
Project Title: The Influence of Seasonal Hypoxic Events in the Central Basin of Lake Erie on the Short-Term Growth of Organisms from Multiple Trophic Levels.
Principal Investigator: Tomas O. Höök, Cooperative Institute for Limnology and Ecosystems Research, School of Natural Resources and Environment, University of Michigan, Ann Arbor, MI 48105; thook@umich.edu; phone, 734-741-2388; fax, 734-741-2055

Co-Investigators: James S. Diana, School of Natural Resources and Environment, University of Michigan, Ann Arbor, MI 48109; jimd@umich.edu; phone, 734-763-5834; Sture Hansson, Department of Systems Ecology, Stockholm University, 106 91, Stockholm, Sweden; sture.hansson@ecology.su.se; phone, (011) 46 816 4248; Elena Gorokhova, Department of Systems Ecology, Stockholm University, 106 91, Stockholm, Sweden; elenag@system.ecology.su.se; phone, (011) 46 816 4256

GLERL Collaborators: Stuart A. Ludsin, Henry A. Vanderploeg, Thomas F. Nalepa, Scott D. Peacor, and Steven A. Pothoven.

Executive summary of project rationale: During late summer, the central basin of Lake Erie is characterized by a large hypolimnetic area of hypoxia.  Although there is currently a great deal of concern among various Lake Erie users groups regarding this hypoxic area, it is not clear that this concern is ecologically justified.  During 2005, a team of GLERL researchers (Ludsin, Vanderploeg, Nalepa, Peacor, and Pothoven) will initiate a study to elucidate the ecological effects of seasonal hypoxia on multiple trophic levels in the central basin of Lake Erie.  These researchers will primarily evaluate two potential consequences of seasonal hypoxia, 1) changes in the normal diel-migration patterns of benthic macroinvertebrates, zooplankton, and fish and 2) changes in diets of commercially and economically important fish species.  We propose to augment this research by evaluating if hypoxia-induced changes in behavior (diel-migrations) and trophic-interactions (diets) actually impact representative species vital rates’ (i.e., growth).

Documenting the effects of central basin Lake Erie hypoxia on individual organism growth and nutritional status with traditional measures (e.g., weight-length measures, energy densities, eggs per individual) is difficult, because although the anoxic zone in Lake Erie exists for a relatively short time period (1.5 months), traditional measures of growth and condition integrate feeding history and energetic utilization over the whole life-time of an organism.  Therefore, we will use RNA:DNA ratios in order to index more recent growth and condition of individual animals.  The measurement of nucleic acid ratios is based on the notion that DNA concentrations within individual cells remain fairly constant while RNA concentrations increase as protein synthesis increases.  Thus, a well-fed, active, growing individual should have a relatively high RNA:DNA ratio compared to a starving, inactive individual.  We will compare nucleic acid concentrations among a suite of representative organisms (zooplankton, i.e., Daphnia retrocurva and Bythotrephes cederströemi; benthic macroinvertebrates, i.e., a dreissenid and a chironomid species.; planktivorous fish, i.e., rainbow smelt; benthivorous fish, i.e., lake whitefish; and piscivorous fish, i.e., walleye) collected on two occasions (pre- and during hypoxic conditions) from two regions of Lake Erie’s central basin, 1) an area where the hypolimnion becomes seasonally hypoxic, and 2) an area where the hypolimnion remains relatively well-oxygenated throughout the year.  We hypothesize that recent growth rates (as indexed by mean RNA:DNA ratios) will not differ significantly among regions prior to the onset of hypoxia, but will be significantly greater in the non-hypoxic zone during late summer.
Project Description: Hypoxic conditions in the central basin of Lake Erie were first detected in the late 1950’s (Charlton 1987), and despite aggressive nutrient abatement efforts, late summer hypolimnetic dissolved oxygen depletion rates have decreased only slightly since 1970 (Bertram 1993).  The recurrence of seasonal hypoxic events in Lake Erie’s central basin subsequent to significant nutrient reductions suggest that these low oxygen events are not due solely to anthropogenically-induced eutrophication (Reynoldson and Hamilton 1987; Charlton et al. 1993).  Regardless of the primary causes of seasonal hypoxia, it is critical to elucidate its ecological consequences on the biota of Lake Erie.  
Although there is speculative evidence suggesting that marginal increases in hypolimnetic dissolved oxygen concentrations have increased productivities of certain central basin benthic macroinvertebrate and fish species (Reynoldson and Hamilton 1987; Ludsin et al. 2001), the ecological effects of the seasonal hypoxic zone in Lake Erie have not been fully evaluated and are largely unknown.  Eutrophication has led to severe reductions in oxygen concentrations in several freshwater, marine, and estuarine systems throughout the world (e.g., Caddy 1993; Diaz and Rosenberg 1995; Prepas et al. 1997; Breitburg et al. 2001; Rabalais and Turner 2001), and studies on a variety of systems demonstrate that low hypolimnetic oxygen levels can both directly and indirectly impact multiple trophic levels (Prepas et al. 1997; Rabalais and Turner 2001).  Thus, based on observed effects in other systems, it is likely that seasonal hypoxia leads to a suite of ecological consequences in Lake Erie’s central basin. 
The most direct effect of hypoxia is mortality due to prolonged exposure to low ambient oxygen concentrations (Burnett and Stickle 2001).  In addition, hypoxic events can trigger various sub-lethal behavioral and physiological responses, which can cause dramatic indirect effects on aquatic food webs (e.g., Prepas et al. 1997; Rabalais and Turner 2001).  ).  For instance, several researchers have documented that fish (e.g., Aku et al. 1997) and zooplankton (e.g., Field and Prepas 1997; Qureshi and Rabalais 2001) adjust their vertical and horizontal distributions in response to low oxygen events.  Such behavioral responses can impact the spatial overlap (and thus encounter rates) of predators and prey, and may lead individual organisms to occupy inferior thermal and optical habitats.  Physiological responses to low oxygen (e.g., shift to anaerobic respiration, reduced activity levels, and decreased disease resistance) can also indirectly impact trophic interactions by affecting foraging abilities and prey vulnerabilities (Burnett and Stickle 2001).  Ultimately, the combined direct and indirect effects of hypoxic events can have far-reaching trophic consequences, impacting the vital rates (growth and mortality) of multiple populations (both benthic and pelagic).

