Study Plan:  Effects of Diseases on Populations of Marine Fishes

Introduction:  
In understanding the components of morbidity and mortality to populations of wild animals, infectious and parasitic diseases represent important (Laferty and Gerber 2002), yet largely understudied factors; likely because their effects often go unnoticed (Scott 1988).   Even in the modern age of efficacious antimicrobial drugs and multivalent vaccines, approximately 1/3 of all human deaths that occurred in 1996 (17 / 52 million) were the result of infectious and parasitic diseases. In terrestrial animals recent disease-associated extinctions were reported among wild dogs in regions of Kenya (Kat et al. 1996) and the black-footed ferret in North America (Thorne and Williams 1988). The importance of diseases in affecting populations of terrestrial animals was recently reinforced by demonstration that predictable cycles in red grouse populations result from a single trophic interaction between a parasite and its host (Hudson et al. 1999).  However, in populations of wild marine fishes, our current understanding of disease effects is limited to periodic case studies describing episodic fish kills (eg. Ward et al. 2001, Traxler et al. 1999, and Rahimian and Thulin 1996).  Virulence of pathogens to marine fishes is especially difficult to determine because wild fish generally represent survivors of previous exposures.  Therefore, failure to initiate infection after exposure of captured, marine fish to endemic pathogens can be interpreted as either: 1) The fish are not susceptible to the pathogen, or 2) The fish were previously exposed to the pathogen, survived the disease process, and now contains acquired resistance to the pathogen.  One approach to determining the virulence of endemic pathogens is to rear local fishes in the laboratory under pathogen-free conditions and conduct disease challenge studies on these specific pathogen-free cohorts.

In Puget Sound abundances and age structures of Pacific herring populations have changed dramatically in recent years.  Biomass of herring at Cherry Point, historically the largest of the 18 herring populations in Puget Sound, has decreased from nearly 15,000 mt in the early 1970's to 1,126 mt in 2001.  Additionally, the mean estimated annual mortality for Pacific herring in Puget Sound (exclusive of commercial fishing) has increased from 20-40% in the late 1970’s and early 1980’s to 64-87% during 1996-1999.  Throughout this period the median age of iteroparous herring has decreased from 5+ yr cohorts to 2 yr (newly recruited) cohorts that fail to return the following year. We hypothesize that these population trends are the result of parasitic disease-related mortality, particularly among under-represented, older cohorts. Ichthyophonus hoferi, a protistan parasite historically associated with episodic mortalities to populations of Atlantic herring (Rahimian and Thulin 1996 and Sindermann 1990) is currently ubiquitous among many herring populations on the west coast of North America (Hershberger et al 2002 and Jones and Dawe 2002).  In Puget Sound prevalence of I. hoferi increases directly with herring age from 12% among 0yr cohorts to 58% among the under-represented, 6+ yr cohorts (Hershberger et al 2002).  Further, I. hoferi is highly pathogenic to immunologically naïve Pacific herring, causing 80% mortality 2 mo. after injection challenge (Kocan et al 1999). Considering that infections of I. hoferi among less than 10% of plaice captured near Scotland were estimated to result in annual mortalities of over 50% (McVicar 1990), we submit that the infection levels detected among herring in Puget Sound can conservatively account for their recent high natural mortality rates.  

In addition to Ichthyophonus, two viral pathogens, viral hemorrhagic septicemia virus (VHSV) and erythrocytic necorsis viruses (ENV), are currently ubiquitous in Puget Sound herring populations.  Both pathogens are highly virulent to Pacific herring and have been associated with documented massive herring mortalities in recent years (Meyers et al 1986, Meyers et al. 1999, Traxler et al. 1999).  It is possible that lack of early life stage exposure to these highly virulent pathogens results in immunologically naïve populations of adult herring that are susceptible to massive, disease-related epidemics.

Additionally, we hypothesize that these zoographic population trends of altered age structures result in the high levels of developmental anomalies that currently exist among large percentages of larvae at Cherry Point.  Among larvae from Pacific herring populations in Washington State, those from Cherry Point consistently demonstrate anomalies indicative of distress, including low weights and lengths at hatch, increased prevalences of skeletal abnormalities, and shorter survival times in food-deprivation studies.  Biomass of adult, pre-spawn herring at Cherry Point declined from 13,606 mt in 1973 to a record low 733 mt in 2000, but correlation of these larval anomalies with adult recruitment was weak, indicating that the larval anomalies did not directly cause the population decline.  Larval anomalies originated primarily from factors independent of conditions at the spawning location because they were not reproduced by incubation of foreign zygotes along the Cherry Point shoreline, but they were reproduced after development of indigenous zygotes in controlled laboratory conditions.  Precise cause(s) of the anomalies remain undetermined; however, among Pacific herring older, larger spawning females tend to produce larger eggs and subsequently larger larvae than do younger, smaller adults (Hay 1985).  It is possible that Cherry Point herring are not completely mature at age 2, unlike herring from other Washington herring populations.  This incomplete maturation may result in production of larvae demonstrating elevated levels of anomalies and lower survival potentials.

