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a. Abstract 
In a recent study of wild fall chinook salmon (Oncorhynchus tshawytscha) from the Hanford Reach in the Columbia Plateau Ecological Province, Nagler et al. (2001) have reported that a significant number of females (≈ 80 % of females sampled) tested positive for a male-specific genetic marker.  A possible explanation for this finding is that these fish have been sex reversed, that is, they are genetic males that have the phenotypic appearance of females.  Because of the alarming nature of these findings, more evidence is necessary to confirm whether sexual disruption has occurred in this population of fish.  In this proposal, we present research designed to substantiate (or refute) the putative evidence of sex reversal in these fish.  The goal of this project is to determine if the prevalence of male specific genetic markers in juvenile fall chinook salmon in the Hanford Reach is consistent with the phenotypic sex characteristics, and whether this putative evidence of sexual disruption is associated with biomarkers indicative of contaminant exposure.  Specifically, we will determine levels of biomarkers associated with sexual disruption and contaminant exposure in juvenile fish, the incidence of intersex fish (i.e., fish with testicular and ovarian tissue in their gonads), and the phenotypic and genotypic sex ratios of these fish.  Collectively, our results will allow for a better understanding of the findings reported in Nagler et al. (2001) of a high incidence of a male specific genetic marker in Hanford Reach female fall chinook salmon. 

b. Technical and/or scientific background
Nagler et al. (2001) have recently reported that a significant number of wild female fall chinook salmon (Oncorhynchus tshawytscha) from the Hanford Reach in the Columbia Plateau Ecological Province tested positive for a male-specific genetic marker.  A possible explanation for this finding is that these fish have been sex reversed, that is, they are genetic males that have the phenotypic appearance of females. For this to occur, fish would have to be exposed to a sex-reversing agent or experience extreme temperature regimes during early development.  In the Hanford Reach, the possibility of developing embryos or recently emerged fry being exposed to extreme temperatures is remote.  Therefore, if sex reversal has occurred in these fish, it is most likely due to a chronic or acute exposure to a contaminant.  However, the results presented by Nagler et al. (2001) are not unequivocal evidence that sex reversal has taken place.  It is possible that the incidence of this male-linked DNA marker in Hanford Reach females is due to a chromosomal translocation that has not occurred in other tested populations (Nagler et al. 2001).  Thus, more evidence is necessary to confirm the notion that a high incidence of sex reversal has occurred in Hanford Reach fall chinook salmon.  In this proposal, we describe our plans for collecting additional information that will either confirm or refute the apparent sex reversal phenomenon recently described for fall chinook salmon in the Hanford Reach (Nagler et al. 2001). 

The occurrence of contaminant-induced sexual disruption in wild fish populations has received much attention of late.  For example, British researchers noted widespread sexual disruption in wild roach (Rutilus rutilus) populations exposed to sewage treatment effluent throughout the United Kingdom (Jobling et al. 1998).  A high incidence of female-biased sex ratios and intersex fish (i.e., fish having gonads with both testicular and ovarian tissue) was noted, with levels of intersex fish of up to 100% at some sites.  Further, the occurrence of female-biased sex ratios and intersexuality in roach was associated with increased plasma vitellogenin (Vg) levels.  Vitellogenin is an egg yolk protein produced during oogenesis by the liver in response to estradiol and has been observed in both males and females after exposure to estrogen or estrogenic contaminants (i.e., xenoestrogens).  Other cases of sexual disruption have been reported in white suckers (Catostomus commersoni) and lake whitefish (Coregonus clupeaformis) in Canada (McMaster et al. 1991, Munkittrick et al. 1992) and in common carp (Cyprinus carpio) and rock sole (Pleuronectes bilineatus) in the U.S. (Bevans et al. 1996, Johnson et al. 1998, Smith et al. 2000).  A wide variety of contaminants are known to be estrogenic in nature and can cause sexual disruption, including polychlorinated biphenyls (PCBs), organochlorine pesticides, phytoestrogens, alkylphenols, and natural and synthetic estrogens (Kime 1998).  