During 2005, a team of GLERL researchers (Ludsin, Vanderploeg, Nalepa, Peacor, and Pothoven) will initiate a study to elucidate the ecological effects of seasonal hypoxia on multiple trophic levels in the central basin of Lake Erie.  Their study design involves a comparison of populations and communities between two areas in the central basin, one, where the hypolimnion becomes seasonally hypoxic and another where the hypolimnion remains relatively well-oxygenated throughout the year.  Within these two areas, GLERL researchers will use a combination of sophisticated sampling technologies (fish acoustics; towed plankton survey system with numerous sensors) and traditional methods (plankton net/pump sampling; benthic Ponar sampling; bottom and mid-water trawling; gill-netting) to evaluate three potential consequences of seasonal hypoxia, 1) changes in the normal diel-migration patterns of zooplankton, and fish, 2) physiologically-induced changes in chironomid production, and 3) changes in diets of commercially and economically important fish species.  Thus, these researchers will primarily seek to document behavioral (vertical distributions) and physiological (chironomid production) effects of hypoxia and resulting alterations to trophic interactions (diets).  This leads to the obvious question of whether these potential changes in behavior, physiology and trophic interactions actually affect vital rates, such as individual growth.

Documenting the effects of hypoxia in Lake Erie’s central basin on individual organism growth and nutritional status with traditional measures (e.g., weight-length measures, energy densities, eggs per individual) is difficult, because although the hypoxic zone in Lake Erie exists for a relatively short time period (1.5 months), traditional measures of growth and condition integrate feeding history and energetic utilization over the whole life-time of an organism.  Therefore, we will use RNA:DNA ratios to index more recent growth and condition of individual animals.  The measurement of nucleic acid ratios is based on the notion that DNA concentrations within individual cells remain fairly constant while RNA concentrations increase as protein synthesis increases.  Thus, a well-fed, growing individual should have a high RNA:DNA ratio compared to a starving, individual.  Our use of nucleic acid ratios to assess recent growth and nutritional condition of organisms (representative zooplankton, benthic macroinvertebrates and fish) collected in control (remain norm-oxic) and treatment (hypoxic) regions will directly complement and expand upon the planned activities of GLERL researchers.  We hypothesize that mean RNA:DNA ratios will not differ significantly among regions prior to the onset of hypoxia, but will be significantly greater in the non-hypoxic zone during late summer.
The measurement of nucleic acid ratios is a promising approach for assessing individual condition of a variety of aquatic organisms, including phytoplankton (e.g., Berdalet et al. 1991), zooplankton (e.g., Gorokhova and Kyle 2002; Gorokhova 2003), macroinvertrebrates (e.g., Kyle et al. 2003), larval fish (e.g., Clemmesen 1994; Pepin et al. 1999; Gwak et al. 2003) and juvenile/adult fish (e.g., Smith and Buckley 2003).  There are various advantages of RNA:DNA ratios over other measures of organism condition.  1) Most noteworthy, whereas most traditional measures of growth and condition integrate feeding history and energetic utilization over the whole life-time of an organism, nucleic acid ratios provide a measure of recent growth and condition.  2) The measurement of nucleic acid ratios of various tissue types may allow an examination of recent growth in various components of an organism’s body, potentially allowing for examination of how organism allocate energy for growth under various rearing conditions.  3) For organisms with discontinuous growth and molt cycles (e.g., many invertebrates), assessing condition based upon relationships between length and weight is problematic, and thus physiological measures of condition (e.g., nucleic acid ratios) are more useful.  4) Even for organisms with approximately continuous growth (e.g., fish), many traditional approaches for estimating growth rates involve repeated sampling and are strife with the possibility of human biases (e.g., errors in ageing fish).  Nucleic acid ratios however provide a point-in-time unbiased measure of individual condition and growth.  5) Although it is necessary to sacrifice small animals in order to extract their nucleic acids, it may be possible to non-lethally assess RNA:DNA ratios for larger fish (Smith and Buckley 2003).  Therefore, this technique should prove particularly useful in the study of rare and endangered fish populations, for which lethal sampling may not be an option.  Further, since fish stocks around the world continue to decline, measuring nucleic acid ratios should continue to increase in frequency as more and more populations become rare and endangered. 
Project Objectives: Our primary objective is to measure RNA:DNA ratios of multiple taxa and ontogenetic stages (representing various food web components), and compare observed nucleic acid ratios between organisms collected in 1) a region of Lake Erie’s central basin where the hypolimnion becomes hypoxic and 2) a region of Lake Erie’s central basin where the hypolimnion remains well oxygenated.  Thereby, we will assess the effects of the hypoxic zone on the short-term growth and nutritional condition of representative organisms.  

