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a. Abstract 
As part of the 1994 Columbia Basin Fish and Wildlife Program, Bonneville Power Administration and other agencies have been charged with monitoring and assessing bird predation on juvenile salmonids in lower Columbia and Snake river reservoirs (5.7B.20) and in the Columbia River estuary (5.7B.21), and identifying non-lethal methods for control of piscivorous waterbird populations posing a problem to salmon survival (5.7B.22). This research (BPA-199702400) was initiated in FY97 to address the issue of avian predation on juvenile salmonids in the lower Columbia River. Work in FY97 and FY98 focused on assessing the magnitude of avian predation and testing the feasibility of various non-lethal management alternatives to reduce predation by birds. In FY99 – FY 02, we assisted resource managers in the development and implementation of management initiatives to reduce avian predation on juvenile salmonids in the Columbia River estuary (i.e., relocation of the Rice Island Caspian tern colony to East Sand Island), and continued to monitor unmanaged bird populations posing the greatest risk to survival of juvenile salmonids. In FY03- FY05, we will evaluate the efficacy of potential new management initiatives (i.e., attacting a portion of terns nesting on East Sand Island to restored colony sites outside the estuary), and monitor the responses by targeted populations of piscivorous waterbirds and changes in their diets. We will use a bioenergetics modeling approach to quantify the numbers of juvenile salmonids consumed by managed and unmanaged colonies of fish-eating waterbirds in the lower Columbia River. We will also assess those conditions and locales where avian predation on smolts continues to be most prevalent, and test the feasibility of potential new management techniques. In addition, we will evaluate the factors that influence the vulnerability of various salmonid species and stocks to avian predation in the lower Columbia River and estuary. Finally, we will continue to monitor population size and diet composition of unmanaged piscivorous waterbird populations in the lower Columbia River that could potentially contribute to significant smolt mortality, now or in the future. 
b. Technical and/or scientific background
Regional plans for Snake River salmon recovery have recommended that avian predation be thoroughly investigated (NPPC 1994, NMFS 1995, CRITFC 1995). Available data suggest that predation is a major source of mortality for juvenile salmonids migrating through the mainstem Columbia and Snake rivers (Ruggerone 1986; Rieman et al. 1991; Bevan et al. 1994; Schreck et al. 1996, 1997; Roby et al. 1998; Collis et al. 1999, 2001a, 2002; Roby et al. 2002). Anthropogenic perturbations to the Columbia River System have exacerbated predation-related mortality (Rieman et al. 1991; Li et al. 1987), and contributed to increases in populations of some predators (Beamesderfer and Rieman 1991; Gill and Mewaldt 1983; Roby et al. 1998). New islands created by dredging and impounding the Columbia River have provided safe nest sites and attracted gulls and other colonial waterbirds to breed. Hatchery production, structures that affect smolt out-migration (e.g., hydroelectric dams, pile dikes), and releases of barged fish all provide excellent feeding opportunities for piscivorous waterbirds, possibly contributing to recent increases in waterbird populations. The breeding season of these piscivorous birds coincides with the period of out-migration of salmon smolts, potentially resulting in intense predation pressure in the vicinity of larger bird colonies. Radio telemetry studies on out-migrating juvenile salmonids, conducted by Carl Schreck and associates, indicated that avian predation was a major source of smolt mortality in the Columbia River estuary (Schreck et al. 1996, 1997).

