  2. Background/Literature review for research projects

   Harbor seals

Project 1:  The abundance and distribution of harbor seals

Trends in the abundance of Pacific harbor seals (Phoca vitulina richardsi) along much of the west coast of North America suggest that harbor seal numbers may be approaching, or may have reached current carrying capacity. Research suggesting that harbor seals populations have undergone density-dependent growth includes work from southern and central California (Stewart and Yochem 1994; Sydeman and Allen 1999), Oregon (Brown et al. 2005), coastal and inland Washington (Jeffries et al. 2003), and British Columbia (Olesiuk 1999).

Surveys of harbor seals have been conducted in Washington and Oregon by WDFW, ODFW, and NMML since the mid-1970s using a variety of aerial and ground survey techniques (Beach et al. 1985, Brown 1988, Harvey et al. 1990, Huber 1995; Jeffries et al. 2003; Brown et al. 2005).  Survey results have provided the necessary baseline population data required for estimating Potential Biological Removal (PBR) and Optimum Sustainable Population (OSP) levels under the MMPA (Jeffries et al. 2003; Brown et al. 2005). Continued survey effort will be required to understand normal fluctuations in a stable population for management of these species.  Under the management regime proposed by NMFS to govern the incidental take of marine mammals in commercial fisheries (NMFS 1992), regular monitoring of population numbers is necessary to determine if any changes in population status or health have occurred.  Collection of census data is also necessary for preparation of required stock assessment reports for this program.  Washington and Oregon harbor seal stocks are currently estimated to be within their Optimum Sustainable Population range and at or near carrying capacity (Jeffries et al. 2003; Brown et al. 2005).  Continued monitoring of harbor seal populations will provide necessary information on the status of these stocks as required for research and management actions under the MMPA.

Project 2:  Food habits and foraging ecology of harbor seals 

Harbor seals are primarily piscivorous and consume seasonally and locally abundant prey (Bigg 1981, NMFS 1997).  Food habit studies in Oregon and Washington have shown harbor seal diet includes mainly forage fishes (e.g. Pacific herring (Clupea pallasii) Pacific sand lance (Ammodytes hexapterus) and Northern anchovy (Engraulis mordax), eulachon (Thaleichthys pacificus), American shad (Alosa sapidissima, and Osmerid species), adult salmonids (seasonally), Gadid species, Cottidae species, and Pleuronectid species (Lance and Jeffries 2006, 2007, London et al. 2001, Beach et al. 1985, Brown et al. 1989, Brown et al. 1995, Browne et al. 2002, Orr et al. 2004).

With passage of the Marine Mammal Protection Act in 1972, increases in pinniped populations including harbor seals, have coincided with dramatic decreases in many marine and anadromous fish populations along the west coast of the United States and in recent years pinniped-fishery interactions have emerged.  A number of these fish populations have declined to a point where they have been listed, or are under consideration for listing, as endangered or threatened under the federal Endangered Species Act (ESA) of 1973 as amended. This has raised concerns about the potential negative impact of seals on threatened and endangered fish populations on recovery efforts (WDF et al. 1993, Bargmann 1998, NMFS 1997, NMFS 1999, Jeffries et al. 2003). Seasonal abundance of prey species undoubtedly plays a key role in the foraging ecology and diet of harbor seals. Determining harbor seal diet in locations where ESA salmonids may be impacted has important implications for fisheries biologists and has been a key question for researchers along the west coast.   

In the 1994 Amendments to the MMPA, Congress directed that a scientific investigation be conducted to determine whether California sea lions and Pacific harbor seals are 1) having a significant negative impact on the recovery of salmonid fishery stocks which have been listed as endangered or threatened species under the ESA, or 2) are having broader impacts on the coastal ecosystems of Washington, Oregon, and California.  As an outcome of this Congressional action and as directed in the resulting NMFS report to Congress (NMFS 1997), NMML, WDFW and ODFW are engaging in cooperative research efforts to examine the effects of increasing pinniped populations on depleted fish resources and on marine ecosystems.