Project Approach/Methods: We will compare RNA:DNA ratios among organisms (representative zooplankton, benthic macroinvertebrates and fish) collected in control (remain norm-oxic) and treatment (anoxic) regions (see below for a description of taxa and ontogenetic stages targeted for analysis).  We will collect organisms from control and treatment regions prior to the onset of hypoxia (July-2005) and during peak hypoxia (August or September-2005).  Thus, we will be able to compare RNA:DNA ratios among regions during two time periods, 1) when hypoxia should not influence recent growth and condition and 2) when hypoxia may influence recent growth and condition.  Our sampling will be conducted at the same time, from the same research vessels (i.e., R/V Lake Guardian and R/V Laurentian), using the same collection gear (i.e., Ponar to collect benthic macroinvertebrates; plankton nets to collect zooplankton; and midwater/bottom trawls and gill-nets to collect fish) as GLERL researchers.


Upon collecting a sample for analysis, we will immediately sort out target organisms under a microscope (zooplankton or benthic invertebrates) or on deck (fish).  We will measure weights and lengths of individuals, and place whole animals (or muscle, liver and scale tissues for fish) in RNAlater® (an RNA storage reagent which greatly decreases the rate of nucleic acid degredation; Gorokhova 2005).  In order to allow for absorption of RNAlater® into animal tissues, we will incubate samples at 4˚C for 24-48 hours and then freeze samples at -20˚C.  In the laboratory, we will confirm taxa and ontogenetic stage identifications and re-measure total lengths.  Then, to quantify RNA:DNA ratios we will rely on established procedures for measuring nucleic acids in a variety of organisms (e.g., Caldarone et al. 2001; Gorokhova and Kyle 2002).  In short, these techniques involve homogenizing tissue and extracting nucleic acids through treatment with an extraction buffer and centrifugation.  Total nucleic acid concentrations are then measured fluorometrically, by comparing sample fluorescence with the fluorescence of RNA and DNA standards.  After total nucleic acid concentrations are determined, samples are treated with RNase, allowing for flourometric measurement of DNA concentrations.  Finally, samples are treated with DNase and background fluorescence is measured.  RNA concentrations are estimated from the difference between total fluorescence and DNA fluorescence.  DNA concentrations are estimated from the difference between DNA fluorescence and background fluorescence.  In order to corroborate fluorescence values, we will also measure fluorescence of nucleic acid standards (e.g., calf thymus DNA, 18S ribosomal RNA) and tissue blanks. 