There are several other measures besides sex-linked genetic markers that could be used to assess the possibility that sexual disruption has occurred in Hanford Reach fall chinook salmon.  For example, estrogen specific biomarkers such as the plasma concentrations of Vg and zona radiata proteins (zrp) have been used to assess whether exposure of fish to xenoestrogens has occurred.  Zona radiata proteins are produced by the liver during oogenesis in response to estrogen and are used to form the eggshell of developing oocytes.  Plasma levels of zrp are a more sensitive indicator of estrogen and xenoestrogen exposure than Vg (Arukwe et al. 1997, Arukwe et al. 2000).  Also, some information on physiological and biochemical indicators of organismal health and sublethal toxicant exposure would help determine whether such exposures have occurred.  Numerous bioindicators exist to assist scientists in identifying and evaluating possible environmental problems before serious complications arise in populations or ecosystems (see Adams 1990).  For example, the incorporation of certain types of organic pollutants, such as PCBs and insecticides, can increase the activity of enzymes in the liver designated as cytochrome P-450.  These active components of the monooxygenase system in the liver help animals detoxify and eliminate many pollutants from their tissues (Jiminez and Stegeman 1990).  The incidence of intersex fish—which occurs rarely if at all in wild fish—is an indicator that contaminant-induced sexual disruption has occurred in a population.  During early development, the gonadal sex of fish is highly labile, and at this time the gonads are undifferentiated and susceptible to phenotypic sex reversal by chemical exposure (for reviews on the chemical induced sex reversal of fish see: Hunter and Donaldson 1983, Pandian and Sheela 1995, and Patiño 1997).  Although phenotypic sex was determined for adult fish from the Hanford Reach (Nagler et al. 2001), this was done by visual inspection, not detailed histological analysis, thus leaving open the possibility that intersex fish are present in the Hanford Reach.  Screening the population of fish in the Hanford Reach for the occurrence of intersexuality would be a powerful means of documenting any sexual disruption in these fish.  Additional information on the phenotypic expression of gonadal sex in Hanford Reach fall chinook salmon (i.e., the sex ratio) would help substantiate (or refute) the putative evidence of sex reversal in these fish.  Further, the use of an alternative male specific genetic marker (Clifton and Rodriguez 1997) in conjunction with the marker previously used by Nagler et al. (2001) would provide additional evidence to assess the genetic sex ratio of Hanford Reach fall chinook salmon.    Collectively, measuring the levels of estrogen specific and toxicant exposure biomarkers, assessing the incidence of intersexuality, and fully documenting the phenotypic and genetic sex ratio in juvenile fish, would allow for a better understanding of the findings reported in Nagler et al. (2001) of a high incidence of a male specific genetic marker in Hanford Reach female fall chinook salmon.

Gonadal differentiation in salmonids typically occurs between the period of hatching and emergence (Van den Hurk and Slof 1981, Foyle 1993).  Although gonadal sex has been determined by emergence, fry are thought to remain susceptible to sex reversal for several weeks (2-3) following hatch (Piferrer and Donaldson, 1989) leaving open the possibility that newly emerged fry are still susceptible to chemical induced sex reversal.  However, as development proceeds, the concentration and duration of chemical treatment necessary to induce sex reversal increases.  The date of seaward migration for juvenile Hanford Reach fall chinook (late June and July as reported by Dauble and Watson 1997) is beyond the date of susceptibility to chemical induced sex reversal.  This indicates that if chemical-induced sex reversal is indeed occurring in Hanford Reach fall chinook the period of exposure is during egg incubation or during the period of near shore rearing.  Thus, examination of juvenile fish during the period just prior to seaward migration (mid-May to mid-June) would allow for detection of the phenotypic signs of sex reversal while avoiding the potential confounding variables present when examining returning adults (e.g. variable age at return, possible differential mortality in the ocean, etc.,).  

The goal of this project is to determine if the prevalence of male specific genetic markers in juvenile fall chinook in the Hanford Reach is consistent with the phenotypic sex characteristics, and whether this putative evidence of sexual disruption is associated with biomarkers indicative of contaminant exposure.  Specifically, our objectives are to determine: (1) the levels of biomarkers (Vg and zrp) of estrogen-specific pollution and the activity of indicators of contaminant exposure (total cytochrome P-450 enzyme activity, ethoxyresofurin O-deethylase activity, and lipid peroxidation) in Hanford Reach juvenile fall chinook salmon; (2) the incidence of intersexuality in Hanford Reach juvenile fall chinook salmon by histological analysis of gonadal tissue; (3) the phenotypic sex ratio of Hanford Reach juvenile fall chinook salmon by examination of the gonads; and (4) the genotypic sex ratio of Hanford reach juvenile fall chinook salmon.

c. Rationale and significance to Regional Programs
Based on a single genetic marker, Nagler et al. (2001) reported that a high proportion of wild female fall chinook salmon in the Hanford Reach were genetic males.  This finding suggests that altered water quality has caused sex-reversal of males during a critical time in their early development.  If this continues over the course of several generations, it could lead to a gradual elimination of genetic females and an ultimate collapse of the population.  The work we are proposing will refute or corroborate the earlier findings and, if the earlier findings are substantiated, we will look for preliminary evidence of contaminant-induced reproductive dysfunction.

This proposal addresses questions and concerns raised in all of the current guidance documents directing research and information needs in the Columbia Basin.  The Columbia Plateau Subbasin Summary for the mainstem Columbia River points out that the Tri-cities is the second largest urban area in the Columbia Basin, and that 47% of the lands in the Columbia Plateau are in agricultural production.  Both of these factors would be expected to contribute to a high contaminant load in the Province.  In fact, the USGS has reported (Williamson et. al. 1998) that surface water quality in the Central Columbia plateau is significantly impaired due to urban and agricultural practices.  Water quality problems cited by the USGS include; eutrophication, sediment erosion, and high pesticide concentrations, levels of which exceed criteria for the protection of aquatic life at some sites.  The Subbasin Summary goes on to describe concerns about contaminants, and emphasizes the need to develop indicators of ecosystem health in the Hanford Reach and to assess the possible impacts of Hanford site development activities on the aquatic ecosystem.