In 1997, NMFS accepted The Oregon Plan for recovery of coastal salmonid stocks as an alternative to Federal listing of coho salmon over most of their range in Oregon.  Under the direction provided in this plan, ODFW is working cooperatively with NMFS to undertake scientific investigations to assess and evaluate the potential impacts of pinniped predation on the recovery of listed or otherwise depressed stocks of coho salmon and steelhead in Oregon.

Since 1984, ODFW has worked under a Cooperative Agreement with NMFS (Northwest Region and NMML) to conduct population studies of marine mammals in Oregon.  These efforts have been funded jointly by ODFW and NMFS, and have focused on documentation of abundance, population trends, food habits, and fishery interactions.  The primary purpose of these studies has been to monitor the status and health of marine mammal populations as required by the MMPA for resource management decisions.

WDFW and ODFW are also currently working on cooperative studies with NMFS to document marine mammal interactions with fisheries in regional waters.  These studies were mandated by the 1988 amendments to the MMPA, and will be continued under the recently proposed regime to govern the interactions between marine mammals and commercial fisheries (NMFS 1992).

Harbor seals are known to consume a wide range of prey sizes including adult salmonids returning to rivers to spawn, out-migrating salmon smolts and small schooling forage fishes (Calambokidis et al.1978, Calambokidis et al.1989, Olesiuk et al. 1990, Riemer et al. 1999, London et al. 2001, Browne et al. 2002, Orr et al. 2004, Lance and Jeffries 2006). Fish species such as Pacific herring, Pacific hake, and Pacific cod form the base of the marine food web, supporting higher trophic fish, seabirds, and marine mammals (Calambokidis et al. 1978, Calambokidis et al. 1989, Olesiuk et al. 1990, Suryan and Harvey 1998, Lance and Thompson 2005, Lance and Jeffries 2006, Lance and Jeffries 2007) and these species have all declined in recent years in Georgia Basin and Puget Sound and elsewhere (Gustafson et al. 2000, Brown and Gaydos 2005, Stick 2005).  

The collapse of fisheries throughout the Pacific Northwest has fueled the need to move away from a single-species management approach and beyond conventional methods of marine coastal management (Bargmann 1998).  Marine Protected Areas have been considered a tool to improve ecosystem health by providing fish refuge and restoring depleted fish stocks and may be valuable in enhancing fisheries, however; the effects of Marine Protected Areas on marine predators and how predators respond to the increased fish density in Marine Protected Areas have received little critical evaluation. In the San Juan Islands, a number of Marine Protected Areas were designated, at least in part, to preserve habitat for rockfish, lingcod and other bottomfish species because rockfish populations in many or all areas of Puget Sound including the San Juan Islands are in critical condition (PSAT 2007). Parts of the Oregon coast are currently being proposed for designation as a Marine Protected Area (Taylor 2004, OPAC 2008). 

Previous foraging ecology studies of harbor seals using time depth recorders and radio transmitters indicated animals typically forage within 10 kilometers of their haul out site and exhibit high site fidelity to both haul out sites and individual foraging locations (London et al. 2001, Olesiuk et al. 1990, Suryan and Harvey 1998).  The technology of instruments has improved significantly in recent years in both battery life and capabilities.  Recent tag deployments indicate harbor seals are traveling much further distances on average from the haul out site and changing their foraging location and behavior seasonally.  Twenty harbor seals were tagged with SPOT05 and SPLASH tags (Wildlife Computers) during April and May 2007 at three sites: one rocky site and one mudflat bay in northern Puget Sound, and one rocky site in SE British Columbia. Preliminary results indicate an average transmission length of 110 days. The mean for all 20 animals was 26.4 km (SD 26.3, range 4.8 - 82.1 km), however 6 seals from rocky sites traveled distances >125km (Hardee et al. 2008). Additionally, three seals made excursions to the outer coast (Hardee et al. 2008), an unexpected behavior, as the inland and coastal seals are genetically distinct stocks.  These recent data suggest that regional seal movements are highly variable and long-term monitoring is needed to accurately assess foraging “hot-spots”. Instruments have given us the opportunity to expand our knowledge of how these animals utilize the marine environment with greater resolution and on a larger scale.  They have provided data necessary to evaluate temporal and spatial variation over time in both the horizontal and vertical planes and the ability to monitor effectiveness of novel tools such as Marine Protected Areas. 