Organisms for analysis: Studies on various aquatic organisms demonstrate that RNA:DNA ratios are an appropriate measure of individual growth and condition (e.g., Clemmesen 1994; Gorokhova 2003; Smith and Buckley 2003).  However, nucleic acid ratios clearly vary among species, tissue-types and ontogenetic stages (e.g., Gorokhova and Kyle 2002).  Thus, in choosing organisms for analysis it is critical that we select species and ontogenetic stages, which we will reliably collect in both control and treatment regions.  We therefore plan to analyze taxa which are abundant throughout the central basin (due to their abundance these same taxa are also likely ecologically important).  In analyzing nucleic acids of zooplankton and non-dreissenid benthic invertebrates, we will homogenize entire organisms (we will limit analysis of dreissenids to soft parts).  In quantifying RNA:DNA ratios of fish we will remove and analyze specific tissues (see below).
Zooplankton- We will analyze nucleic acid ratios of two zooplankton taxa, Daphnia retrocurva and Bythotrephes cederströemi.  These taxa are abundant in Lake Erie (Johannsson et al. 2000), and are large enough whereby individual organisms can be identified and picked on-board, under a microscope, shortly after collection.  Bythotrephes cederströemi is a large, invasive, predatory cladoceran and is likely ecologically important.  Daphnia retrocurva is particularly appropriate for analysis because lab studies have elucidated a relationship between ontogenetic stage of Daphnia spp. and RNA-DNA concentrations (Gorokhova and Kyle 2002).  In order to eliminate the confounding effects of non-somatic tissue growth on nucleic acid analysis, we intend to analyze zooplankton juvenile instars (J3 for D. retrocurva; Instar I for B. cederströemi).
Benthic macroinverterbrates-  Based on a 1993 survey, benthic biomass in Lake Erie is dominated by two taxa Dreissena spp. and Chironimus spp. (Johannsson et al. 2000).  GLERL researchers will conduct benthic surveys within the control and treatment regions during May and June, 2005.  Based on preliminary analysis of these late spring and early summer collections, we will select the most abundant dreissenid and chironomid species for analysis, (either D. polymorpha or D. bugensis and either C. semireductus or C. thummi).  To control for size and ontogenetic effects, for each species we will limit our analysis to the most abundant size group.
Fish- We will measure RNA:DNA ratios of three abundant, representative Lake Erie fish species; a planktivore (rainbow smelt, Osmerus mordax), a benthivore (lake whitefish, Coregonus clupeaformis) and a piscivore (walleye, Sander vitreus).  Based on sampling by GLERL researchers during May and June, 2005, we will identify the most abundant size groups of each of these species and will limit analyses to individuals within these size groups.  Liver and skeletal muscle are the most useful tissue-types for measuring nucleic acid ratios in order to infer recent growth of juvenile and adult fish (Buckley and Bulow 1987).  Thus, upon collecting a fish for analysis, we will anesthetize, sacrifice, and dissect the individual, and then remove blocks of liver and left epaxial muscle (we will also remove and preserve 5-10 scales, see below).
Sample sizes: The samples sizes necessary to infer if the recent growth and nutritional status of organisms varies between hypoxic and non-hypoxic regions, largely depend on the inter-individual variation in RNA:DNA ratios.  Given that we cannot measure inter-individual variation a priori, we anticipate a somewhat adaptive approach in determining species-specific sample sizes.  During each sampling period (pre- and during hypoxia) and in each region (treatment and control), we plan to collect up to 80 individuals of each species.  In the lab, we will initially analyze 20 individuals of each species (from each sampling period and region).  After analyzing these initial data, we will determine if additional nucleic acid measures are necessary, and if so we will analyze the additional organisms available.  In addition, given that we are not certain that we will collect sufficient numbers of specific ontogenetic stages or size groups, for some taxa we may a posteriori adopt an ANCOVA approach (with stage or size as a covariate and region as a factor).  As a side note, we will use 96-well microplates for fluorometric analysis, thus we can readily analyze 80 individual samples at a time (and still have wells available for nucleic acid standards and blanks).  Therefore, although we propose to measure nucleic acid ratios of a large number of individuals (7 species × 2 regions × 2 time periods × 20-80 individuals), rapid analysis is quite feasible in the laboratory.

Project coordination: We will coordinate this study with activities related to two other projects.  First, we will intimately coordinate our study with GLERL researchers investigating the ecological effects of CBLE hypoxia (see above).  Our sampling will be conducted at the same time, from the same research vessels (i.e., R/V Lake Guardian and R/V Laurentian), using the same collection gear (i.e., Ponar to collect benthic macroinvertebrates; plankton nets to collect zooplankton; and midwater/bottom trawls and gill-nets to collect fish) as these GLERL researchers.  We will analyze the nutritional condition of the same individual fish which GLERL researchers collect for acoustic target identification and diet analysis.  Thus, we do not plan on setting additional gill-nets or undertaking additional midwater and bottom trawl tows, in excess of those already planned by GLERL researchers.  However, as GLERL researchers must retain entire zooplankton and benthos samples for enumeration in the laboratory, we will take additional plankton net tows and Ponar grabs in order to collect zooplankton and benthic macroinvertebrates for nucleic acid analysis.

