow-headed Blackbird 

Average 
Abundance 

2.275 
0.0125 

0.8 
0.9 

1.2375 
0.025 
0.025 
0.0125 
0.175 
0.1125 

1.7 
0.8625 

0.45 
0.025 
0.4875 
0.3875 
0.0125 
0.0125 
0.0375 
0.125 
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Table 3.7. Average abundance estimates from point count survey data 
for Truscott Brine Lake in 1998. 

Species 
Average 

Abundance Species 
Average 

Abundance 
American Avocet 
American Coot 
American Crow 
American Kestrel 
American Tree Sparrow 
American White Pelican 
Ash-throated Flycatcher 
Barn Swallow 
Belted Kingfisher 
Bewick's Wren 
Black-crowned Night Heron 
Black-necked Stilt 
Blue Grosbeak 
Blue Jay 
Blue-winged Teal 
Brown-headed Cowbird 
Canvasback 
Carolina Wren 
Cassin's Sparrow 
Cattle Egret 
Chipping Sparrow 
Common Loon 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastern Meadowlark 
Eastem Phoebe 
Field Sparrow 
Gadwall 
Golden Fronted Woodpecker 
Great Blue Heron 
Great Egret 
Great Horned Owl 
Great-crested Flycatcher 
Greater Roadrunner 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Green-winged Teal 
Indigo Bunting 
Killdeer 

0.13 
0.68 
0.32 
0.01 
0.17 
0.2 
0.09 
0.03 
0.19 
1.24 
0.02 
0.14 
0.02 
0.04 
3.76 
0.55 
0.03 
0.02 
0.28 
3.41 
0.01 
0.04 
0.48 
2.11 
0.83 
0.8 
0.01 
0.02 
0.01 
0.08 
0.89 
1.59 
0.01 
0.03 
0.12 
0.34 
0.57 
0.12 
0.02 
0.01 
0.76 

Ladder-backed Woodpecker 
Lark Sparrow 
Laughing Gull 
Least Tem 
Least Sandpiper 
Little Blue Heron 
Long-billed Dowitcher 
Mallard 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Flicker 
Northem Mockingbird 
Northern Oriole (Bullock's) 
Northem Shoveler 
Osprey 
Painted Bunting 
Pied-billed Grebe 
Red-tailed Hawk 
Red-winged Blackbird 
Ruddy Duck 
Rufous-crowned Sparrow 
Sanderiing 
Scissor-tailed Flycatcher 
Snowy Egret 
Spotted Sandpiper 
Swainson's Hawk 
Tree Swallow 
Turkey Vulture 
Unknown Sparrow Spp. 
Upland Sandpiper 
Western Grebe 
Whimbrel 
White-crowned Sparrow 
White-faced Ibis 
White-throated Sparrow 
Wild Turkey 
Yellow WartDler 
Yellow-billed Cuckoo 

0.06 
0.71 
0.86 
0.14 
0.6 
0.24 
0.11 
4.84 
3.03 
0.95 
0.62 
0.01 
1.23 
0.01 
0.17 
0.01 
0.02 
0.25 
0.01 
3.32 
0.01 
0.08 
0.19 
0.82 
1.41 
0.01 
0.03 
1.7 

0.14 
0.01 
0.01 
0.03 
0.07 
0.04 
0.21 
0.02 
0.05 
0.01 
0.12 
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Table 3.8. Average abundance estimates from point count survey data 
for Area VIII in both 1997 and 1998. 

1997 1998 

Species 
Average 

Abundance 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Common Nighthawk 
Green-backed Heron 
Killdeer 
Mourning Dove 
Northem Bobwhite 
Northern Cardinal 
Northern Mockingbird 
Red-winged Blackbird 
Scissor-tailed Flycatcher 
Tufted Titmouse 
Turkey Vulture 

Species 
2.0 
0.5 

2.75 
1.0 

0.75 
0.5 
3.25 
0.25 
1.5 

2.25 
1.0 
2.5 
0.5 
0.25 

American Tree Sparrow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Brown-headed Cowbird 
Canyon Wren 
Eastern Meadowlark 
Golden-fronted Woodpecker 
Great Blue Heron 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Killdeer 
Lark Sparrow 
Mourning Dove 
Northern Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Northern Oriole (Bullock's) 
Scissor-tailed Flycatcher 
Snowy Egret 
Turkey Vulture 
Unknown Sparrow Spp. 

Average 
Abundance 

0.4 
0.6 
0.6 
3.0 
0.2 
0.4 
0.4 
0.2 
0.6 
0.8 
3.4 
0.2 
0.4 
0.2 
3.6 
1.4 
1.4 
1.6 
0.6 
2.4 
0.4 
6.4 
0.2 
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Table 3.9. Average abundance estimates from point count survey data 
for Freshwater Pond 1 in both 1997 and 1998. 

1997 

Species 
American Crow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Blue-winged Teal 
Brown-headed Cowbird 
Cattle Egret 
Common Nighthawk 
Double-crested Cormorant 
Eastern Meadowlark 
Great Blue Heron 
Great Egret 
Great-tailed Grackle 
Green-backed Heron 
Lark Sparrow 
Mallard 
Mourning Dove 
Northern Bobwhite 
Northern Cardinal 
Northern Mockingbird 
Pied-billed Grebe 
Red-winged Blackbird 
Ruddy Duck 
Scissor-tailed Flycatcher 
Tree Swallow 
Yellow-billed Cuckoo 

Average 
Abundance 

0.33 
0.33 
1.67 
1.33 
4.67 
2.33 
0.67 
0.33 
0.67 
0.67 
0.33 
0.33 
1.33 
0.67 
3.67 
0.67 
9.67 
3.0 
1.0 
1.33 
0.33 
6.0 
0.33 
1.67 
0.67 
0.33 

1998 

Species 
American Avocet 
American Coot 
Belted Kingfisher 
Bewick's Wren 
Blue-winged Teal 
Cassin's Sparrow 
Cattle Egret 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastem Meadowlark 
Great Blue Heron 
Great Egret 
Greater Roadrunner 
Greater Yellowlegs 
Green-backed Heron 
Green-winged Teal 
Killdeer 
Lark Sparrow 
Mallard 
Mourning Dove 
Northern Bobwhite 
Northern Cardinal 
Northern Mockingbird 
Pied-billed Grebe 
Red-winged Blackbird 
Ruddy Duck 
Scissor-tailed Flycatcher 
Spotted Sandpiper 
Tree Swallow 
Yellow-billed Cuckoo 
Yellow-headed Blackbird 
Yellow-rumped Warbler 

Average 
Abundance 

1.6 
3.2 
1.2 
0.4 
11.2 
0.4 
1.8 
0.2 
0.4 
0.2 
0.4 
0.2 
1.4 
1.2 
0.2 
0.2 
1.2 
1.4 
0.4 
0.8 
18.6 
1.6 
1.0 
0.4 
1.0 
9.6 
3.4 
1.8 
0.8 
56.8 
0.8 
0.4 
0.4 
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Table 3.10. Average abundance estimates from point count survey data 
for Freshwater Pond 2 in 1998. 