These studies are designed to address three primary objectives: 
1) To rear specific pathogen-free Pacific herring under controlled laboratory conditions as a source of immunologically naïve subjects for later disease challenge studies.
2) To determine the effects of endemicpathogens to wild Pacific herring.

These studies will ultimately provide a better understanding of basic ecological processes affecting biomass and health of wild fish populations in Puget Sound.  Although immediate users of these study results would be fishery managers at the Washington Department of Fish and Wildlife, the proposed studies have far-greater ecological implications. If it is demonstrated that infectious / parasitic diseases are directly responsible for the documented elevated mortalities and decreased median age of Pacific herring in Puget Sound, then we will need to re-evaluate our understanding of factors that limit populations of marine fishes to include endemic pathogens as primary controlling forces. Additionally, population abundance models may have to be reconstructed to acknowledge endemic disease as a primary factor contributing to natural mortality in wild, marine and estuarine fish populations.

Methodology:
For rearing to specific pathogen-free fish, herring eggs will be provided by forage fish biologists from the LaConner office of Washington Department of Fish and Wildlife.  Adult Puget Sound rockfish will be collected by hook and line, transported to the Marrowstone Marine Station, and maintained in laboratory tanks until live-borne larvae are produced.  A maximum of 3 partial egg masses ling cod, 200 Puget Sound rockfish and 200 adult Puget Sound rockfish, 5 brown rockfish, 5 copper rockfish, and 60 quillback rockfish will be collected from Puget Sound and the San Juan Island region. Once in the laboratory, all embryos and larvae will be reared under contained, pathogen-free conditions.  No laboratory-housed or reared fish will be released.

To study the natural disease processes that wild forage fish undergo, we will capture wild, herring, sandlances, and anchovies by dip net from Puget Sound / Straight of Juan de Fuca and transport them to laboratory tanks at the Marrowstone Marine Station.  A maximum of 2,000 herring will be collected from bait balls in the Straight of Juan de Fuca / Puget Sound.

To determine whether the infection / disease dynamics of Ichthyophonus hoferi, a highly pathogenic protozoan parasite, increase in adult herring during the spawning period, we will compare the prevalence and intensity of infections during this critical period of the life history.  From Port Gamble Bay, Kilisut Harbor, and Cherry Point, prespawn herring will be obtained from WDFW trawl / acoustic surveys and purse seine; actively spawning / post-spawning herring will be collected by gill net.  Prevalence and intensity of Ichthyophonus infections will be determined by primary tissue explants and histological sections, respectively.  

All captured fish from all these studies will be euthanized after studies are completed and discarded in a landfill. 

Justification:
Immediate users of these study results will be fishery managers at the Washington Department of Fish and Wildlife; however, the proposed studies have far-greater ecological implications. If it is demonstrated that infectious / parasitic diseases are directly responsible for the documented elevated mortalities and decreased median age of Pacific herring in Puget Sound, then we will need to re-evaluate our understanding of factors that limit populations of marine fishes to include endemic pathogens as primary controlling forces. Additionally, population abundance models may have to be reconstructed to acknowledge endemic disease as a primary factor contributing to natural mortality in wild, estuarine fish populations.

The principal investigators are frequent presenters at scientific symposia and workshops, where results from these studies will be presented.  Additionally, we routinely publish our findings in the peer-reviewed scientific literature.

Applicants Qualifications:
Dr. Paul Hershberger is the Station Leader and Research Fisheries Biologist at the USGS-Marrowstone Marine Field Station and an Affiliate Assistant Professor at the School of Aquatic and Fishery Sciences, University of Washington.  He has been conducting research with Pacific herring and fish diseases for the past fifteen years.  He has an extensive background in fish capture, handling, and transport techniques and has taught several fish health courses at the University of Washington (School of Aquatic and Fishery Sciences and Friday Harbor Laboratories).  A curriculum vitae is attached.

Appropriate Facilities:
The Marrowstone Marine Station contains three large wet laboratory buildings (9,500 square feet) that are specially designed to house marine fishes and handle endemic pathogens under Biosafety Level – 1 conditions.  Sand filtered, uv-treated inflow seawater to the facility is of exceptional quality.  Effluent water from the facility is treated with hypochlorite to ensure safe and responsible handling of endemic fish pathogens.  Additionally, are currently certified as an accredited facility by the Institutional Animal Care and Use Committee at the University of Washington.  

Supervisory and Technical Personnel:

	Paul K. Hershberger, Ph.D
Station Leader, Res. Fish. Biol.
USGS-BRD
Marrowstone Marine Field Station
616 Marrowstone Pt Rd
Nordland, WA 98358
Ph. (360) 385-1007, Ext. 225
FAX: (360) 385-7207
phershberger@usgs.gov
	Jacob Gregg, M.S.
Fisheries Biologist
MMS
Ext. 223
	Courtney Grady, B.S.
Biol. Lab. Tech.
MMS
Ext. 227
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