We will also coordinate the activities of this project with a funded study by Höök, Hansson, and Gorokhova to investigate habitat influences on recent growth (as indexed by RNA:DNA ratios) of young Baltic herring.  To conduct this study, Höök will travel to Stockholm University for 1 week during June 2005 (i.e., prior to collections in Lake Erie) and for 4-5 weeks during October and November 2005.  These trips will allow Höök to consult with Gorokhova, an expert in the ecological application of nucleic acid analysis. 
Project Relevance: This project fits very well with the overarching themes of IFYLE-2005 (International Field Year for Lake Erie).  Our study will help to elucidate the ecological consequences of periodic hypoxic events.  Specifically, we will examine if these events directly (by affecting physiology) and indirectly (by affecting behavior, prey consumption and food quality) influence the growth of multiple trophic levels and ultimately, fish production.  In addition, our research will result in a clear product.  That is, the answer to the question, “Does hypoxia in the central basin influence the short-term growth of zooplankton, benthic invertrebrates, and fish?”  Finally, this study will integrate the activities of GLERL and non-GLERL scientists, and by involving researchers from outside the region (in fact outside the continent) will be truly international.
Collaboration/Other Project Linkages: As suggested above, we will closely coordinate our study activities with a team of GLERL researchers (Ludsin, Vanderploeg, Nalepa, Peacor, and Pothoven).  During 2005, these researchers will primarily evaluate two potential consequences of seasonal hypoxia, 1) changes in the normal diel-migration patterns of benthic macroinvertebrates, zooplankton, and fish and 2) changes in diets of commercially and economically important fish species.  Our study will enhance the research activities of these GLERL scientists by evaluating whether hypoxia-induced changes in behavior (i.e., diel migrations) and trophic interactions (i.e., diets) actually impact vital rates (i.e., recent growth).
Governmental/Societal Relevance: Although there is currently a great deal of concern among various Lake Erie users groups regarding CBLE hypoxic events, it is not clear that this concern is ecologically justified.  This project will directly evaluate if hypoxic events impact the short-term growth rates of various trophic levels.  Thus, our study, together with planned investigations by GLERL researchers, should either serve to enhance or alleviate these concerns.  Under either scenario, the understanding gained through this study will allow Lake Erie managers 1) to more effectively communicate with relevant user groups and 2) advocate for appropriate management actions.
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-Midwest Fish and Wildlife Conference. Chicago, IL. December 1999.

-North American Benthological Society Annual Meeting. Duluth, MN. May 1999.

Manuscript and Grant Reviews
-Reviewed manuscripts for the following publications: Estuaries, Transactions of the American Fisheries Society, Journal of Great Lakes Research, and Journal of Freshwater Ecology.

-Served as grant reviewer for the Great Lakes Fishery Commission.
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Education
University of Alberta






Ph.D., Zoology, 1979

California State University, Long Beach



M.A., Biology, 1975

California State University, Long Beach



B.S., Marine Biology, 1974

Professional Experience
1999-present
Associate Dean and Professor



1996-present
Professor of Natural Resources and Associate Research Scientist, 


  
Center for Great Lakes and Aquatic Sciences

1984-1996
Associate Professor and Associate Research Scientist

1979-1984
Assistant Professor and Assistant Research Scientist 

1975


Fisheries Biologist, California Department of Fish and Game

1974
Fisheries Biologist, Inyo National Forest

Scientific and Professional Organizations
American Fisheries Society

Canadian Society of Zoologists

World Aquaculture Society

Network of Tropical Aquaculture Scientists

Selected Publications
Diana, J.S.  2004.  Biology and ecology of fishes, Second Edition.  Biological Sciences Press.  Carmel, Indiana.

McRae, B.J., and J.S. Diana.  2004. Factors influencing density of age-0 brown and brook trout in the Au Sable River, Michigan.  Transactions of the American Fisheries Society 134:132-140.

DePhilip, M., J.S. Diana, and D. Smith.  2005.  Movement of walleye in an impounded reach of the Au Sable River, Michigan.  Environmental Biology of Fishes.  In press.

Diana, J.S., J.P. Hudson, and R.D. Clark, Jr.  2004.  Seasonal and daily movements of large brown trout in a Michigan stream.  Transactions of the American Fisheries Society 133:34-44.

Yang Yi, C.K. Lin, and J.S. Diana.  2004.  Comparison of economic returns for various strategies of Nile tilapia (Oreochromis niloticus) pond culture.  Asian Fisheries Science (in review).
Yang Yi, C.K. Lin, and J.S. Diana.  2003.  Hybrid catfish (Clarias macrocephalus x C. gariepinus) and Nile tilapia (Oreochromis niloticus) culture in an integrated pen-cum-pond system: growth performance and nutrient budgets.  Aquaculture 217:395-408.

Yi, Y., C.K. Lin, and J.S. Diana.  2003.  Waste recycling in fishpond culture through integrated culture systems.  Pages 265-270 in B. Phillips, B.A. Megrey, and Y. Zhou, editors.  Proceedings of the Third World Fisheries Congress: feeding the world with fish in the next millennium(the balance between production and environment.  American Fisheries Society, Symposium 38, Bethesda, Maryland.
Giap, D.H., Yang Yi, N.S. Cuong, L.T. Luu, J.S. Diana, and C.K.Lin.  2003.  Application of GIS and remote sensing for assessing watershed ponds for aquaculture development in Tahi Nguyen, Vietnam.  2003 Map Asia Conference, Land Use Analysis Section.

Yang Yi, C.K. Lin, and J.S. Diana.  2002.  Recycling pond mud nutrients in integrated lotus-fish culture.  Aquaculture 212:213-226.