Average 
Species Abundance 
American Crow 0.2 
American Coot 0.6 
Belted Kingfisher 0.6 
Bewick's Wren 2.4 
Black-crowned Night Heron 0.4 
Black-necked Stilt 0.4 
Blue-winged Teal 9.0 
Brown-headed Cov\̂ ird 0.4 
Eared Grebe 0.2 
Eastern Meadowlark 0.4 
Great Blue Heron 0.2 
Great Egret 1.6 
Greater Roadrunner 0.4 
Greater Yellowlegs 1.0 
Great-tailed Grackle 0.8 
Green-backed Heron 1 4 
Killdeer 2.4 
Ladder-backed Woodpecker 0.2 
Lark Sparrow 1 -4 
Little Blue Heron 1 4 
Mallard 7.0 
Mourning Dove 21.0 
Northern Bobwhite 0.8 
Northem Cardinal 1 -6 
Northern Mockingbird 0.6 
Pied-billed Grebe 0.2 
Red-winged Blackbird 7.6 
Scissor-tailed Flycatcher 0.6 
Snowy Egret 0.4 
Tree Swallow 2.2 
Turkey Vulture 1 -8 
White-faced Ibis 3.0 
Yellow-billed Cuckoo 0,2 ^ 
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Table 3.11. Monthly nonbreeding bird densities (birds/ha) at Truscott Brine 
Lake for both the 1997-1998 and 1998-1999 seasons. 

1997-1998 Season: 

Month Ducks Coots Combo. Geese Grebes 

November 
December 
January 
February 

0.386 
0.113 
0.084 
0.190 

4.376 
1.182 
0.837 
1.217 

4.271 
2.114 
0.708 
0.845 

0.076 
2.647 
2.171 
0.205 

0.018 
0.0024 
0.015 
0.0088 

1998-1999 Season: 

Month 
October 
November 

Ducks 
0.837 
1.076 

Coots 
10.536 
12.311 

Geese 
0 

0.0040 

Grebes 
0.053 
0.057 

Table 3.12. Monthly nonbreeding bird densities (birds/ha) at Area VIII 
for both the 1997-1998 and 1998-1999 seasons. 

1997-1998 Season: 

Month Ducks Grebes 

November 
December 
January 
February 

0 
0 

2.8 
1.4 

0.8 
0 
0 
0 

1998-1999 Season: 

Month 
October 
November 

Ducks Grebes 
0 

2.0 
0.4 
0.4 
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Table 3.13. Monthly nonbreeding bird densities (birds/ha) at Freshwater 
Pond 1 for both the 1997-1998 and 1998-1999 seasons. 

1997-1998 Season: 

Month 
November 
December 
January 
February 

Ducks Coots Combo. Geese Grebes 
5.37 5.07 0 0 0.049 

0.195 2.61 1.22 17.80 0.024 
4.15 1.54 0 0 0 
1.00 1.85 0 2.71 0.012 

1998-1999 Season: 

Month 
October 
November 

Ducks 
0.902 
0.854 

Coots 
1.66 
4.27 

Grebes 
0.049 
0.512 

Table 3.14. Monthly nonbreeding bird densities (birds/ha) at Freshwater 
Pond 2 for both the 1997-1998 and 1998-1999 seasons. 

1997-1998 Season: 

Month Ducks Coots 
November 0 0 
December 3.0 2.0 
January 0.93 2.27 
February 2.4 1.6 

1998-1999 Season: 

Month 
October 
November 

Ducks Coots 
1.8 
1.0 

0.53 
0.93 
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Table 3.15. Monthly total nonbreeding bird densities (birds/ha) at four sites in the 
Texas Rolling Plains for both the 1997-1998 and 1998-1999 seasons. 

Site 

Truscott Brine Lake 
1997-1998 
1998-1999 

Freshwater Pond 1 
1997-1998 
1998-1999 

Freshwater Pond 2 

1997-1998 
1998-1999 

Area VIII 
1997-1998 
1998-1999 

October 

NA^ 
11.425 

NA^ 
2.609 

NA^ 
2.333 

NA^ 
0.4 

November 

9.127 
13.504 

10.488 
5.634 

0 
1.933 

0.8 
2.4 

December 

6.059 
NA** 

21.854 
NA^ 

5.0 
NA'' 

0 
NA'' 

January 

3.815 
NA" 

5.683 
NA" 

3.2 
NA** 

2.8 
NA" 

February 

2.465 
NA" 

5.683 
NA" 

4.0 
NA" 

1.4 
NA" 

^ = Nonbreeding bird counts were not conducted in October of the 1997-1998 season. 

" = Nonbreeding bird counts were conducted only in October and November of the 1998-1999 
season. 
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Table 3.19. Physical measurements of red-winged blackbird eggs collected 
at the freshwater pond in both 1997 and 1998. 

1997 

Measurement 

# eggs/nest 
Egg Length (cm) 
Egg Width (cm) 
Total Egg Weight (g) 
Jar Weight (g) 
Jar with Contents 
(g) 
Contents Weight (g) 
Shell Weight (g) 

Identification Label 
1 

2 
2.5 
1.79 
4.28 
88.08 
91.76 

3.68 
0.6 

2 

2 
2.49 
1.79 
3.92 

118.65 
121.74 

3.09 
0.83 

3 

4 
2.49 
1.82 
3.87 

119.56 
122.6 

3.04 
0.83 

4 

1 
2.42 
1.76 
2.36 
127 

128.93 

1.93 
0.43 

5 

4 
2.38 
1.68 
3.61 

120.66 
123.93 

3.27 
0.34 

6 

4 
2.55 
1.91 
4.6 

118.56 
122.77 

4.21 
0.39 

7 

4 
2.29 
1.72 
3.67 

118.42 
121.53 

3.11 
0.56 

8 

3 
2.53 
1.8 

4.27 
130.68 
134.39 

3.71 
0.56 

1998 

Measurement 

# eggs/nest 
Egg Length (cm) 
Egg Width (cm) 
Total Egg Weight (g) 
Jar Weight (g) 
Jar with Contents 
(g) 
Contents Weight (g) 
Shell Weight (g) 

Identification Label 
C 

3 
2.39 
1.87 
4.4 

121.7 
125.78 

4.08 
0.32 

D 
4 

2.41 
1.86 
4.45 

122.07 
126.19 

4.12 
0.33 

E 

4 
2.44 
1.7 

3.49 
121.29 
124.44 

3.15 
0.34 

F 

1 
2.57 
1.76 
4.16 

122.01 
125.15 

3.14 
1.02 

G 

2 
2.45 
1.84 
4.3 

122.52 
126.14 

3.62 
0.68 

H 

2 
2.47 
1.76 
3.91 

121.77 
125.37 

3.6 
0.31 

1 

2 
2.8 
1.76 
4.13 
121.8 
125.58 

3.78 
0.35 
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Table 3.20. Mean egg selenium levels (wet weight) from three species at 
Truscott Brine Lake, Texas. 

Mean Egg Selenium 
Species (ppm) Standard Error 

Great Blue Heron 1.079 a ^' 0.1722 

Double-crested 
Cormorant 1.005 a 0.1851 

Red-winged Blackbird 0.4773 b 0.1771 
1/ Means followed by the same lower case letter are not different (P>0.05). 
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Table 3.22. Daily survival estimates combined over two years for three target 
species at Truscott Brine Lake. 

Species 

Great Blue Heron 

Daily Survival Estimate 
Incubation 

0.9652 ± 0.0002a 1/ 

Daily Survival Estimate 
Nestling 

0.9873 ± 0.00004a 

Double-crested 
Cormorant 

Red-winged Blackbird 

0.9765 ± 0.0001a 

0.8922 ± 0.0009b 

0.9904 ± 0.00003a 

1.0000^ 
1/ All comparisons of daily survival estimates between species within a pericxJ 
followed by the same lower case letter are not different at a=0.05. 
2/ Daily survival estimate not compared to others within the period because a 
variance could not be established and therefore a z-statistic could not be properly 
calculated. 
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Table 3.23. Mean (± standard error) liver selenium levels (ppm) in red-winged 
blackbirds at both Truscott Brine Lake and the freshwater pond in 1997 and 
1998. 

Site 1997 1998 

Truscott Brine Lake 6.47 ± 1.83 a ^' 7.70 ± 1.42a 

Freshwater Pond 12.26 ± 1.42a 7.08 ± 1.42a 
1/ Means followed by the same lower case letter are not different (F>0.05) 
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Table 3.24. Percent of livers from target species at Truscott Brine 
Lake with selenium levels exceeding the threshold value. 