Project 3:  The ecology of contaminants, environmental toxins and infectious pathogens in harbor seals 

Numerous studies have been carried out on the harbor seal and a large body of scientific literature has described aspects of biology, physiology, ecology, immunology, virology and toxicology in this species. Logistically, the harbor seal is a relatively small marine mammal for which capture methods and sampling techniques (e.g. blood sampling, blubber biopsy, whisker and hair collection, culture swabs, urine and fecal samples) have been developed and successfully applied in research programs. The harbor seal serves as an informal sentinel of marine ecosystem contamination by integrating contaminant information from the food chain upon which it depends.

Persistent and fat-soluble environmental contaminants, including the PCBs, dioxins, furans, organochlorine pesticides and organotoxins accumulate in the aquatic food chain. This exposes fish-eating wildlife including many bird and marine mammal species to high concentrations of these chemicals in many parts of the industrialized world. Despite the implementation of regulations on the production and use of several of these chemicals, there has been little change in the concentrations of many of these chemicals in biota in Europe and North America since the mid-1980s. This likely reflects a combination of continued leakage from storage sites, cycling among environmental compartments, and long-range atmospheric transport of pollutants from distance sources, where they may still be in use (e.g. developing nations, Asia). In several instances, adverse biological effects have been observed in marine mammals inhabiting relatively contaminated industrial coastal and estuarine waters, including reproductive impairment, immunotoxicity, endocrine disruption, and developmental malformations (Ross et al. 1996, Ross et al. 2004, Cullon et al. 2005). Despite the strict protection of marine mammals since the 1960s in most parts of the world, many populations have failed to recover or have exhibited declines as a consequence of contaminant-associated outbreaks of disease and/or reproductive failure.

The study of high trophic level wildlife has provided researchers and managers with integrative information on environmental contamination. The DDT-associated thinning of eggshells and subsequent extirpation of many populations of fish-eating birds in the 1960s and 1970s represents the most cited example of the sentinel role fulfilled by high trophic level wildlife. Among the marine mammals, the harbor seal has emerged as the primary study species for contaminant science and contaminant bioeffects research (Ross et al. 2004, Cullon et al. 2005). Harbor seals widely distributed throughout the northern hemisphere, inhabiting areas that can be considered either remote or relatively uncontaminated (e.g. Alaska, Oregon), or heavily industrialized (e.g. Puget Sound, San Francisco Bay, the St Lawrence estuary). This species frequents nearshore marine, brackish and even freshwater environments along the coast, feeding in bays, estuaries, rivers and lakes. 