Rust, A., J.S. Diana, T. Margenau, and C. Edwards.  2002.  Lake characteristics influencing spawning success of Muskellunge Esox masquinongy.  North American Journal of Fisheries Management  22:834-841.
Schaeffer, J.S., J.S. Diana, and R.C. Haas.  2000.  Effects of long term changes in the benthic community on growth and mortality of yellow perch in Saginaw Bay, Lake Huron.  Journal of Great Lakes Research 26:340-351.

Schaeffer, J.S., R.C. Haas, J.S. Diana, and J.E. Breck. 1999.  Field test of two energetic models for yellow perch.  Transactions of the American Fisheries Society 128:414-435.
Zorn, S., T. Margeneau, J.S. Diana, and C.J. Edwards.  1998.  The influence of spawning habitat on natural reproduction of muskellunge in Wisconsin.  Transactions of the American Fisheries Society 127:997-1007.

Diana, J.S., and C.K. Lin.  1998.  The effects of fertilization on growth and production of Nile tilapia in rain-fed ponds.  Journal of the World Aquaculture Society 29:405-413.

Diana, J.S.  1997.  Feeding strategies.   Pages 245-263 in H. Egna and C. Boyd, editors.  Dynamics of pond aquaculture.  CRC Press, Boca Raton, Florida. 

Diana, J.S., J.P. Szyper, T.R. Batterson, C.E. Boyd, and P.H. Piedrahita.  1997.  Water quality in ponds.  Pages 53-71 in H. Egna and C. Boyd, editors.  Dynamics of pond aquaculture. CRC Press, Boca Raton, Florida. 

Diana, J.S., C.K. Lin, and Y. Yi.  1996.  Timing of supplemental feeding for tilapia production.  Journal of the World Aquaculture Society 27:410-419.

Diana, J.S.  1995.  Energetics.  Pages 103-124 in J. Craig, editor.  The biology of pike and related fish.  Chapman and Hall, London.

Diana, J.S., and C.K. Lin.  1995.  Supplemental feeding of tilapia in fertilized ponds.  Journal of the World Aquaculture Society 25:497-506.

Buurma, B.J., and J.S. Diana.  1994.  Effects of feeding frequency and handling on growth and mortality of cultured walking catfish, Clarias fuscus.  Journal of the World Aquaculture Society 25:175-182.

Diana, J.S., D. Dettweiler, and C.K. Lin.  1990.  Effect of Nile tilapia Oreochromis niloticus) on the ecosystem of aquaculture ponds, and its significance to the trophic cascade hypothesis.  Canadian Journal of Fisheries and Aquatic Sciences 48:183-190.

Diana, J.S., and R. Salz.  1990.  Energy storage, growth, and maturation of yellow perch from different locations in Saginaw Bay, Michigan.  Transactions of the American Fisheries Society 119:976-984. 

Flath, L.E., and J.S. Diana.  1985.  The seasonal energy dynamics of the alewife in southeastern Lake Michigan.  Transactions of the American Fisheries Society 114:328-337.

Diana, J.S.  1983.  Growth, maturation, and production of northern pike in three Michigan lakes.  Transactions of the American Fisheries Society 112:38-46.
CURRICULUM VITAE    

Name: Sture Olof Hansson

Date of birth: 14 May, 1953

Matriculation from high school: 10 June, 1972.

1975, Oct. 13: Filosofie Kandidat (roughly equiv. to B.Sc., University of Uppsala, including chemistry 1 yr, biology 2.5 yr)

1989, June 5: Filosofie Doktor (Ph.D., Stockholm University, Dept. of Zoology)

Thesis: Biotic interactions in fish and mysid communities, studies in two Baltic coastal areas.  

1993, Dec. 16: Docent (roughly equiv. to associate professor, Stockholm University, Dept. of Systems Ecology)

2002, Dec. 12: Member of the Royal Swedish Academy of Agriculture and Forestry

2003, March 6: Appointed by the students at Stockholm University as the 2002’s best teacher in the field of biology

2004, June 1: Professor, Stockholm University, Dept. of Systems Ecology.

Research at other universities and institutes than Stockholm University

During the period September 21 to October 4 1989, I visited the Limnological Institute in Irkutsk and participated in a scientific expedition on Lake Baikal. Royal Swedish Academy of Sciences and Akademia Nauk of the USSR supported the visit.

During the periods May 7 - June 7 1990, February 23 - April 27 1993, Mars 7 - April 29 1994, October 8-23 1998, and June 5-17 2001, I was a guest scientist at the Center for Limnology in Madison, Wisconsin (hosts: 1990 – L.G. Rudstam, 1993, 1994, 1998 and 2001 – J.F. Kitchell). Aug. 15-28 2002, guest scientist at the Lake Nerka research station, Alaska (host: D.E. Schindler).

The spring semester 1997 (January-May), I was hired as a visiting assistant professor at the Center for Limnology in Madison, Wisconsin. During this period I was teaching a course in Fish ecology together with John J. Magnuson and did research with Stephen R. Carpenter on the accumulation by fish of PCB and other toxic substances. This arrangement was repeated in the spring 2004, when the course was taught together with Jake Vander Zanden and the research was on trophic interactions in Lake Superior and conducted in cooperation with James F. Kitchell. 