The U. S. Geological Survey-Oregon Cooperative Fish and Wildlife Research Unit at Oregon State University and the Columbia River Inter-Tribal Fish Commission initiated a BPA-funded study (Contract 97BI33475) in 1997 to assess the impacts of piscivorous waterbirds on the survival of juvenile salmonids in the lower Columbia River. These investigations indicated that Caspian terns nesting on Rice Island, a dredged material disposal island in the Columbia River estuary, are the most significant avian predator of juvenile salmonids on the lower Columbia River (Roby et al. 1998; Collis et al. 1999; Collis et al. 2002).  Rice Island supported an expanding population of about 16,000 nesting Caspian terns until 2000 (Roby et al. 1998; Collis et al. 1999; Roby et al. 2002). This was the largest Caspian tern breeding colony in the world, and supported about 67% of all the Caspian terns nesting along the Pacific Coast of North America (Cuthbert and Wires 1999). Diet analysis indicated that Caspian terns nesting on Rice Island consumed more juvenile salmonids than any other prey type (73% of prey items in 1997-1998; Collis et al. 2002). Using bioenergetics modeling, we estimated that in 1998 Caspian terns nesting on Rice Island consumed about 11.2 million juvenile salmonids (95% c.i. = 8.5 – 14.1 million), or approximately 11.8% (95% c.i. = 8.3% - 15.3%) of the estimated 96.6 million out-migrating smolts that reached the estuary during the 1998 migration year (CBR 2002; Roby et al., in review). Analysis of over 36,000 smolt PIT tags recovered from the Caspian tern breeding colony on Rice Island revealed that steelhead smolts were more vulnerable to tern predation than other species of salmonids. More than 13.3% of all PIT-tagged steelhead smolts that reached the estuary were consumed by terns nesting on Rice Island in 1998 (Collis et al 2001a). Hatchery-raised yearling chinook salmon smolts were more vulnerable to tern predation than their wild counterparts. ESA-listed and unlisted salmonid smolts were consumed in proportion to their availability (Collis et al. 2001a).  

Of the other piscivorous waterbirds investigated in 1997-1998, double-crested cormorants (Phalacrocorax auritus) nesting on or near Rice Island consumed the next highest percentage of salmonids (45.7% of identified diet mass), followed by double-crested cormorants nesting on East Sand Island (15.9% of identified diet mass; Collis et al. 2002).  In 1998, total consumption of juvenile salmonids by double-crested cormorants nesting in the Columbia River estuary was estimated at 6.9 million (95% c.i. = 5.5 – 8.2 million; Lyons et al. unpubl. data).  The cormorant colony on East Sand Island in the estuary numbers ca. 7,000 breeding pairs and is the largest of its kind along the Pacific coast of North America. In 1989 the East Sand Island cormorant colony consisted of less than 90 breeding pairs; the rapid increase in colony size was a consequence of large numbers of cormorants immigrating to East Sand Island from outside the estuary. The large, expanding breeding colony, combined with the high food requirements of double-crested cormorants compared to other piscivorous waterbirds, indicate that the magnitude of predation on juvenile salmonids by cormorants in the Columbia River estuary is sufficient to warrant monitoring by salmon managers.

At sites on the lower and mid-Columbia River, feeding aggregations of piscivorous waterbirds (i.e., gulls, cormorants, and terns) have been observed near dams (Steuber et al. 1993; Jones et al. 1996), at hatcheries (Schaeffer 1991, 1992), and near barge release points (K. Collis, pers. obs.). Ruggerone (1986) estimated that gulls foraging in the tailrace below the powerhouse ate 2% of the juvenile salmonids passing Wanapum Dam on the mid-Columbia River during the spring. Avian predation on radio-tagged chinook smolts has been documented in the tailraces below The Dalles and John Day dams, with 11.3 % and 5.7% of radio-tagged yearling and sub-yearling chinook salmon falling prey to gulls below The Dalles Dam, respectively (J. Snelling and C. Schreck, Oregon State University, pers. comm.). Increasing numbers of cormorants and terns have been observed foraging near dams on the mid-Columbia River in recent years (S. Bickford, pers. comm.), congruent with dramatic increases in the size of waterbird colonies on the lower Columbia River (Collis et al. 2002). Recent research on the diet composition of birds nesting at these up-river colonies has indicated that Caspian terns nesting on two small colonies (i.e., Three Mile Canyon Island and Crescent Island) are heavily reliant on juvenile salmonids as a food source (ca. 70-85%; Collis et al. 2002; CBR 2002; Antolos et al. unpubl. data). The diet of California gulls (Larus californicus) and ring-billed gulls (L. delawarensis) nesting in colonies above The Dalles Dam included few fish and very few juvenile salmonids. The sole exception was a small colony of California gulls near The Dalles Dam, where salmonids accounted for 15% of the diet by mass (Collis et al. 2002). Gulls from other up-river colonies may occasionally prey on juvenile salmonids when available in shallow pools or near dams, but recent data suggest that at the level of the colony, juvenile salmonids were a minor component of the diet (Collis et al. 2002). Current efforts to control avian predation on smolts at the lower Columbia River dams (Jones et al. 1996) and salmon hatcheries (Schaeffer 1991, 1992) have apparently been effective in reducing gull predation as a source of mortality to juvenile salmonids from levels that have previously been reported (Ruggerone 1986). Continued monitoring of these up-river bird colonies is warranted to assess their impacts to juvenile salmonids now and in the future.