The NMFS’s Biological Opinion (Dec. 2000; BiOp) lists several concerns and RPAs that this proposal will address.  Specifically Section 9.6.1.7 of the BiOp addresses the need to improve water quality in the basin, and Appendix B directs the “Development of a water quality plan for the Columbia River mainstem.”  Additionally, the importance of the effects of water quality on reproduction is emphasized in BiOp section 9.6.2.1 “Actions Related to Tributary Habitat” where it states that the action agencies shall “...comply with water quality standards, first in spawning and rearing areas...”

This proposal addresses  specific reasonable and prudent alternatives, by providing information to help decide where and what types of habitat restoration (i.e., possible improved water quality) may be needed in the mainstem.  For example this proposal addresses 
Action 150: “...fund protection of currently productive non-Federal habitat, especially if at risk of being degraded...” and Action 155: “...develop a program to 1) identify mainstem habitat sampling reaches, survey conditions, describe cause-and-effect relationships, and identify research needs; 2) develop improvement plans for all mainstem reaches...”  This proposal also addresses Action 182: “...determine the reproductive success of hatchery fish relative to wild fish.” by providing a better understanding of reproduction in wild fall chinook.

Finally, this proposal addresses the water quality objective of the Federal Caucus publication Conservation of Columbia Basin Fish (also known as the “all-H” paper): “...attain state and tribal water quality standards in all critical habitats in the Columbia River and Snake River basins.”

d. Relationships to other projects 
This proposal, while not directly linked, is related to another BPA funded project (Genetic sex of chinook salmon in the Columbia River Basin; PI = Nagler) to begin May 2001.  The similarity between these two studies is that they will both examine juvenile fall chinook salmon from the Hanford Reach as a consequence of a reported incidence of a male-specific genetic marker in adult females from this population (Nagler et al. 2001).  The funded project will look for incidence of a YY-genotype in wild juveniles over two seasons.  This proposal is different in that the levels of biomarkers, phenotype and genotype, and incidence of intersex in juveniles will be studied.  Thus, although these two studies compliment one another, they are clearly distinct and independent.  

e. Project history (for ongoing projects) 

New project

f. Proposal objectives, tasks and methods
Objective 1 - Determine the levels of biomarkers of estrogen-specific pollution, and the activity of physiological indicators of contaminant exposure in Hanford Reach juvenile fall chinook salmon.

Question of interest:  Do fish collected from the Hanford Reach or a non-contaminated reference site exhibit biomarker levels indicative of xenoestrogen or contaminant exposure?

Task 1a- Collect and sample 200 juvenile fall chinook salmon from the Hanford Reach and 200 up-river bright fall chinook salmon from the Little White Salmon National Fish Hatchery (LWSNFH).

Task 1b- Determine the levels of the estrogen responsive biomarkers Vg and zrp in Hanford Reach and LWSNFH juvenile fall chinook salmon.  

Task 1c- Determine the activity of total cytochrome P-450 (P-450) and ethoxyresofurin O-deethylase (EROD) enzymes in the liver of Hanford Reach juvenile fall chinook salmon.

Task 1d- Determine the levels of malondialdehyde (an indicator of lipid peroxidation) in liver preparations from Hanford Reach juvenile fall chinook salmon

Methods

Juvenile fall chinook salmon will be collected from the Hanford Reach using a combination of beach seining and electrofishing in the spring (May - mid June) of 2002.  A sample size of 200 fish will be collected from the Hanford Reach and a reference site (total N = 400).  Sample size was determined to allow for a minimum detectable difference of 0.15 in a comparison (t-test) between mean biomarker levels in Hanford Reach fish and fish from a reference site (Zar 1984).  A beta level of 0.1 (statistical power = 0.9) and an alpha level of 0.05 were used in this analysis, and an estimated variance of 0.4 was based on data presented in Arukwe et al. (2000).  In the Hanford Reach, sampling will occur at the spawning areas of Vernita Bar and Lock Island (Dauble and Watson 1997).  Additional sites, if needed, will be selected to cover the range of habitat and area in the Hanford Reach.  As a reference site having an uncontaminated population, we will sample “upriver bright” juvenile fall chinook salmon from the Little White Salmon National Fish Hatchery (LWSNFH; Washington).  Plasma, liver and gonad samples will be collected from all fish.  Because of their potentially small size, some samples may have to be pooled for analysis.  Plasma Vg and zrp will be measured using an indirect ELISA technique (Arukwe et. al. 1997).  Antibodies for the measurement of Vg and zrp will be obtained from Biosense Laboratories (Bergen, Norway).  Livers will be processed and assayed for total cytochrome P-450 activity, EROD activity, and levels of malondialdehyde using methods described in Estabrook et al. (1972), Prough et al. (1978), Burke and Mayer (1974), Carpenter et al. (1990), and Plaa and Witschi (1960).  For specifics concerning these assays, we will receive training from Dr. Gene Foster, Oregon Department of Environment Quality.  Gonad samples will be fixed in buffered formalin for histological processing and analysis.  For all samples, we will calculate means and standard errors and compare them between sites using a t-test or a non-parametric equivalent.