Species Percent (%) 

Great Blue Heron 20% 

Double-crested Cormorant 38% 

Red-winged Blackbird 0% 
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Table 3.25. Mean liver selenium levels of three groups of wintering birds at 
Truscott Brine Lake. 

Type of Bird 
Mean Liver Selenium 

Standard Error 

Dabblers 2.1774a 1/ 0.1972 

Divers 1.8523ab 0.1479 

American Coots 1.5180b 0.1358 
1/ Means followed by the same lower case letter are not different (P>0.05). 
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CHAPTER IV 

CONCLUSION AND MANAGEMENT RECOMMENDATIONS 

Selenium is a naturally occurring essential element. However, it has the smallest 

margin of any essential element between what is safe (50 - 200 jig/day/aduh) and what is 

toxic to humans (500 ng/day/adult) (USEPA 1980). For this reason and others, its effects 

on wildlife have been a focus of recent research. Many studies involving Kesterson 

Reservoir and Kesterson National Wildlife Refuge have been published as premier 

research concerning selenium's toxic effects on wildlife. Events at Kesterson produced 

examples of extreme selenium toxicity in wildlife. Since that event, selenium 

contamination in other parts of the country, where the selenium level is not as high, has 

become a concem. This study took place on one such area. Area VIII and its holding 

facility, Truscott Brine Lake in Truscott, Texas. 

The first step taken to determine potential effects of selenium on wildlife at the 

lake was to determine which wildlife species might be impacted. Because literature has 

shown that avian species appear to be very susceptible to selenium contamination, we 

focused this research on birds. First, the avian community of the area had to be 

described. This was accomplished with point count surveys and winter bird counts. Over 

100 species in 31 families were recorded at Truscott Brine Lake. In addition, one 

federally and state endangered species, the interior least tem {Sterna antillarum 

anthalasses), was seen at the lake during both the 1997 and 1998 point count surveys. In 

Texas, the interior least tem is found in two ecoregions of the state, the south Texas bmsh 

country and the Rolling Plains (where the lake is located). Although the tem was not 
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seen nesting at the sites, it was seen feeding on two different occasions at the sites. This 

is of concem because the tems may be exposed to the elevated selenium through food 

chain dynamics. Clearly, Truscott Brine Lake has a high omithological value and serves 

many purposes for avian species such as nesting and wintering habitat as well as a 

stopover location for migrating birds. 

After establishing the point that Tmscott Brine Lake is an important resource used 

by a variety of birds, the second step was to determine current selenium concentrations in 

all levels of the aquatic food chain. Selenium concentrations were measured by the 

USACE in the sediment, water, and fish, and they were measured in avian foods, avian 

livers and avian eggs during this study. By measuring selenium at these various levels, 

the amount of biomagnification occurring at the lake could be estimated. 

First, it was determined that sediment selenium levels at the lake averaged 0.3 

ppm (dry weight). Concentrations of selenium ranging from 1-4 fig/g in sediments have 

been shown to cause contamination of benthic food organisms and in tum mortality of 

young fish (Lemly 1997). Second, the amount of waterbome selenium in the lake was 

between 0.5 and 1.0 jig/liter on average. Selenium is normally present in surface waters 

at concentrations of about 0.1 to 0.3 jig/liter (Lemly 1997). Waterbome selenium 

concentrations at Kesterson were 350 jig/liter (Presser 1994). At Martin Lake, a 

selenium-contaminated site in east Texas where fish and some birds were negatively 

impacted, waterbome selenium averaged 5 |Lig/liter in primary impact areas (Skompa 

1998). Third, the geometric mean levels of selenium in fish at Tmscott Brine Lake were 

1.9 ppm in 1997 and 2.3 ppm (dry weight) in 1998. These levels are much lower than 
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levels in fish at Kesterson. However, levels of only 12 ppm have caused toxic effects in 

fish (Lemly 1996a). Fourth, avian food samples were collected fi-om red-winged 

blackbirds {Agelaius phoeniceus) receiving exposure to selenium over an entire season 

and fi-om waterfowl and American coots {Fulica americana) receiving exposure to 

selenium only on a short-term basis. Red-winged blackbird food samples had a 

geometric mean of 0.608 ppm (wet weight), and coot food samples had geometric means 

of 0.064 ppm (wet weight) with the highest level found at only 0.20 ppm. One 

explanation for the higher food selenium levels in red-winged blackbirds verses the coots 

might be the location of foraging. Redwing food contents contained more terrestrial 

invertebrates than the coot food samples. The terrestrial food items were most likely 

consumed in areas where water was more shallow rather than out in the lake where 

deeper water occurred. Selenium would be more concentrated in areas of more shallow 

water, and thus, invertebrates consumed fi^om these areas should have higher selenium 

levels than those found further out in the lake. Macroinvertebrates containing selenium 

concentrations > 5 ppm can cause complete reproductive failure if ingested by higher-

level food chain organisms such as fish and birds (Lemly 1996b), and all food samples 

collected during this study were lower than that level. Lastly, birds were studied as the 

highest level in the aquatic food chain. Selenium concentrations in livers of adult birds as 

well as eggs provide a good indication of the selenium contamination in an environment. 

At Kesterson, geometric means for livers of adult, aquatic birds ranged from 20 to 127 

Hg/g selenium (Presser et al. 1994). Levels of selenium in livers of waterfowl, American 

coots, and red-winged blackbirds from Tmscott Brine Lake all averaged lower than the 

10 ppm (dry weight) threshold level for liver selenium. Avian eggs from Kesterson had 
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concentrations of 7 to 70ppm selenium (dry weight), but at a nearby control area, where 

no abnormalities were found, eggs only possessed on average < 2 fig/g selenium (Presser 

et al. 1994). Eggs collected at Tmscott Brine Lake had geometric means greater than or 

similar to 3 ppm dry weight selenium. Skompa (1999) stated that "geometric means 

greater than 3 ppm (dry weight) are a fairly reliable indication that the environment the 

eggs were collected from has some anthropogenic source of selenium enrichment (i.e., 

pollution)" (p. 1). 

Mean selenium levels in the sediments, water, fish, and even birds at Tmscott 

Brine Lake are much lower than those found at Kesterson and also lower than toxic 

effects threshold values. However, because the geometric mean selenium levels of avian 

eggs are above 3 ppm (dry weight), and the geometric mean selenium liver levels are 

nearing 10 ppm (dry weight) at Tmscott Brine Lake, it is apparent that current selenium 

levels are not naturally occurring, normal levels but rather levels associated with 

selenium enrichment from an anthropogenic source. In addition, at least some portion of 

the avian population is being affected by the current selenium levels in that a few 

individuals had selenium levels above thresholds. Furthermore, threshold values are only 

estimates and may be species specific. Also, biomagnification and bioaccumulation 

appear to be occurring at the lake. These points combined with the fact that brine water, 

the source of selenium, is continuing to be pumped into the lake and evaporation of the 

pool continues to concentrate the waterbome selenium, call for immediate action to 

begin. Consequently, management recommendations for the lake are provided. 

First, brine water should not continue to be pumped into the lake because there is 

enough evidence now to cast concem about these sites. The information found in this 
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study should be combined with more research conducted immediately on different 

species, which are more susceptible to selenium toxicity such as black-necked stilts or 

grebes, if nests could be found. Second, because waterbome selenium has the potential 

to increase to toxic levels, we suggest that a long-term, biological monitoring program be 

established. The program should be long-term because assessment of selenium can be 

affected by a particular year, depending on rainfall amounts or precedence of a drought 

(Presser et al. 1994). The monitoring should consist of point count surveys to examine 

trends in avian average abundance, richness, and diversity. Also, water, insect, and fish 

samples should be collected and analyzed for selenium content so that trends in selenium 

concentrations can be monitored. In addition, relationships between average avian 

abundance and trends in selenium levels can be determined. By using a biological 

monitoring program to indicate rises in selenium, episodes of extreme selenium toxicity 

in wildlife can be avoided. 