The increasing number of highly publicized mortality events in marine mammals has raised concerns about deteriorating ocean health and its implications for human health (Epstein 1998, Harvell et al. 1999). Such events include harmful algal blooms responsible for over 146 dead manatees (Trichechus manitus) off Florida in 1996 and 70 California sea lions off California in 1998 (Scholin et al. 2000, Bossart et al. 1998); and viral epizootics such as phocine distemper virus which killed over 18,000 seals in Europe in 1988 (Osterhaus and Vedder 1988).   In addition to dramatic events with high mortality, there are increasing numbers of reports of pathogens typically found in humans occurring in free ranging marine mammals.  The protozoan responsible for diarrhea in humans, Giardia lamblia, has been reported in seals in Washington and elsewhere (Gaydos et al. 2008, Olsen et al. 1997).  Infectious agents typically associated with domestic animals are also appearing in marine mammals. Toxoplasma gondii, which is classically believed to infect mammals exposed to domestic cat feces, has been documented as a cause of mortality in wild dolphins (Tursiops tursiops), harbor seals, manatees, and sea otters (Enhydra lutris) (Lambourn et al. 2001b, Van Pelt et al. 1973, Buergelt and Bonde 1983, Inskeep et al. 1990).  Sarcocystis neurona and Neospora spp. has also be identified as a cause of mortality of marine mammals of Washington state (Lambourn et al. 2005).  Leptospirosis, a bacterial disease of both domestic dairy cattle and terrestrial wildlife, is common in California sea lions, and was first reported from harbor seals in 1997 (Stamper et al. 1998, Lambourn et al. 2001a).    MACROBUTTON HtmlResAnchor Brucella
 spp. distinctly different from known Brucella sp. of terrestrial mammals, it appears to be endemic in harbor seals (Phoca vitulina) from Puget Sound, Washington (Garner et al. 1997, Lambourn et al. 2001a). This seal population is near carrying capacity and lives in close proximity to a large human population (Jeffries et al. 2003). There have been no documented cases of human brucellosis in the region but three cases of community acquired brucellosis and one case of laboratory acquired brucellosis caused by a marine mammal Brucella sp. elsewhere demonstrate its zoonotic potential (Brew et al. 1999, Sohn et al. 2003, McDonald et al. 2006).  Bacteria such as Salmonella spp. have been reported in pinnipeds in Washington and off the California coast (Raverty et al. 2007, Thornton et al. 1998, WDFW unpub. data). Many of these bacteria demonstrate multiple antibiotic resistances; suggesting that they are not naïve marine organisms unexposed to antimicrobials, further raising concerns about their origin in human sewage (Johnson et al. 1998, WDFW unpub. data).  Endoparasites, such as lungworms (Otostrongylus spp. and Parafliroides spp., are prevalent in harbor seals in Washington state and have been linked with Brucella phoca infections and are associated with significant juvenile mortality (Garner et al. 1997, WDFW unpub. data).

Domoic acid is a harmful algal bloom product, which has been associated with mortality in California sea lions since 1998 (Scholin et al. 2000, Gulland 2000).  Shellfish closures due to harmful algal blooms have been increasing in Washington State including in the Strait of Juan de Fuca and Puget Sound.  In 2005, an increase in premature births and pup mortalities in the Strait of Juan de Fuca occurred during the same time as increased domoic acid levels were detected from the northwest side of Whidbey Island to Port Townsend (Trainer et al. 2007).  Testing did not reveal an increase of domoic acid levels in selected dead pups collected off of Smith and Minor Islands, but a few pups did have lesions in the brain consistent with domoic acid toxicity (WDFW and Cascadia Research unpub. data).

NOAA Fisheries is mandated by federal regulations to monitor the health and status of pinniped populations.  There were studies on diseases of marine mammals 25 years ago, but with the passage of time more diseases have been identified. In an historical context, it is difficult to assess whether there has been an increase in the incidence of diseases in pinnipeds or whether the increase in identified diseases is a reflection of our heightened ability to identify diseases.  The increase in mortality events in marine mammals in the last decade in oceans around the world highlights the interplay between disease and environment and the role that these factors play in the population dynamics of marine mammals.  Thus, there is a need for thorough documentation of diseases of marine mammals, analysis of spatial and temporal trends in diseases, infection patterns of diseases by age and sex of the host, and the connections between population trends, foraging areas, infection rates, and contaminants in the marine environment.