Scientific publications
International scientific journals: 60

Reports and publications in Swedish : 62

Recent scientific publications

Gorokhova, E., S. Hansson. 1999. An experimental study on variations in stable carbon and nitrogen isotopes fractionation during growth of Mysis mixta and Neomysis integer  (Crustacea, Mysidacea). Can. J. Fish. Aquat. Sci. 56:2203-2210

Gorokhova, E. and S. Hansson. 2000. Elemental composition of Mysis mixta (Crustacea, Mysidacea) and energy costs of reproduction and embryogenesis under laboratory conditions. J. Exp. Mar. Biol. Ecol. 246:103-123 

Hansson, S., L. Karlsson, E. Ikonen, O. Christensen, A. Mitans, D. Uzars, E. Petersson and B. Ragnarsson. 2001. Stomach analyses of Baltic salmon from 1959-1962 and 1994-1997: possible relations between diet and yolk-sac-fry mortality (M74). J. Fish Biol. 58:1730-1745

Hjerne, O. and S. Hansson. 2001. Constant catch or constant harvest rate? - The Baltic Sea cod (Gadus morhua L.) fishery as a modelling example. Fish. Res. 53:57-70

Hansson, S., B.T. De Stasio, E. Gorokhova and M. A. Mohammadian. 2001. Ratio-dependent functional responses – tests with the zooplanktivore Mysis mixta. Mar. Ecol. Prog. Ser. 216:181-189

Hjerne, O. and S. Hansson. 2002. The role of fish and fisheries in Baltic Sea nutrient dynamics. Limnology and Oceanography 47:1023-1032

Axenrot, T. and S. Hansson. 2003. Predicting herring recruitment from young-of-the-year densities, spawning stock biomass, and climate. Limnology and Oceanography 48: 1716-1720.

Harvey, C.J., S.P. Cox, T.E. Essington, S. Hansson and J.F. Kitchell. 2003. An ecosystem model of food web and fisheries interactions in the Baltic Sea. ICES Journal of Marine Science 60: 939–950.

MacKenzie, B.R., L. Almesjö and S. Hansson. 2004. Fish, fishing and pollutant reduction in the Baltic Sea. Environmental Science and Technology 38:1970-1976

Didrikas, T., and Hansson, S. 2004. In situ target strength of the Baltic Sea Herring and Sprat. ICES Journal of Marine Science 61:378-382

Axenrot, T. and Hansson, S. 2004. Seasonal dynamics in pelagic fish abundance in a Baltic Sea coastal area. Estuarine, Coastal and Shelf Science 60:541-547

Gorokhova, E., Fagerberg T. and Hansson S. 2004. Predation by herring (Clupea harengus) and sprat (Sprattus sprattus) on Cercopagis pengoi in a western Baltic Sea bay. ICES Journal of Marine Science 61(6): 959-965
Axenrot, T., Didrikas, T., Danielsson, C. and Hansson, S.  2004. Diel patterns in pelagic fish behaviour and distribution – observations from a stationary, bottom mounted transducer. ICES Journal of Marine Science 61(7):1100-1104

Essington, T.E. and Hansson S. 2004. Predator-dependent functional responses and interaction strengths in a natural food web. Can J Fish Aquat Sci 61, 2215-2226.
Gorokhova, E. Hansson, S. Höglander, H. Andersen, C M. In press. Stable isotopes show food web changes after invasion by the predatory cladoceran Cercopagis pengoi in a Baltic Sea bay. Oecologia

Elena Gorokhova: Curriculum Vitae and Publication List

Address

Dept. of Systems Ecology, Stockholm University, Stockholm, Sweden, Phone: +46 8 164 256, Fax: +46 8 158 417, elenag@system.ecology.su.se; http://www.ecology.su.se/staff/personal.asp?id=33
Degrees

Ph.D. in Systems Ecology, June 4, 1999. 

Licentiate of Philosophy in Systems Ecology, 1997, Stockholm University (Sweden). 

M.Sc. in Aquatic Toxicology, 1988, Voronezh State University (Russia).

Employment

2002-present
Assistant Professor. Systems Ecology, Stockholm University, Sweden;

1999-2002
Project Leader. Systems Ecology, Stockholm University, Sweden;

1999-2001
Postdoctoral Research Associate, Sections Aquatic Ecology and Evolutionary and Conservation Genetics (joint appointment), Dept. of Biology, Arizona State University, USA;

1995-1999
PhD student, Systems Ecology, Stockholm University, Sweden;

1994-1995
Research Fellow. Fellowship awarded by CIMO (Ministry of Education of Finland) research scholarship. Lammi Biological Station, University of Helsinki, Finland;

1990-1994
Junior Researcher. Dept. of Biology and Ecology of Invertebrates, Voronezh , Russia;

1988-1990
Research Engineer. Dept of Invertebrate Zoology, Voronezh State University, Russia.