Third, a proactive approach to preventing avian selenium contamination should be 

taken. The effects of the freshwater pond in close proximity to the lake are unclear, and 

more research to determine its role is needed. More intense studies conceming where the 

birds nesting at the lake go to forage and more intensive collection of nestling food items 

would be a good starting point. A radio telemetry study tracking parent birds to foraging 

areas, and then collecting food items given to nestlings for selenium analysis would 

provide valuable information. However, even if these studies reveal that the freshwater 

pond is beneficial, building more freshwater impoundments around the lake may not be 

the best answer. Building more impoundments would likely attract more birds to the 

sites and thus increase the number of birds at risk. An altemative to building more ponds 
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might be to destroy preferred habitats (such as standing decadent trees used for rookeries) 

at the sites making birds go elsewhere. Furthermore, in addition to determining the role 

of the freshwater pond, liver samples from the parent piscivorous birds may provide 

valuable information about biomagnification of selenium at the lake. More research is 

also needed at Area VLQ. During this study, no eggs or birds were collected from this 

site because no nests were found. The fact that no nests were found at Area Vin is in 

itself something to consider. Could that be a result of selenium? This and other 

questions conceming Area VIQ need to be addressed as well. Another recommendation, 

which would control the amount of selenium within the lake, would be the use of a 

biogeochemical remediation technique. For example, microbes found in several types of 

sediment can be added to reduce soluble selenate to insoluble elemental selenium, 

leaving the element sequestered in sediments (Presser 1994). These recommendations 

may not be the best answers to the questions about Tmscott Brine Lake and Area VIII; 

consequently, further research is needed to insure that wildlife are not harmed by 

selenium toxicity. 
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POINT COUNT SURVEYS 
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Species Richness = 56 
American Coot 
American Crow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Black-crowned Night Heron 
Blue-winged Teal 
Brown-headed Cowbird 
Cassin's Sparrow 
Cattle Egret 
Chimney Swift 
Common Loon 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastem Kingbird 
Eastem Meadowlark 
Gadwall 

Golden Fronted Woodpecker 
Grasshopper Sparrow 
Great Blue Heron 
(jfreat Egret 
Great Homed Owl 
Great-crested Flycatcher 
(jreater Roadmnner 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 

Killdeer 
Ladder-backed Woodpecker 
Lark Sparrow 
Laughing Gull 
Least Tem 
Long-billed Curiew 
Mallard 
Mississippi Kite 
Mouming Dove 
Mute Swan 
Northem Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Northem Oriole (Bullock's) 
Northem Shoveler 
Painted Bunting 
Pied-bUled Grebe 
Plover Spp. 
Red-winged blackbird 
Scissor-tailed Flycatcher 
Snowy Egret 
Swainson's Hawk 
Tree Swallow 
Turkey Vulture 
Westem Kingbird 
White-faced Ibis 
Yellow-billed Cuckoo 
Yellow-headed Blackbird 

Figure A. 1. Species list from point count surveys for Tmscott Brine Lake in 1997. 
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Species Richness = 14 

Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Common Nighthawk 
Green-backed Heron 
Killdeer 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Red-winged Blackbird 
Scissor-tailed Flycatcher 
Tufted Titmouse 
Turkey Vulture 

Figure A.2. Species list from point count surveys for Area VIII in 1997. 
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species Richness = 26 

American Crow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bev^ck's Wren 
Blue-winged Teal 
Brown-headed Cowbird 
Cattle Egret 
Common Nighthawk 
Double-crested Cormorant 
Eastem Meadowlark 
(jreat Blue Heron 
Great Egret 
Great-tailed Grackle 
(jrreen-backed Heron 
Lark Sparrow 
Mallard 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Pied-billed Grebe 
Red-winged Blackbird 
Ruddy Duck 
Scissor-tailed Flycatcher 
Tree Swallow 
Yellow-billed Cuckoo 

Figure A.3. Species list from point count surveys for Freshwater Ponds in 1997 
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Species Richness = 81 
American Avocet 
American Coot 
American Crow 
American Kestrel 
American Tree Sparrow 
American White Pelican 
Ash-throated Flycatcher 
Bam Swallow 
Behed Kingfisher 
Bewick's Wren 
Black-crowned Night Heron 
Black-necked Stilt 
Blue Grosbeak 
Blue Jay 

Blue-winged Teal 
Brown-headed Cowbird 
Canvasback 
Carolina Wren 
Cassin's Sparrow 
Cattle Egret 
Chipping Sparrow 
Common Loon 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastem Meadowlark 
Eastem Phoebe 
Field Sparrow 
Gadwall 
Golden-fronted Woodpecker 
Great Blue Heron 
Great Egret 
(jreat Homed Owl 
(jfreat-crested Flycatcher 
Greater Roadmnner 

Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Green-winged Teal 
Indigo Bunting 
Killdeer 
Ladder-backed Woodpecker 
Lark Sparrow 
Laughing Gull 
Least Sandpiper 
Least Tem 
Little Blue Heron 
Mallard 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Flicker 
Northem Mockingbird 
Northem Oriole (Bullock's) 
Northem Shoveler 
Osprey 
Painted Bunting 
Pied-billed (jrebe 
Red-tailed Hawk 
Red-winged Blackbird 
Ruddy Duck 
Rufous-crowned Sparrow 
Sanderiing 
Scissor-tailed Flycatcher 
Snowy Egret 
Spotted Sandpiper 
Swainson's Hawk 
Tree Swallow 
Turkey Vulture 
Unknovsoi Sparrow spp. 
Upland Sandpiper 

Westem Grebe 
Whimbrel 
White-crowned Sparrow 
White-faced Ibis 
White-throated Sparrow 
Wild Turkey 
Yellow Warbler 
Yellow-billed Cuckoo 

Figure A.4. Species list from point count surveys for Tmscott Brine lake in 1998. 
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Species Richness = 23 

American Tree Sparrow 
Ash-throated Flycatcher 
Belted Kingfisher 
Bewick's Wren 
Brown-headed Cowbird 
Canyon Wren 
Eastem Meadowlark 
Golden-fronted Woodpecker 
Great Blue Heron 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Killdeer 
Lark Sparrow 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Northem Oriole (Bullock's) 
Scissor-tailed Flycatcher 
Snowy Egret 
Turkey Vulture 
Unknown Sparrow spp. 

Figure A.5. Species list from point count surveys for Area VIII in 1998. 
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Species Richness = 43 

American Avocet 
American Coot 
American Crow 
Belted Kingfisher 
Bewick's Wren 
Black-crowned Night Heron 
Black-necked Stilt 
Blue-wdnged Teal 
Brown-headed Cowbird 
Cassin's Sparrow 
Cattle Egret 
Common Nighthawk 
Double-crested Cormorant 
Eared Grebe 
Eastem Meadowlark 
Great Blue Heron 
Great Egret 
Greater Roadmnner 
Greater Yellowlegs 
Great-tailed Grackle 
Green-backed Heron 
Green-winged Teal 

Killdeer 
Ladder-backed Woodpecker 
Lark Sparrow 
Little Blue Heron 
Mallard 
Mouming Dove 
Northem Bobwhite 
Northem Cardinal 
Northem Mockingbird 
Pied-billed Grebe 
Red-winged Blackbird 
Ruddy Duck 
Scissor-tailed Flycatcher 
Snowy Egret 
Spotted Sandpiper 
Tree Swallow 
Turkey Vulture 
White-faced Ibis 
Yellow-billed Cuckoo 
Yellow-headed Blackbird 
Yellow-mmped Warbler 

Figure A. 6. Species list from point count surveys for Freshwater Ponds in 1998. 
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SELENIUM ANALYSIS PROCEDURES 
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PROCEDURES FOR DIGESTING AND ANALYZING TISSUE SAMPLES 

Directions for Making an Aliquot 

In many cases tissues are too large to digest the entire sample. If that is 

the case, the tissues must first be homogenized, lyophilized and re-homogenized. 