Objective 2 – Determine the incidence of intersexuality in Hanford Reach juvenile fall chinook salmon by histological analysis of gonadal tissue.

Question of Interest:  Do Hanford Reach or LWSNFH fish exhibit abnormal gonadal morphology indicative of chemical exposure?

Task 2a- Gonad samples from juvenile fall chinook (collected in Obj. 1) will be processed using standard histological techniques.  Ovarian and testicular morphology will be assessed and the phenotypic sex ratio and incidence of intersexuality determined.

Methods

Gonad samples obtained as part of Objective 1 will be used.  Both gonads from each fish will be serially sectioned (3-5 μm) in a longitudinal orientation and every 5th section mounted on glass microscope slides.  The tissues will be stained with hematoxylin and eosin, and coverslipped.  The Histology Core Laboratory of the WSU-UI Center for Reproductive Biology will conduct all tissue processing, sectioning, mounting and staining.  Gonadal morphology will be assessed via light microscopy to document any intersex condition and determine the phenotypic sex ratio as previously described (Krisfalusi and Nagler 2000).  Sex ratio data and the prevalence of intersex gonads will be compared between sites using Chi square analysis.

Objective 3- Determine the phenotypic sex ratio of Hanford Reach or LWSNFH juvenile fall chinook salmon by examination of the gonads.

Question of Interest:  Does the phenotypic sex ratio of the juvenile fish population in the Hanford Reach differ significantly from the expected 1:1 ratio?

Task 3a- Collect 750 juvenile fall chinook salmon from the Hanford Reach and 750 up-river bright fall chinook salmon from the LWSNFH.

Task 3c- Raise Hanford Reach and LWSNFH juvenile fall chinook salmon and sample them when they are at least 120 mm fork length.
Task 3b- Determine the gonadal sex of Hanford Reach and LWSNFH juvenile fall chinook salmon.

Methods

Juvenile fall chinook salmon will be collected (mid-May to Mid-June, 2002) from the Hanford Reach using a combination of beach seining and electrofishing.  A minimum sample size of 750 fish will be collected from the Hanford Reach and LWSNFH.  To provide representative coverage of the Hanford Reach, we will sample several (up to six) areas, especially targeting the main spawning areas of Vernita Bar and Lock Island.  Sample size was determined to allow for a minimum detectable difference of 10% when comparing (using Fisher’s exact test) the prevalence of females between the two sites (Zar 1984).  An alpha level of 0.05 and a beta level of 0.1 were used in this determination.  Weight and total length data will be recorded for all fish.  Juvenile fall chinook will be collected, transported to the CRRL, and maintained until they reach an adequate size for gross determination of gonadal sex.  To ensure that transport and culture of these fish in the laboratory does not affect the determination of sex, sample collection will occur in late May, which should be well past the point of susceptibility to chemical induced sex reversal.  Although determination of sex would be possible immediately after collection, this period of growth in the laboratory will allow us to more easily determine gonadal sex and may allow us to detect gonadal anomalies that might otherwise go undetected if fish were examined at a smaller size.  Fish will be held in fiberglass tanks (1.2-m-diameter) supplied with flow through well water and fed a commercial diet and bloodworms twice daily.  When an average total length of greater than 120 mm is reached, fish will be killed and preserved in buffered formalin for later inspection of the gonads.  Gonadal sex will be determined by visual inspection of the gonads using a Wild MZ6 dissecting microscope.  An aceto-carmine stain will be used to help visualize gonadal structure.  The proportion of females present in the Hanford Reach will be compared to both a theoretical 1:1 ratio and also the proportion of females observed at the reference site using Fisher’s exact test (Zar 1984).  

Objective 4 - Determine the genotypic sex ratio of Hanford reach juvenile fall chinook salmon.

Question of Interest:  Does the genotypic sex ratio of Hanford Reach or LWSNFH fall chinook differ from either the phenotypic sex ratio or a theoretical 1:1 ratio?

Task 4a- Determine the genetic sex ratio in juvenile fall chinook from the Hanford Reach and the LWSNFH.  