c. Rationale and significance to Regional Programs
Caspian terns nesting on East Sand Island continue to consume about 6 million juvenile salmonids in the Columbia River estuary annually, despite the reduction in smolt consumption associated with relocation of the tern colony from Rice Island to East Sand Island (Roby et al. 2002, CBR 2002). Based on smolt PIT tags recovered from the East Sand Island tern colony in 2000 and 2001 (Ryan et al. 2001a, 2001b), some ESA-listed salmonid stocks from the Columbia River basin continue to suffer significant losses to tern predation. Approximately two-thirds of Caspian terns in the Pacific coast population of North America are now nesting at East Sand Island, the sole Caspian tern colony site on the coast of the Pacific Northwest (Cuthbert and Wires 1999, Wires and Cuthbert 2000). Risks to both the tern population and Columbia Basin salmonids may be reduced if a portion of the Caspian tern colony in the Columbia River estuary was relocated to a number of smaller tern colonies outside the Columbia River. The use of barges as temporary colony sites for Caspian terns can help assess the diet and productivity of terns at prospective colony restoration sites (CBR 2002; Collis et al. in review). Food habits studies of terns using barges are especially crucial because these data could be used in models to estimate consumption, information needed to assess the potential impacts of a larger, permanent tern colony on the survival of local forage fish species of special concern, especially juvenile salmonids. The use of barges as temporary colony sites can be part of a comprehensive effort to evaluate the suitability of alternative sites for restoration of tern colonies along the coast of the Pacific Northwest and elsewhere.

Diets of double-crested cormorants in the Columbia River estuary, especially those nesting on Rice Island or nearby channel markers, include a significant proportion of juvenile salmonids (Collis et al. 2002). The cormorant colonies in the estuary are also large and grew rapidly in the 1990’s (Collis et al. 2002). Cormorants are large birds, with concomitant high food requirements. Finally, shifts in the nesting distribution of Caspian terns in the estuary may affect diet composition and smolt consumption rates of cormorants through compensation, contributing further to smolt losses to double-crested cormorants in the estuary. These factors taken together suggest that the magnitude of predation by double-crested cormorants on juvenile salmonids in the Columbia River estuary may be sufficient to warrant management, now or in the future. An understanding of the dynamics of double-crested cormorant predation on juvenile salmonids will help resource managers develop and implement effective management initiatives to reduce predation, if warranted. 

Previous estimates of population trends and diet composition at some colonies of piscivorous waterbirds in the lower Columbia River (above Bonneville Dam) suggest that predation on juvenile salmonids may be increasing and could potentially reach levels that are of concern to fisheries managers (Roby et al. 1998; Collis et al. 1999; CBR 2002: Collis et al. 2002). For example, the proportion of juvenile salmonids in the diets of Caspian terns nesting at colonies on Three Mile Canyon Island and Crescent Island have rivaled that of the former colony of Caspian terns on Rice Island (CBR 2002; Collis et al. 2002). Increasing numbers of cormorants and white pelicans have been observed on the Columbia River in recent years (S. Bickford, pers. comm.), particularly near dams. Bird wires installed to protect juvenile salmonids from plunge-diving avian predators (i.e., gulls and terns) are less effective in preventing predation by birds that forage from the surface (i.e., cormorants and pelicans). On-average, proportions of juvenile salmonids in diets of piscivorous waterbirds nesting at most up-river colonies (i.e., gulls, pelicans) are low (Collis et al. 2002, Ryan et al. 2001). Some individual predators may, however, have specialized in foraging on juvenile salmonids at particular sites where smolts are vulnerable, such as at dam tailraces and hatchery outflows. Studies are needed to determine the extent and dynamics of total losses of juvenile salmonids to avian predators on the lower Columbia River above Bonneville Dam. These bird populations may pose an increasing threat to salmon survival in the future because (1) the geographic range, abundance, and size of their colonies have been increasing throughout Washington and Oregon in recent years, and (2) current and future management of piscivorous waterbirds in the Columbia River estuary, and western Washington in general, may result in large numbers of these birds relocating to colonies further up-river.