This is done in order to obtain an aliquot that is as representative as possible of 

the entire sample. 

Depending on the sample size, the tissues may be mn through a meat 

grinder or a blender once they have been thawed. After they have been 

homogenized wet, they are re-frozen. Once they are solidly frozen again, they are 

put into a freezer-drier to remove all of the moisture. When lyophilization 

(Freeze-drying) is complete, the samples are re-homogenized using either a 

blender or rolling pin, depending on the sample size. 

When homogenization of the samples are complete, the samples are sent 

to a prep lab for acid digestion. 

IB Prep Procedure - Tissue: Acid Digestion 

•The IB prep for tissue is currently used for ICP, SEHY, and ASHY 
analysis. 

1. Weigh out approximately 0.500g sample unless instmctions say 
otherwise. 

2. Transfer sample into a nitric acid cleaned Quartz Kjeldahl flask. 

3. Slowly add 15 mis of sub-boiled distilled nitric acid to the flask. 

4. Next slowly add 2.5 mis of concentrated HCLO4 to the flask. 
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5. Place flask on the Kjeldahl digestion rack and tum the bumer on low. 

6. There will be some foaming, if the foaming goes into the neck of the 
flask put the flask into a beaker of cold water for a short time until the 
foaming subsides. 

7. Leave the flask on ovemight to reflux. 

8. In the moming tum up the heat slowly and cook the sample until the 
dense white fog of HCLO4 appears. The fog does not appear until 
there is 2-3 mis left in the bottom of the flask. 

9. When the fog appears, reflux at this stage for 15 minutes. Then take 
the flask off the rack and allow to cool to room temperature. 

10. Once the flask is cooled slowly add 2.0 mis of sub-boiled distilled 
HCL. 

11. Then add approximately 20 mis of de-ionized water. 

12. Dilute to 50 mis in a 50 ml volumetric flask. 

13. Transfer to a 2 oz labeled polyethylene bottle. 

14. Tape bottle with label tape, finish paperwork, and take to analysis. 

3110 -FIAS for Hydrides: Tissue Analysis 

A. Instmment Set-Up 

1. Tum the EDL power supply on. Select the proper EDL lamp and press 
reset button. (The reading should be about for SE=280, AS=400 and 
HG=210.) For the best energy reading tum the lamp the day before. 

2. Tum on the power for the AA3110, printer and FIAS. 

3. Tum on the power for the computer. Put in today's date and time. (If the 
date and/or time are correct press "Enter".) 

4. A screen of ICONS should appear. Select AA INST>EXE by moving the 
arrow to the AA INST>EXE icon. Click twice (fast). Benchtop window 
should appear. 
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5. Select MHS-FIAS (Mercury-Hydride System-Flow Injection Analysis 
System) with arrow when the FIAS and autosampler symbols are 
darkened. Click once. 

6. Select AUTO AA Files with arrow when the AA3110 symbol is darken. 
Click twice fast. 

7. Select Element file and click one. 

8. Select file desired, e.g., SEETSRCMEL, ASETSRCMEL, 
HGETSRCMEL and click once. 

9. Select OK and click once. 

10. AA INST windows should appear. There should be four windows which 
are FIAS control. Display Peaks, Display Data and AS-90 Control. 

11. Tum on cell by moving the arrow to the FIAS control window and 
clicking once. Then select the cell on/off box and click once. (When the 
cell is on the box it should be black with white letters) To change and 
align cell go to section H. 

12. Replace the tygon tubing every two days and move to the other side on the 
other days. Change the membrane daily. On a daily basis blow air 
through the sample transfer tube connecting the quartz cell and the 
gas/liquid separator to make sure that the liquid is out of the line. 

13. To check the lamp energy go to the windows option at the top of the 
screen and pull down to the align lamps option and click once. 

14. Insert tubes into the proper reagents (any solution with NaBHj is the 
reductant.) The red/red/red tubes goes into the reductant. The reductant 
and carrier can be made up the day before or the same day (see solution). 

15. Fasten down clamps on pump rollers. Tum on pump 2 by clicking once 
on the FIAS control window and clicking once on the box marked pump 2. 
The box should be black with white lettering when the pump is on. 

16. Leave pump 2 mnning continuously until clean up at the end of the day. 

17. Put probe down by enlarging AS-90 window and selecting GO TO 
WASH. 

18. Run the FIAS two times (2 replicates each time) with the rinse solution, by 
clicking once on the FIAS icon each time to condition the system. 
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19. To change the replicate go to section E. 

20. Run the standard 5ppb through 20 replicates twice. This is done by 
moving the sample probe to the second position by the use of the go to 
box in the AS-90 window and by clicking once on the FIAS icon. While 
mnning the replicates check the Characteristic Mass for that element. Do 
this by moving the arrow to the window option calibration and click once. 
Then move the arrow to Calc. Charact. Mass... and click once. Then on 
the sample cone, line put in 5 and hit enter this will give you the measured 
characteristic mass. For Se the comparison characteristic mass is 
1 lOpg/0.0044 A-s. The acceptable range is plus or minus 20% of the 
comparison characteristic mass for that element, however, this is not 
required to mn the instmment it just lowers the solutions detection limit. 
At the end of the replicates is a RSD value this must be below 3.0% in 
order to mn the tray for the day. 

21. In the instmment lab book, keep tract of the element, slit, power 
supply/lamp current, cell temperature, wave length, energy readings both 
start and stopping, analyst, room's temperature, humidity, pressure, batch 
#'s and set #'s that were mn and the submitter, as any maintenance done 
(changing filters, changing or moving tubing, changing cell.) Also put in 
the area and height of the 5ppb (As position 2) that is before the DL's and 
after the calibration. 

22. Change the cell once a week or every 5 mnning days or when the 
detecrtion limit becomes very unstable or when the characteristic mass 
becomes unstable. For cleaning the cell see attached pages. After the cell 
has been changed it could take up to 1 hour to condition the cell, this can 
be done by mnning 20 replicates of 5ppb over and over until the RSD and 
characteristic mass are as stated before. 

B. Sample Tray Preparation 

1. Be sure to rinse all test tubes with the element's acid carrier ( e.g. Se uses 
10% HCL). 

2. Dilutions (for first mn) 
Everything else 1:5 
Prep 90 spikes 1; 10 as well as microwave spikes 
Everything spikes 1:20 
(for redilution of anything that goes over the highest standard, 10.50) 
If value is between 10.5-20, dilute 1:3 

20-35, dilute 1:5 
above 35, dilute 1:10 

111 



3. For the calibration use 1 ppb, 5ppb, and lOppb of the element and set up 
for a three point auto select calibration. 

4. Tray Set Up (As and Se) 

Position number and sample numbers or name 
1. Ippb 
2. 5ppb 
3. lOppb 
4. 
5. 
6. Blank 

7. 
8. 
9. DL 
lO.DL 
11. DL 
12. DL 

13. DL 
14. DL 
15. DL 
16. DL 
17. DL 
18. DL 

19. QCand# 
20. Sample # 
21. Sample # 
22. Sample # 
23. Sample # 
24. Sample # 

This continues to the end of the last number, which should be for As, and 
Se about 70 to 80 this is about 2 full sets. Anything over that has trouble 
with calibration. Also this leaves room on the first mn samples for 
redilution on the same tray. *Run another QC after the last sample to 
check for drift. The instmment is set up to do a AS Position 2 after every 
ten samples, after the calibration and at the end of the tray. 