Methods

Three different male specific markers, one developed by Devlin et al (1991, 1994), a growth hormone pseudogene marker (Du et al. 1993), and a marker developed by Clifton and Rodriguez (1997) will be used.  Tissue samples (caudal fin and peduncle) will be obtained from all fish sampled for Objective 1 and fixed in 95% ethanol.  Genomic DNA will be isolated from 5-10 mg of the fixed tissue, using the Puregene DNA Isolation Kit (Gentra Systems, Minneapolis, MN).  A protocol for fixed solid tissues supplied by the vendor will be followed.  The genomic DNA obtained will be stored in DNA Hydration Solution (Tris-EDTA buffer) at –80oC until used.  Polymerase chain reactions (PCRs) will be performed with genomic DNA using reagents supplied in the Taq DNA Polymerase kit (GibcoBRL, Rockville, MD).  The University of Idaho laboratory will use two different PCR primer sets that amplify male-specific DNA sequences in chinook salmon, specifically we propose to use the OTY1 (Devlin et al. 1994) and the salmon pseudogene (Du et al. 1993) genetic markers.  Polymerase chain reaction tests for these genetic markers amplify discreet regions on the Y-chromosome (i.e., qualitative) and are therefore male specific (since female chinook salmon have two X sex chromosomes).  Following PCR, the DNA products will be electrophoresed under standard conditions in agarose gels containing ethidium bromide.  The patterns of the ethidium bromide-stained DNA are visualized on an ultraviolet light table and digitally recorded on a computerized analysis system.  This technique will permit the screening of each fish to determine the genetic sex, which will then be compared to the expressed phenotype of each individual as determined by histological analysis in Objective 2.  The use of different genetic tests on each fish will reduce the possibility of obtaining false positives. 

The USGS Western Fisheries Research Center (WFRC) will also analyze DNA extracts using the marker OT24 that quantitatively discriminates sex in chinook salmon (Clifton and Rodriguez, 1997).  The OT24 is a quantitative marker that occurs approximately 100 times more frequently in males than females.  Primers for PCR have been designed that specifically amplify OT24.  Since OT24 is quantitative, genomic DNA extracted from fin samples will be quantitated by fluorescence and an equal amount of DNA PCR amplified.  To avoid false negative results, the OT24 primers will be multiplexed with primers that specifically amplify the hsp30 gene in chinook salmon as previously described (Clifton and Rodriguez, 1997).  Results from these markers will be compared against each other as well as against a theoretical 1:1 ratio and the phenotypic results from Objectives 2 and 3 

g. Facilities and equipment
The Columbia River Research Laboratory (CRRL; Cook, WA)) is part of the WFRC.  The CRRL has three state-of-the-technology analytical laboratories dedicated to enzymology, immunology and cell culture, and general physiology.  In addition to standard equipment such as centrifuges, pH meters, and balances, the laboratories are equipped with VIS-UV and reflectance spectrophotometers, enzyme-linked-immunosorbent assay (ELISA) plate readers, flame photometer, and -80°C freezers.  The lab is staffed with trained technicians and biologists proficient in these techniques with backgrounds in fish genetics, immunology, physiology, and endocrinology.  The 1500 sq. ft. wet lab facility with 64 fish tanks are more than adequate to conduct any level of investigation into fish development or behavior, including studies on disease resistance, reproduction, predator avoidance, thermal preference, osmoregulation, swimming performance and bioenergetics.  All of the laboratory equipment is linked to the CRRL computer network which services 80 users at CRRL and has 8 gigabytes of memory.  Computer software available for data analyses includes SAS, Excel, rBase, Statgraphics, and a variety of other word processing and data management software. The CRRL has its own T-1 line for Internet access. 

Dr. James Nagler has a 600-sq. ft. research laboratory located in Gibb Hall on the University of Idaho Moscow campus.  This laboratory has the following equipment: Micron cryostat, Zeiss Axioskop microscope and Zeiss SV-11 stereomicroscope, Thermolyne hybridization oven, Perkin-Elmer PCR thermal cycler, Beckman refrigerated centrifuge, BioRad submarine and vertical gel electrophoresis equipment, BioRad vacuum transfer apparatus, Nuaire Class II laminar flow hood, fume hood, NapCo CO2 incubator, Shimadzu UV spectrophotometer, Biomark PIT electronic tag reader, Denver micro and top-loading balances, Corning pH meter, 2 water baths, 2 personal microfuges and Rainin pipettors.  There is desk space for two workers and a PC computer (with Internet access) available in this laboratory for word processing and data analysis.  Common use equipment such as gel doc imager, ultracentrifuges, liquid scintillation and gamma counters, and speed-vac concentrator are available within the Department of Biological Sciences.  Dr. Nagler has a separate office (Gibb Hall, Rm 240) across the hall from the laboratory with a PC computer and Internet access.  Dr. Nagler is a member of the Washington State University-University of Idaho Center for Reproductive Biology (CRB), an inter-university organization formed between the two schools in 1996.  The CRB has a number of Core Facilities that support Center faculty research. One of these Cores, the Histology Core Facility, would be used in this project for histological processing of gonadal tissues.  This facility provides specialized services by trained personnel at competitive prices.