Project 4: harbor seal life history parameters
Life history theory predicts that parameters such as survival, recruitment, and female reproductive success differ between an increasing population and a stable population (Stearns 1977, Caswell 1982).  Changes in life history parameters affect the long-term management of pinnipeds, an essential goal of the MMPA.  Gertrude Island in south Puget Sound was chosen as the site of our harbor seal life history study because the haulout area is readily accessible, easy to observe and it is the largest haulout out in Washington that has both those qualities   Harbor seals at Gertrude Island have been well studied since the mid 1970s and seals have been tagged there since 1983.  Because of unequal resighting effort, tag loss, and the difficulty of reading worn tags, it was not possible to determine life history parameters from a tagging study alone. Branding was chosen as the most reliable permanent mark for pinnipeds (Merrick et al. 1996). For this reason, a branding study was begun at Gertrude Island in 1993.  Resighting effort was standardized and concentrated during the breeding season.   This is the first branding study of west coast harbor seals used to determine life history parameters.  Other studies of west coast harbor seal life history parameters are based on collections of specimens in Canada and southeast Alaska (Bigg 1969, Pitcher and Calkins 1979). These populations were decreasing (Alaska) and increasing (Canada).  The annual rate of increase in the number of harbor seals in Washington has declined significantly since surveys began in the 1970s, indicating that the population is now reaching stability (Jeffries et al. 2003).  

Project 5: Population substructure in harbor seals in Washington and Oregon

 SEQ CHAPTER \h \r 1Harbor seals in Washington and Oregon have been investigated in the past using differences in cranial morphology (Temte 1993), differences in pupping phenology (Bigg 1973, Jeffries and Johnson 1990, Temte 1991), movements of radio tagged seals (Huber et al. 2004) and genetics (Bickham and Patton 1994, LaMont et al.1996).  All four of these methods agree in defining at least two stocks of harbor seals in Washington and Oregon: one stock on the outer coast of Washington and Oregon which pups during May and June and the other stock in the inland waters of Washington which pups late June to October.  The two previous genetics studies have used mtDNA analysis that included samples from harbor seals in California, Oregon, and coastal and inland waters of Washington.  Bickham and Patton (1994), with a sample size of 45 found 32 haplotypes, 26 of them unique. They found 2 common haplotypes along the Washington and Oregon coasts and 3 common haplotypes among 4 areas in the inland waters but no overlap in haplotypes between the Washington and Oregon coasts coast and Washington inland waters.  LaMont et al. (1996), with a larger sample size of 86, found 47 haplotypes, 33 of them unique.  They found 3 haplotypes common to the Washington and Oregon coasts and 2 haplotypes that were present in both the coastal sites and Washington inland waters. Our present study, unlike previous studies, uses only samples collected during the pupping season from unweaned pups to avoid confusing annual movements of other age classes with population substructure.  Investigation of the population substructure of harbor seals in Washington state was initiated to determine how viable were the management stock boundaries between the outer coast and the inland waters and how much variation there was among harbor seals within the inland waters.

California sea lions
Project 6: Abundance, distribution and health of California sea lions in Washington and Oregon

The California sea lion (Zalophus californianus) is distributed in coastal North Pacific waters from central Mexico to Vancouver Island, Canada, with breeding areas primarily restricted to island rookeries off of southern California, Baja California, and in the Gulf of California (Odell 1981).  For management purposes, Carretta et al. (2007) divides the population into three stocks:  the U.S. stock, the western Baja California stock, and the Gulf of California stock.  All stocks were severely reduced due to commercial harvest and hunting during the 19th and early 20th centuries (Cass 1985, Zavala-Gonzalez and Mellink 2000) but they have since increased or recovered (Zavala-Gonzalez and Mellink 2000, Carretta et al. 2007) due to protections such as the 1972 Marine Mammal Protection Act (MMPA; 16 United States Code §1361 et seq.).  The U.S. stock is now estimated to number 238,000 animals and to be at or near carrying capacity (Carretta et al. 2007).

California sea lions are sexually dimorphic and have a polygynous mating system (Odell 1981).  California sea lions have also evolved sex-specific patterns of annual migration, resulting in pronounced, though incomplete, allopatry during the nonbreeding season (Peterson and Bartholomew 1967, Odell 1981).  Males (subadults and adults) from the U.S. stock generally undergo a northward post-breeding migration moving as far north as Alaska; females and immatures generally stay near the rookeries or disperse along the California coast (Odell 1981; but see Maniscalco et al. 2004).  As the migratory male population moves north, it becomes smaller as individuals drop out to overwinter at particular haul-out areas (Fry 1937, Mate 1973, Mate 1975).  Continued monitoring of the California sea lion population numbers and screening for disease pathogens will provide necessary information on the status of this stock as required for research and management actions under the MMPA.