5. Analytical Dupes, Spikes and Reference Standards: 
Analytical Dupes and Spikes are not prepped, they will be listed as NOP 
on the paperwork. 
A. Analytical Dupes-Sample twice from the same bottle for the sample 

and dupe. Both dilutions must be the same. Example: take3100940D 
from the 3100490 bottle. 

B. Analytical Spikes and Reference Standard-There should not be a 
Reference Spike if all the spikes are analytical. 
I. Put 50 mcl of Ippm of Se, As, or Hg into the bottom of a test 

tube. 
II. Add 10ml of sample to the same tube tray. 

lppm= Imcg/ml 
The equation to figure the spike value of the analytical spike: 

z = volume of standard used in ml 
a = concentration of standard used in ppm 
b = volume of sample added to standard in ml 
c = concentration of spike in ppm 
d = dilution factor 
f = final prep volume in ml 
g = meg of spike - this is the value that should be entered in the 

computer system. 

z * a = c c * d * f = g 
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Example: Used 50 mcl of I ppm Se, diluted the sample at 1:20 
getting 10 ml sample. The final prep volume is 50 ml. 

(0.050 mlUl mcg/mn = (0.005 mcg/ml) 
10ml 

(0.005 mcg/ml) (20) (50ml) = 5 meg 
Check the trav against the worksheet to make sure all are in the 
proper place. 

C Entering Sample Tray 
1. Pull up AS-90 control window and click once. 

a. Select data file and click twice (fast) 
b. Type in the filename 

ex: today's date is Jan. 2, 1994 and will be mnning batch B-
93120068. The filename would be A0210068. 
A = month (Jan=A) 
02 = day of the month 
1 = tray # 
0068 = last four digits of the batch # 

c. Click on OK or hit retum. 

2. On ID/WT file line backspace through "UNTILTED" and type in 
"START" and retum. 

3. Go to "windows" on top of screen. 
a. Select ID/WT parameter; click once. 
b. Type in analyst initials 
c. Hit enter or down arrow until you reach position #19 and type in 

QC and the # and the dilution (e.g. QC401001;20.) The semi
colon denotes dilution factor for that sample. 

d. Hit enter or down arrow to enter the number in. 
e. The first sample should start at position # 20. If you have a large 

group use the global entry under edit at top of screen. 
4. To use global entry. 

a. Select edit at top of screen. 
b. Select global entry. 
c. Enter the prefix #'s (these are the first three numbers of the batch, 

e.g. for batch B-93120068 the prefix would be 312.) 
d. Enter the number of the first sample of the batch or set (these are 

the last four numbers in the first sample that is being ran.) 
e. Enter the suffix which is the semi-colon and the dilution factor, 

e.g. ;20, for repreps add a R before the semi-colon, e.g., R;20. If 
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there is no dilution then there should be no suffix added unless 
there is the R for repreps. 

f The first position is usually correct, should be on that line when 
doing global entry, 

g. Change the last position number, which is figured, from the last 
sample minus dupes, spikes and added letter number. If any 
numbers are missing, add one for every missing number, 

h. To add duplicates, spikes and lettered numbers, press <ALTxl> 
together at the place it is to be inserted. Press <ALTxD> to 
delete numbers. 

5. To save the ID/WT list select "save as" under the file window at the 
top of screen, then print the filename in the line that is provided this 
name should be the same as the data filename.'^*Make sure that the 
"SAVE DATA ON/OFF" and "PRINTER ON/OFF" are on before 
starting the mn!!! 

6. To start the instmment miming have the AS-90 control window 
enlarged. 
a. Move arrow to Reset Sampler and click once. 
b. Make sure that only 2 replicates of each sample is being done. 

Instmction for this is in section E. 
c. When this is done click once on RUN ALL to start the tray. 

D. To add samples to the ID/WT file and to mn those samples. Samples can be 
added during the mnning of the tray but will not be mn at the end. You must 
restart the tray to mn those samples. 

1. To add samples: 
a. Move the arrow to "windows" at top of screen. 
b. Select ID/WT parameter and click once. 
c. Page down using the page down key to the end of the current file. 
d. Add sample number and dilution factor at the end of the file as 

stated in section C3c. 
e. Arrow down to enter the number into the file. 
f CJO to "file" at top of screen and select "save" and click once, 
g. Close ID/WT window. 

2. To restart the mn: 
a. Enlarge AS-90 control window. 
b. Enter in the samples to be mn by position numbers on the line 

under listed ID/WT file. 
c. Reset the sampler as instmcted before in C6a. 
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d. Select "Run Samples" and click once. 
e. When the tray has been restarted this way it will do a AS Position 

2 first then the samples. 

E. To change the calibration or number of replicates. 

1. Select" windows" at the top of the screen 
2. Select the element parameter and click once. 
3. On the INST page select sample replicate and change to desires number of 

replicates. 
4. On the CALIB page select the calibration that needs to be changed and 

enter the desired calibration. 
5. Close windows. 

F. Shut down procedure and reformatting. 

1. Put up the sample probe by enlarging AS-90 window and selecting 
PROBE UP/DOWN and clicking once when the probe is up, the box will 
be black with white lettering and put 10% HCL into the rinse cup for 
SEHY 10% HCL is in the cup. 

2. Pull the tubes out of the solutions and place into the rinse cup that has the 
10% HCL in it. 

3. Put the sample probe down selecting PROBE UP/DOWN and clicking 
once. 

4. On the PC pull up the FIAS control window. 
5. Select FIAS ON and click once. Do this twice (2 replicates each time) to 

clean the system. 
6. Then do 1-5 over again with D.I. water. 
7. When this is done raise probe and take the tubes out of the water and mn 

both pumps until all of the tubing is dry. 
8. Tum off the FIAS pumps and release clamps. 
9. Select "File" at the top of the screen and click once on "Save". 
10. Select "File" at the top of the screen and click once on "Print Parameters". 
11. Select ID/WT file to be printed out at the end of the mn. 
12. Select "File" window and click once on "close" all windows. This will 

take you back to the benchtop windows. 
13. Select "Window" at the top of the screen and click once on "Reformat 

Data". 
14. Select "Data File" and click twice. 
15. Scroll down until reaching the data filename that is to be reformatted and 

cHck once. Click once on OK. 
16. On the main page hit enter and backspace, then type in the new extension 

(e.g. AS, SE, HG) and then hit enter. 
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17. On the line for the data path type in A:\ and hit enter. 
18. Select Header Included and click once so that the yes is black with a white 

X 
19. On the sample page select Mean Cone. Std Units and click once so that the 

yes is black with a white X. 
20. Push in the diskette so that the data is put on it. 
21. Click once on "Execute Reformaf. 
22. Close window and take diskette out. 
23. Select "Files" at the top of the screen and click once on "Exit to DOS". 
24. Tum off AA3110, FL\S, Power Supply, Printer and Computer. 

G. File Transfer 

1. GotoPROCOMMonthePC. 
2. Hit enter until an asterisk appears. 
3. Sign on to the database, onto the 92 account with the password 3100. 
4. At the asterisk type in KERMIT and hit retum. 
5. At Kermit-CO> type in Receive and hit retum. 
6. At Receive File Record Length (10 to 1024, Retum = 132)> type in 80 

and hit retum. 
7. Using page up, to retum to local kermit and send, and select option #2 on 

upload page. 
8. When ask for filespec type in A:\filename.ext and hit retum. Make sure 

the diskette is in the proper slot. 
9. When the transaction is finished a message will appear stating 

"Transaction ended". 
10. At Kermit-CO> type in "EXIT". 