A portion of Obj 4 will be conducted at the WFRC (USGS-BRD) in Seattle, WA.  This state of the technology facility has adequate lab and office space, and possesses all of the equipment necessary for molecular biological studies including DNA extractions; nucleic acid hybridizations; DNA, RNA, and protein electrophoresis, and PCR analysis (8 - 96 well thermocyclers).  We are also equipped with a UV spectrophotometer, fluorometer, photodocumentation apparatus, -80°C freezer, x-ray developer, ABI 310 sequencer, and an oligonucleotide synthesizer.
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WILLIAM L. GALE

U.S. Geological Survey Biological Resources Div., Columbia River Research Laboratory, 5501-A Cook-Underwood Rd., Cook, WA 98605, Phone: (509) 538-2299 ext. 284; FAX (509) 538-2843, Email: william_gale@usgs.gov
Education:

B.S.
Illinois State University, December 1992, Biological Sciences


M.S.
Oregon State University, March 1996, Fisheries/Physiology

Current Position:
Physiologist (1997-present), Columbia River Research Laboratory.  Research biologist focusing on the developmental and reproductive endocrinology of fishes.  Specific research topics include; effect of contaminants on the reproductive and immune systems of feral fish, molecular characterization of fish estrogen receptors and sex hormone binding globulin, development of a screening assay for estrogenic contaminants, development of a GIS based tool for understanding the relationship between water pollution and salmonid life history needs, and the assessment of the physiological status of migrating juvenile salmonids. 

Publications:

Patiño, R., Xia, Z. Gale, W.L., Wu, C., Maule, A.G., and Chang, X. (2000). Novel transcripts of the estrogen receptor α gene in channel catfish.  Gen. Comp. Endocrinol. 120: 314 – 325.

Xia, Z., Gale, W.L., Chang, X., Langenau, D., Patino, R., Maule, A.G., and Densmore, L.D. (2000). Phylogenetic sequence analysis, recombinant expression, and tissue distribution of a channel catfish estrogen receptor beta. Gen. Comp. Endocrinol. 118:139-149. 

VanderKooi, S.P., Gale, W.L., and Maule, A.G. (1999).  Preliminary study of gill Na+, K+-ATPase activity in juvenile chinook salmon following electroshock of handling stress.  N. Amer. J. Fish. Mgmt., 20:528-533.

Gale, W.L., Fitzpatrick M.S., Lucero, M., Contreras-Sanchez, W.M., and Schreck, C.B. (1999). masculinization of Nile tilapia (Oreochromis niloticus) by immersion in androgens.  Aquaculture 178:349-357.

Xia, Z., Patino, R., Gale, W.L., Maule, A.G., and Densmore, L.D. (1999). Cloning, in vitro expression, and novel phylogenetic classification of a channel catfish estrogen receptor. Gen. Comp. Endocrinol. 113:360-368.

Fitzpatrick, M.S., W.L. Gale, and C.B. Schreck (1994).  Binding characteristics of an androgen receptor in the ovaries of coho salmon, Oncorhynchus kisutch.  Gen. Comp. Endocrinol. 95:399-408.
 Awards:

1995

Hugo Krueger Award for research in the field of fish physiology.  Department of Fisheries and Wildlife, Oregon State University.

ALEC G. MAULE

Research Physiologist, USGS-BRD, Columbia River Research Laboratory. 5501A Cook-Underwood Rd., Cook, WA 98605.  (509) 538-2299 x 239; Email:alec_maule@usgs.gov.

Education: B.A., University of California, Riverside (Psychology) 1969; B.S., California Polytechnic University, San Luis Obispo (Natural Resource Management) 1979; M.S., Oregon State University (Fisheries Science) 1982; Ph.D., Oregon State University (Fisheries Science) 1989.

Professional Experience: Associate Professor of Fisheries (Courtesy), OSU (1991-present)

Adjunct Associate Professor of Biology, Portland State University (1992-present)

Present Research Support--Related projects:  (1) Development of a user-friendly, mass-screening assay for endocrine disrupting compounds. Funding agency: USGS, Office of Technology Development.  Dates: Feb 1997 - Feb 2000. (2) Endocrine disrupting chemicals and reproduction in white sturgeon. Funding agency: EPA/USGS.  Dates: July 1999 - June 2002. (3) Xenobiotic impact on Arctic char: Nutritional modulation and physiological consequences. National Science Foundation. Dates: Jan 2000 - Dec 2002. (4) Lake Mead and disruption in wildlife: An assessment of reproductive function in fish. Funding agency: USGS, -Water Resources Division.  Other Research Support -- nine projects funded primarily by USGS, BPA, US Army COE.

Publications (most relevant 5 of 36)

Maule, A.G., C.B. Schreck, and C. Sharpe. 1993. Cortisol sensitivity of lymphocytes changes during the parr-to-smolt transformation in coho salmon. Fish Physiology and Biochemistry 10:497-506.

Maule, A.G., R. M. Schrock, C. Slater, M. S. Fitzpatrick, and C. B. Schreck. 1996. Immune and endocrine responses of adult spring chinook salmon during freshwater migration and sexual maturation. Fish and Shellfish Immunology 6:221-233.