Project 7: California sea lion food habits and predation of threatened, endangered, and/or depleted fish stocks in Washington and Oregon

As the California sea lion population has recovered, concentrations of wintering males have been involved in a growing number of resource conflicts (NMFS 1997).  The first such notable conflict occurred in the 1980s and 1990s at the Ballard Locks, Washington, where California sea lion predation led to the functional extinction of Lake Washington winter steelhead (Oncorhynchus mykiss) (Jeffries and Scordino 1997, Fraker and Mate 1999).  This situation led to amendments to the MMPA in 1994 which included a provision for the intentional lethal take of individual sea lions which are found to have a significant negative impact on threatened and endangered salmonid populations (Section 120, 16 USC Sec. 1389).  This provision has only been authorized twice: in 1995 in the original Ballard Locks case, and in 2008, for the lethal removal of California sea lions predating on threatened and endangered Columbia River salmonid stocks at the base of Bonneville Dam (NMFS 2008).

Partially in response to the increase in salmonid predation by wintering California sea lions, two capture and branding programs were initiated to conduct longitudinal studies of individual sea lion foraging behavior.  The first program began in 1989 in Puget Sound, Washington, and the second in 1997 in the Columbia River, Oregon.  As of spring 2008, over 1000 and 700 California sea lions had been permanently and uniquely marked at the WA and OR sites, respectively.  Capture operations have also provided opportunities for tracking movements of wintering and migratory animals (Gearin et al. in prep, Wright et al. in prep.), estimating haul-out abundance and residence times (Wright et al. in prep.), and documenting foraging rates on threatened and endangered salmonids (Stansell 2004, Tackley et al. 2008).  

The objective of the work proposed under this permit is to continue building upon our growing understanding of the behavioral ecology of wintering male California sea lions in the Pacific Northwest.  This understanding will help to effectively guide the future management of this species which is a topic of broad interest throughout the west coast of North America given the rise in conflicts between increasing or recovered pinniped populations and declining fish stocks and their associated fisheries.  The ability to capture, permanently mark and identify individual sea lions is a prerequisite to studying individual foraging behavior.   The presence of marked animals will also improve evaluations of the effectiveness of non-lethal hazing methods at places like Bonneville Dam.  Additional activities such as tagging and tracking sea lions, collecting scat to study food habits, and monitoring their distribution, abundance, and health will all further conservation and management of this species in the Pacific Northwest.

California sea lions prey on endangered and threatened salmonids and other fish species throughout the Pacific Northwest but few non-lethal deterrence techniques have been developed which demonstrate any long term effects.  Acoustic harassment or deterrent devices (AHD’s) have been used with some success to displace sea lions from the Ballard Locks but these devices are costly and emit high decibel sounds which could displace other marine wildlife. Killer whales are natural predators of harbor seals and California sea lions. Recent experimental playbacks of killer whale vocalizations in British Columbia showed an effect on harbor seal behavior between the dialects of resident versus transient killer whales (Deecke et al. 2002). Killer whale vocalizations have not yet been tested in the Pacific Northwest as a deterrence method to displace sea lions.  
Northern elephant seals

Project 8: Abundance and distribution of northern elephant seals

The northern elephant seal population increased from as few as 100 individuals at the beginning of the 20th century to an estimated 125,000 at present (Stewart et al. 1994).  This population increase was accompanied by a progressively northward reestablishment of pupping and haulout areas (Radford et al. 1965, LeBoeuf et al. 1974, LeBoeuf and Mate 1978, Stewart et al. 1994, Hodder et al. 1998).  Low numbers of elephant seals are found each year hauled out in Washington and Oregon (i.e., Cape Arago, Dungeness Spit, Destruction Island, Protection Island and Columbia River mouth).  Continued monitoring of the northern elephant seal population will provide necessary information on the status of this stock as required for research and management actions under the MMPA.