H. Changing and Aligning the Quartz cell. 

1. Since the cell is taken to such high temperatures it is best to change the 
cell before heating in the moming or wait at least 45 minutes to an hour 
after turning the cell off. 

2. To change cell take off the sample transfer tube (attached to the drying 
tube) then open the heating mantle and lift the cell out. 

3. Replace with a clean cell then close the mantle and replace the transfer 
tube. 

4. To align the cell - This comes from the FIAS- Setting up And Performing 
Analyses book. 
a. Make sure that the source lamp in the AA3110 is aligned. To do this 

goto section Al3. 
b. Make sure cell is off while aligning the lamp. 
c. Go to windows menu and select continuous graphics. 
d. Use the horizontal, vertical, and rotational adjustments to find the 

position that gives minimum absorbance. 
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e. Remove the cell from the heating mantle and press F3 (Autozero) on 
the keyboard, 

f Replace the cell in the heating mantle, 
g. Repeat the above adjustments in order to obtain the minimum 

absorbance. 
NOTE: You should obtain an absorbance reading of less than 0.4 on the 
continuous graphics. 

Requirements for ASHY and SEHY (3110) analysis. 

1. Be sure to rinse all test tubes with the element's acid carrier (e.g. 
SEHY uses 10% HCL). 

2. Run 10 DL's with every tray 
3. Detection limit is the standard deviation times three and is acceptable 

if it is below 0.2 unless there is a reason for a higher detection limit. 
4. Run an Instmmental QC after the DL's and at the end of the tray after 

the samples have been mn. Make sure that the QC's are within the 
acceptable limits, which are ± 20% of the expected value. 

5. Calibrate the balance everyday before using it and keep track of the 
results in the log book provided. 

6. Make sure to keep the instmment lab book up to date. 

(Hartman 1997) 
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APPENDIX C 

EGG AND LIVER SELENIUM LEVELS FROM 

TRUSCOTT BRINE LAKE AND THE 

FRESHWATER POND 
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Table C I . Egg selenium levels (dry weight basis) from three species at 
Tmscott Brine Lake in 1997 and 1998. 
(GBH =great blue heron, DCC =doiible-crested cormorant, RWBB =red-wmged blackbird) 

Egg Identification 
GBHl - TBL - 1997 
GBH2 - TBL - 1997 
GBH3 - TBL - 1997 
GBH4 - TBL - 1997 
GBH5 - TBL - 1997 
GBH6 - TBL - 1997 
GBH7 - TBL -1997 
DCCl-TBL-1997 
DCC2-TBL-1997 
DCC3-TBL-1997 
DCC4 - TBL - 1997 
DCC5-TBL-1997 
DCC6-TBL-1997 
RWBBl-TBL-1997 
RWBB2 - TBL - 1997 
RWBB3 - TBL - 1997 
RWBB4 - TBL - 1997 
RWBB5 - TBL - 1997 
RWBB6 - TBL - 1997 
RWBB7-TBL-1997 
RWBB8 - TBL - 1997 
RWBB9 - TBL - 1997 
RWBBIO-TBL-1997 
RWBBll-TBL-1997 
RWBB12-TBL-1997 
GBHA - TBL - 1998 
GBHB - TBL - 1998 
GBHC - TBL - 1998 
GBHD-TBL-1998 
GBHE - TBL - 1998 
GBHF-TBL-1998 
GBHG-TBL-1998 
GBH5 - TBL - 1998 
DCCl-TBL-1998 
DCC2-TBL-1998 
DCC3-TBL-1998 
DCC4 - TBL - 1998 
DCC6-TBL-1998 
DCCGl-TBL-1998 
DCCG2 - TBL - 1998 
RWBBA - TBL - 1998 
RWBBB - TBL - 1998 
RWBBJ-TBL-1998 
RWBBK - TBL - 1998 
RWBBL-TBL-1998 

Content Weight (g) 
56.47 
40.56 
53.91 
55.02 
63.45 
54.34 
54.74 
38.03 
35.76 
30.61 
41.39 
37.59 
38.68 
2.66 
3.13 
3.80 
2.39 
3.83 
3.18 
2.68 
2.34 
2.58 
3.40 
3.26 
3.19 

74.18 
58.86 
57.49 
55.91 
59.47 
59.76 
71.32 
51.89 
38.15 
44.22 
37.67 
35.98 
42.73 
36.94 
36.25 
4.04 
3.18 
2.48 
2.17 
3.74 

% Moisture 
83.2 
77.9 
83.2 
81.9 
82.5 
82.9 
81.1 
84.2 
84.9 
83.7 
83.3 
84.8 
84.2 
82.7 
83.3 
83.7 
81.8 
81.6 
86.3 
84.0 
83.0 
77.2 
83.6 
80.9 
83.4 
81.5 
82.0 
81.5 
81.2 
83.0 
81.1 
81.7 
81.5 
84.1 
83.9 
82.2 
83.7 
84.4 
83.6 
85.8 
86.0 
81.8 
88.7 
75.3 
81.0 

Selenium (ppm) 
4.4 
18.0 
6.1 
3.5 
3.0 
13.0 
3.3 
3.8 
3.8 
18.0 
2.4 
8.7 
4.7 
2.7 
2.5 
2.8 
2.8 
2.1 
2.6 
2.7 
2.9 
3.2 
3.1 
2.8 
3.1 
2.6 
5.2 
8.8 
5.4 
3.2 
2.3 
1.9 
4.0 
6.6 
2.5 
8.0 
9.4 
7.2 
2.9 
2.8 
2.4 
2.9 
3.2 
2.8 
2.3 
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Table C.2. Egg selenium levels (dry weight basis) from red-winged 
blackbirds at the Freshwater Pond in 1997 and 1998. 

Egg Identification 
RWBBl-FWP-1997 
RWBB2 - FWP - 1997 
RWBB3 - FWP - 1997 
RWBB4 - FWP -1997 
RWBB5 - FWP - 1997 
RWBB6 - FWP - 1997 
RWBB7 - FWP -1997 
RWBB8 - FWP -1997 
RWBBC - FWP - 1998 
RWBBD - FWP - 1998 
RWBBE- FWP - 1998 
RWBBF - FWP - 1998 
RWBBG - FWP - 1998 
RWBBH-FWP-1998 
RWBBI-FWP-1998 

Content Weight (g) 
3.68 
3.09 
3.04 
1.93 
3.27 
4.21 
3.11 
3.71 
4.08 
4.12 
3.15 
3.14 
3.62 
3.60 
3.78 

% Moisture 
82.0 
82.1 
79.6 
75.8 
82.6 
83.8 
81.8 
83.7 
86.4 
84.6 
83.3 
80.2 
80.6 
83.5 
82.8 

Selenium (ppm) 
2.6 
2.7 
2.5 
2.3 
2.0 
2.6 
2.8 
3.0 
2.9 
2.0 
3.0 
2.9 
2.6 
2.9 
2.5 
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Table C3. Liver selenium levels (dry weight basis) from red-winged 
blackbirds at Tmscott Brine Lake and the Freshwater Pond in 1997 and 
1998. 