Maule, A.G. and S.V. VanderKooi. 1999. Stress-induced immune-endocrine interactions.  Pages 205-245 in P. Balm (editor) Stress Physiology in Animals. Sheffield Academic Press. Sheffield, UK.Beeman, J.W., and A.G. Maule. in press. Residence times and diel passage distribution of radio-tagged juvenile spring chinook salmon in a gatewell and fish collection system of a Columbia River dam. North American Journal of Fisheries Management.

Schrock, R.M., S.D. Smith, and A.G. Maule. in press. Profiles of mucus lysozyme during smoltification of coho salmon and spring chinook salmon. Aquaculture.

VanderKooi, S.P., A.G. Maule, and C.B. Schreck. in press. The effects of electroshock on immune function and disease progression in juvenile spring chinook salmon. Transactions of the American Fisheries Society.

Professional Service: Associate Editor for the Journal of Aquatic Animal Health 1997-present; American Fisheries Society-Fish Health Section, Snieszko Graduate Award Committee (Chair) 1989-91; Physiology Section - Vice Pres., Pres.-elect, Pres., Past-Pres. 1993-97; Awards Committee (Chair) 1997-98; Oregon Chapter- AFS Legislative Committee 1983-84; AFS Oregon Annual Meeting, Program Committee 1985-93; Director of Internal Committees 1989-90; Pres.-elect/Pres./Past Pres. 1990-93.

Regional or National Committees: NMFS’ Willamette and Lower Columbia Rivers Technical Recovery Team; Water Quality Team; Grand Coulee Dam Dissolved Gas Committee (Chair); USGS Endocrine Disrupting Chemical Work Group (ad hoc).

JAMES J. NAGLER

Assistant Professor of Zoology, Department of Biological Sciences, University of Idaho, Moscow, ID 83844-3051; ph. 208-885-4382; FAX 208-885-7905; jamesn@uidaho.edu
Education: Ph.D., Memorial University of Newfoundland, Canada (1991); M.Sc., Concordia University, Canada (1985); B.Sc., University of Guelph, Canada (1983).
Professional Experience: Visiting Scientist, Maurice Lamontagne Institute, Mont-Joli, QC. Recipient of Canadian Government Laboratory Visiting Scientist Fellowship (1994-96); Postdoctoral fellow, Fish Physiology Group, Brunel University, Uxbridge, Middlesex, UK. Recipient of Natural Sciences and Engineering Research Council of Canada (NATO Science) Postdoctoral Fellowship (1992-94). 
Present Research Support- Related Projects: (1) The salmonid estrogen receptor and 

environmental estrogens. Funding agency: NSF-Idaho EPSCoR Program. Dates: Feb. 1998- Aug. 2001. (2) Genetic sex of chinook salmon in the Columbia River basin. Funding agency: Bonneville Power Administration. Dates: May 2001- Mar. 2003. (3) Alternate strategies for sterilization in percids. Funding agency: Washington Department of Fish and Wildlife. Dates: July 2001- June 2004.
Relevant Publications (most recent 5 of 28):
Nagler, J.J., J.G. Cloud, P.A.Wheeler and G.H. Thorgaard (2001) Testis transplantation in male rainbow trout (Oncorhynchus mykiss). Biol. Reprod. 64: 644-646. 

Nagler, J.J., J. Bouma, G.H. Thorgaard and D.D. Dauble (2001) High incidence of a male-specific genetic marker in phenotypic female chinook salmon from the Columbia River. Environ. Health  Perspect. 109: 67-69.

Nagler, J.J., M. Krisfalusi and D.G. Cyr (2000) Quantification of rainbow trout (Oncorhynchus mykiss) estrogen receptor- messenger RNA and its expression in the ovary during the reproductive cycle. J. Mol. Endocrinol. 25: 243-251.

Krisfalusi, M. and J.J. Nagler (2000) Induction of gonadal intersex in genotypic male rainbow trout (Oncorhynchus mykiss) embryos following immersion in estradiol-17. Mol. Reprod. Develop. 56: 495-501.

Nagler, J.J., J.E. Parsons and J.G. Cloud (2000) Single pair mating indicates maternal effects on embryo survival in rainbow trout, Oncorhynchus mykiss. Aquaculture 184: 177-183.

Professional Service: (1) Ad hoc reviewer for journals: Aquaculture Research; Archives of  Environmental Contamination and Toxicology; Biology of Reproduction; Canadian Journal of Zoology; Fish Physiology and Biochemistry; General and Comparative Endocrinology; International Symposium on Reproductive Physiology of Fish-1991, 1999; Progressive Fish Culturist. (2) Ad hoc reviewer for journals: granting agencies- Civilian Research & Development Foundation (2000); National Science Foundation (2000); Natural Environment Research Council (UK) (1999); New York Sea Grant (1999); United States Department of Agriculture, NRICGP (1998, 1999); University of Wisconsin, Water Resources Center (1998); Oregon State University, Pond Dynamics/ Aquaculture Title XII (1997); Natural Sciences and Engineering Research Council (Canada) (1995); Agricultural and Fisheries Research Council (UK) (1994).