Other appointments

2003
Appointed by the National Board of Fisheries to represent Sweden in ‘ICES Study Group on Baltic Sea Productivity Issues’ (SG PROD);

2003
Appointed by Baltic Marine Biologists (BMB) as a convener of Zooplankton Study Section.

Research interests

Community and ecosystem studies, biological oceanography, plankton ecology, physiological ecology, nucleic acids as growth indicators, molecular genetics of rRNA, stable isotopes as tracers in aquatic ecology, moulting in crustaceans.

Students supervised

Stefan Svensson – MSc student, Stockholm University, started March 2005;

Marc Andersen – PhD student, Stockholm University, started June 2003;

Jurate Kubiliute – PhD student, Klaipeda University, started June 2004;

Towe Fagerberg – MSc, April 2003;

Anna Edlund – MSc, April 2002;

Johanna Alberg – MSc, September 1999.
Serve as evaluator and reviewer for

Scientific journals - Limnology and Oceanography, Boreal Environment Research, Canadian Journal of Fisheries and Aquatic Science, Ecological Modelling, Hydrobiologia, Archiv für Hydrobiologie, Marine Ecology Progress Series.

Proposals and programmes – EU Comission (FP6, INCO, Global Changes and Ecosystems), Sida, Russian Fond for Fundamental Research.
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Gorokhova E, Hansson S, Höglander H, Andersen CM (2005) Stable isotopes show food web changes after invasion by the predatory cladoceran Cercopagis pengoi in a Baltic Sea bay. Oecologia 143.

Gorokhova E (2005) Effects of preservation and storage of microcrustaceans in RNAlater on RNA and DNA degradation. Limnol. Oceanogr. Methods 3 (In press.)

Kay AD, Ashton IW, Gorokhova E, Kerkhoff AJ, Liess A, Litchman E (2005) Toward a stoichiometric framework for evolutionary biology. Oikos 109 1: 6-17
Gorokhova E, Fagerberg T, Hansson S  (2004) Predation by herring (Clupea harengus) and sprat (Sprattus sprattus) on Cercopagis pengoi in a western Baltic Sea bay. ICES J. Mar. Sci. 61(6): 959-965.

Johannson M, Gorokhova E, Larsson U (2004) Annual variability in ciliate community structure, potential prey and predators in the open northern Baltic Sea proper. J. Plankton Res.26(1): 67-80.

Gorokhova E (2003) Relationships between nucleic acid levels and egg production rates in Acartia bifilosa: implications for growth assessment of copepods in the northern Baltic proper. Mar. Ecol. Prog. Ser. 262: 163-172.
Gorokhova E, Dowling TE, Weider LJ, Crease TJ, Elser JJ (2002) Functional and ecological significance of rDNA IGS variation in a clonal organism under divergent selection for production rate. Proc. Royal Soc., Biol. Sci. 269(1507): 2373-2379.
Gorokhova E (2002) Moult cycle and its chronology in Mysis mixta and Neomysis integer (Crustacea, Mysidacea): implications for growth assessment. J. Exp. Mar. Biol. Ecol. 278(2): 179-194.

Gorokhova E, Kyle M (2002) Analysis of nucleic acids in Daphnia: development of methods and ontogenetic variations in RNA-DNA content. J. Plankton Res. 24(5): 511-522.

Hansson S, De Stasio BT, Gorokhova E, Mohammadian MA (2001) Ratio-dependent functional responses – tests with the zooplanktivore Mysis mixta. Mar. Ecol. Prog. Ser. 216: 181-189.

Gorokhova E, Aladin N, Dumont H (2000) Further range extensions of Cercopagis genus (Crustacea, Branchiopoda, Onychopoda) with notes on taxonomic composition and ecology. Hydrobiologia 429(1-3): 207-218.

Elser J, Sterner R, Gorokhova E, Fagan W, Markow T, Cotner J, Harrison J, Hobbie S, Odell G, Weider L (2000) Biological Stoichiometry from Genes to Ecosystems. Ecol. Lett. 3(6): 540-550.

Gorokhova E., Hansson S. (2000) Elemental composition of Mysis mixta (Crustacea, Mysidacea) and energy costs of reproduction and embryogenesis under laboratory conditions. J. Exp. Mar. Biol. Ecol. 246: 103-123.

Uitto A, Gorokhova E, Välipakka P (1999) Distribution of the newcomer cladoceran species of Cercopagis pengoi in the Finnish coastal waters of the Eastern Gulf of Finland. ICES J. Mar. Sci. 56(a): 49-57.
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Gorokhova E (1998) Exploring and modelling the growth dynamics of Mysis mixta. Ecol. Modelling 110: 45-54.
Gorokhova E, Hansson S (1997) Effects of experimental conditions on the feeding rate of Mysis mixta. Hydrobiologia 355: 167-172.
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