Egg Identification Content Weight (g) % Moisture Selenium (ppm) 
RWBBl-TBL-1997 
RWBB2 - TBL - 1997 
RWBB3 - TBL - 1997 
RWBB4 - FWP - 1997 
RWBB5 - FWP - 1997 
RWBB6 - FWP - 1997 
RWBB7 - FWP - 1997 
RWBB8 - FWP - 1997 
RWBBl-FWP-1998 
RWBB2 - FWP - 1998 
RWBB3 - FWP - 1998 
RWBB4 - FWP - 1998 
RWBB5-FWP-1998 
RWBB6 - TBL - 1998 
RWBB7 - TBL - 1998 
RWBB8 - TBL - 1998 
RWBB9 - TBL - 1998 
RWBBIO-TBL-1998 

0.9090 
1.1760 
0.9470 
0.8300 
0.8820 
1.1930 
0.8090 
1.2380 
0.9590 
0.7090 
0.7270 
1.3710 
0.6510 
0.6210 
0.9010 
1.1460 
0.6570 
0.7340 

69.2 
71.4 
69.5 
63.7 
69.7 
68.7 
68.9 
70.1 
66.7 
67.1 
66.0 
70.4 
68.4 
68.8 
68.9 
72.4 
67.1 
68.4 

5.7 
6.2 
7.5 
9.6 
7.5 
17.0 
8.2 
19.0 
6.7 
6.0 
5.6 
6.1 
11.0 
8.6 
8.5 
6.0 
8.0 
7.4 
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Table c.4. Liver selenium levels (wet weight basis) from waterfowl and 
American coots at Tmscott Brine Lake and the Freshwater Pond in 1997 
and 1998. 

Species 
DABBLING DUCKS: 
Gadwall 
1 
2 
3 
4 
5 
6 
Northem Pintail 
1 
American Wigeon 
1 
2 
3 
4 
5 
Northem Shoveler 
1 
DIVING DUCKS: 
Ring-necked Duck 
1 
Redhead 
1 
2 
3 
4 
5 
6 
7 
Canvasback 
1 
Ruddy Duck 
1 
2 
3 
Bufflehead 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Selenium (ppm) 

1.46 
1.64 
2.10 
2.81 
3.42 
3.09 

2.20 

0.99 
0.91 
1.59 
1.89 
1.67 

4.58 

2.72 

1.40 
1.57 
0.88 
1.71 
2.11 
1.72 
1.47 

1.44 

1.40 
1.51 
1.73 

1.47 
1.32 
1.57 
1.81 
1.49 
2.38 
1.04 
3.78 
3.96 
1.61 
2.23 
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Table c.4. Continued. 

Species Selenium (ppm) 
American Ccx)t 
1 1.64 
2 1.35 
3 2.66 
4 1.42 
5 2.02 
6 1.98 
7 1.20 
8 1.55 
9 1.11 
10 0.95 
11 2.85 
12 2.04 
13 1.80 
14 2.12 
15 1.75 
16 1.71 
17 2.33 
18 1.50 
19 1.38 
20 1.82 
21 1.85 
22 1.29 
23 1.32 
24 1.30 
25 1.42 
26 0.66 
27 0.67 
28 1.00 
29 1.16 
30 1.60 
31 1.48 
32 0.83 
33 0.74 
34 1.32 
35 0.98 
36 0.88 
37 0.93 
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APPENDIX D 

GLOBAL POSITIONING SYSTEM LOCATIONS FOR 

POINT COUNT SURVEY POINTS AND NESTS 
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Table D. 1. Locations of point count survey points collected from a global 
positioning system (GPS), unit is the universal transverse mercator (UTM). 

Point Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Freshwater Pond 1 
Freshwater Pond 2 

Northing C(X)rdinate 
3740013.0552 
3739565.5324 
3739490.8723 
3738507.0276 
3738755.3809 
3738137.5695 
3737802.5808 
3736970.8167 
3737177.7307 
3737149.6021 
3737499.6445 
3737511.3491 
3737467.4821 
3737486.0030 
3737352.0086 
3737871.4306 
3738156.2035 
3738677.5732 
3739285.9871 
3739741.1742 
3738463.4586 
3737817.9513 

Easting Coordinate 
421913.1470 
421268.9964 
420647.8951 
419850.7266 
420444.0446 
419495.2412 
419058.7489 
419017.0977 
419560.9137 
419987.9652 
420200.9381 
420770.0276 
421294.8868 
421877.9763 
422057.3247 
422489.9667 
423083.0951 
423685.4824 
423896.0154 
422798.7667 
418609.5838 
418682.8270 
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Table D.2. Locations of nests from which eggs were collected for selenium 
analysis taken from a global positioning system (GPS), unit is the 
universal transverse mercator (UTM). 

Nest Identification Northing Coordinate Easting Coordinate 
R W B B l - T B L - 1 9 9 7 
RWBB2 - TBL - 1997 
RWBB3 - TBL - 1997 
RWBB4 - TBL - 1997 
RWBB5 - TBL - 1997 
RWBB6 - TBL - 1997 
RWBB7 - TBL - 1997 
RWBB8 - TBL - 1997 
RWBB9 - TBL - 1997 
RWBB 1 0 - T B L - 1 9 9 7 
R W B B l l - T B L - 1 9 9 7 
RWBB 1 2 - T B L - 1 9 9 7 
ROOKERYl - NORTH'^ 

ROOKERYl - MIDDLE'^ 
ROOKERYl - SOUTH^^ 
GBH7 - TBL - 1997 
RWBBA - TBL - 1998 
RWBBB - TBL - 1998 
RWBBJ - TBL - 1998 
RWBBK - TBL - 1998 
RWBBL - TBL - 1998 
GBHA - TBL - 1998 
GBHB - TBL - 1998 
GBHC - TBL - 1998 
G B H D - T B L - 1998 
GBHE - TBL -1998 
GBHF - TBL - 1998 
GBHG - TBL - 1998 
GBH5 - TBL - 1998 
D C C l - T B L - 1 9 9 8 
DCC2 - TBL - 1998 
DCC3-TBL-1998 
DCC4-TBL-1998 
DCC6-TBL-1998 
DCCG-TBL-1998 
RWBB6-FWP-1998 
RWBBC - FWP - 1998 
RWBBD- FWP - 1998 
RWBBE-FWP-1998 
RWBBF - FWP - 1998 
RWBBG - FWP - 1998 
RWBBH - FWP - 1998 
RWBBI - FWP -1998 

3737280.3254 
3737820.7341 
3737260.1186 
3737524.8679 
3737301.2251 
3737301.2251 
3737356.2023 
3737563.8610 
3737375.2615 
3737509.6249 
3737517.0999 
3739421.5794 
3737898.1870 
3737878.9514 
3737856.0002 
3737775.2689 
3739483.5342 
3737375.2615 
3737820.7341 
37378279185 
3737827.9185 
3737851.2958 
3737899.0699 
3737777.0188 
3737775.2689 
3737671.6380 
3737606.9721 
3737646.7103 
3737921.8757 
3737741.7951 
3737741.7951 
3737741.7951 
3737921.8757 
3737921.8757 
3737777.0188 
3738776.9482 
3738696.3584 
3738843.8931 
3738699.2221 
3738715.5188 
3738751.1705 
3738755.1699 
3738724.8415 

419956.5317 
419082.0601 
41%77.8047 
420667.7589 
422144.6093 
422144.6093 
422090.6168 
420678.3943 
422160.2685 
422247.5280 
422241.4666 
420829.1103 
419654.3720 
419670.0376 
419673.2810 
421248.0110 
420903.9883 
422160.2685 
419082.0601 
419074.6439 
419074.6439 
419672.6210 
419653.4443 
41927.9662 
421248.0110 
422071.1515 
422057.3889 
422068.8308 
419273.8707 
419289.5470 
419289.5470 
419289.5470 
419273.8707 
419273.8707 
419271.9662 
418219.3811 
418695.1909 
418178.3263 
418647.8963 
418618.8207 
418507.2596 
418484.7104 
418438.2677 

^' = Great Blue Heron and 
1997 and 1998. 

Double-crested coraiorants nested at this rookery location in both 

126 



APPENDIX E 

MAP OF STUDY SITE CONTAINING 

NEST LOCATIONS 
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