(3) Advisory panels: Animal Reproductive Efficiency Panel Member for USDA National Research Initiative Competitive Grants Program (2000); Scientific Advisory Panel Member for Battelle Endocrine Disruptor Screening Program (2001- present).
Matthew G. Mesa

Research Fisheries Biologist, USGS-BRD, Columbia River Research Laboratory, 5501 Cook-Underwood Rd, Cook, WA, 98605, (509) 538-2299 ext. 246,E-mail:  matt_mesa@usgs.gov
Education:  
B.S. (Natural Resources Management), California Polytechnic State University at San Luis Obispo, 1984; M.S. (Fisheries Science), Oregon State University, 1989; Ph.D. (Fisheries Science), Oregon State University, 1999.

Expertise: 
My areas of expertise include predator-prey interactions in fishes, fish behavior and performance, and general and stress physiology of fishes
Publications:  (five of 17)

Mesa, M.G. and C.B. Schreck.  1989.  Electrofishing mark-recapture and depletion methodologies evoke behavioral and physiological changes in cutthroat trout.  Transactions of the American Fisheries Society 118:644-658. 

Mesa, M.G.  1994.  Effects of multiple acute stressors on the predator avoidance ability and physiology of juvenile chinook salmon.  Transactions of the American Fisheries Society 123:786-793.

Mesa, M.G., T.P. Poe, D.M. Gadomski, and J.H. Petersen.  1994.  Are all prey created equal?  A review and synthesis of differential predation on prey in substandard condition.  Journal of Fish Biology 45 (Supplement A):81-96. 

Mesa, M.G., A.G. Maule, and C.B. Schreck.  1999.  Influence of bacterial kidney disease on smoltification in salmonids: is it a case of double jeopardy?  Aquaculture 174:25-41. 

Mesa, M.G., A.G. Maule, and C.B. Schreck.  2000.  Interaction of infection with Renibacterium salmoninarum and physical stress in juvenile chinook salmon: physiological responses, disease progression, and mortality.  Transactions of the American Fisheries Society 129:158-173. 

RUSSELL J. RODRIGUEZ

Western Fisheries Research Center U.S. Geological Survey, 6505 NE 65th St. Seattle, WA 98115.  (206) 526-6282, E-mail:  rusty_rodriguez@usgs.gov.

EDUCATION:

Ph.D. – Oregon State University (Corvallis, OR), May 1983


Major – Microbial Physiology Emphasis – Membrane Physiology in Fungi

B.S.– University Of California (Davis, CA), June 1978


Major – Bacteriology Emphasis – General Bacteriology

EXPERIENCE:
Microbiologist/Project Leader (GS–13) – US Geological Survey, December 1992 to present.

Affiliate Associate Professor Dept. Botany, University of Washington 1995 to present 

Assistant Professor – University of California at Riverside, Department of Plant Pathology, December 1988 to April 1993, (Affiliate Status until 6/97)

Postdoctoral Fellow – Cornell University, Department of Plant Pathology, May 1985 – May 1988.

Postdoctoral Fellow/Research Associate – Oregon State University, Department of Microbiology, August 1983 – December 1984.

Graduate Research Assistant – Oregon State University, December 1979 – July 1983.

CURRENT SALMONID RESEARCH:
Development of PCR-based molecular genetic markers to study:  1 - Genetic diversity of hatchery and wild chinook populations, 2 - gender of chinook salmon populations in response to environmental stress, 3 - hybridization between cutthroat and rainbow trout, and 4 - run composition of outmigrating chinook juveniles in the Columbia and Snake river basins.
PUBLICATIONS: (relevant to this proposal)

Bartholomew, J.L., Rodriguez, R.J., and Arakawa, C.K. 1994 Development of a DNA probe for the myxosporean parasite, Ceratomyxa shasta, using the polymerase chain reaction with arbitrary primers. Dis. of Aquatic Org., 21:215–220.

Clifton, D.R. and Rodriguez, R.J. 1997 Characterization and application of a quantitative DNA marker that discriminates sex in chinook salmon (Oncorhynchus tshawytscha). Can. J. Fish. Aquat. Sci. 54:2647-2652.

Clifton, D.R., Rasmussen, C., and Rodriguez, R.J.  2001. A genetic comparison between a hatchery population of spring chinook salmon (Oncorhynchus tshawytscha) and its founding wild population using a novel set of DNA markers. In Review. Transactions of the American Fisheries Society

Ostberg, C. and Rodriguez, R.J.  2001. Species specific molecular markers differentiate Onchorhynchus mykiss (steelhead and rainbow trout) from Onchorhynchus clarki clarki (coastal cutthroat trout) and identify hybridization between the species. In Review. J. Heredity.

Rasmussen, C., Ostberg, C., Clifton, D.R., Holloway, J.L., and Rodriguez, R.J.  2001. Identification of a genetic marker that discriminates fall and spring chinook (Onchorhynchus tshawytscha) in the Columbia River basin.  In preparation.
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