Answers to these questions have profound short- and long-term implications for the management of salmon and birds. Current management actions have focused on relocating the Caspian tern colony at Rice Island in the upper estuary to East Sand Island, near the mouth of the Columbia River. This shift in nesting distribution has reduced consumption of juvenile salmonids by about 6 million smolts annually (CBR 2002). Future management actions may seek to shift some of the Caspian terns nesting in the estuary to newly restored and existing colony sites along the Pacific Coast and inland as a way to reduce their impacts on Columbia Basin salmonids. Some of these birds may relocate to colonies in inland Washington and Oregon, including sites along the lower Columbia River.  This study will help determine to what extent bird predation is a problem on the lower Columbia River, which colonies pose the greatest risk to salmon survival, and how management in the estuary affects the distribution of breeding piscivorous waterbirds further up-river. These data will be important in assuring that smolt survival gains associated with bird management in the estuary are not offset by increased bird predation on juvenile salmonids at up-river locations.  Perhaps more importantly, data collected as part of this study will help guide managers in developing management initiatives on the lower Columbia River and estuary that are science-based, defensible, cost-effective, and have a high probability of success.  

d. Relationships to other projects 
The development and implementation of a Columbia River Avian Predation Management Plan is a cooperative effort with input from many agencies and stakeholder groups. Specifically, an Interagency Caspian Tern Working Group was formed in May 1998 to make management decisions to reduce losses of Columbia Basin salmonids to colonial waterbirds. The Working Group includes representatives from the U.S. Army Corps of Engineers, National Marine Fisheries Service, U.S. Fish and Wildlife Service, Oregon Department of Fish and Wildlife, Washington Department of Fish and Wildlife, Idaho Department of Fish and Game, Bonneville Power Administration, Columbia River Inter-Tribal Fish Commission, Northwest Power Planning Council, Oregon Division of State Lands, U.S. Geological Survey, Oregon State University, and U.S. Department of Agriculture – Wildlife Services.  By executive order the Working Group has been asked to (1) complete development of a short term strategy for reducing avian predation on listed salmonids in the lower Columbia River estuary, (2) develop a monitoring and evaluation plan to determine whether the short-term goals are met, (3) complete the required environmental documentation, (4) develop budgets for the recommended actions so that cost sharing opportunities can be identified, and (5) determine future research and management needs. The research team from OSU, CRITFC, USGS, and RTR have been asked to (1) provide technical assistance to the Working Group in the development and implementation of short and long-term management plans to reduce smolt losses to birds in the lower Columbia River, (2) test the feasibility of different management initiatives to reduce avian predation, and (3) monitor and evaluate the effectiveness of those initiatives once fully implemented. 

Data collected as part of this project have been used in (1) various salmonid life-cycle models (e.g., Kareiva 2000), (2) juvenile salmonid mortality studies using PIT tags (e.g., Ryan et al. 2001a, 2001b), (3) avian predation studies on the mid-Columbia River (POC: Chris Thompson, Washington Department of Fish and Wildlife), (4) the North American Caspian Tern Species Account (Cuthbert and Wires 1999), (5) salmonid passage and health studies (POC: Carl Schreck, Oregon State University), (6) contaminant studies (POC: Jeremy Buck, U.S. Fish and Wildlife Service), (7) the Draft Environmental Impact Statement for nationwide management of double-crested cormorants (POC: Shauna Hanisch, U.S. Fish and Wildlife Service), and (8) separately funded studies aimed at reducing avian predation on juvenile salmonids (nesting barges used to assess potential sites for tern colony restoration [Collis et al. in review]; bird excluders on pile dikes to reduce cormorant predation on juvenile salmonids [Collis et al. 2002b]).  In addition, results from this study will be included in various court-ordered technical reports ([a] Avian predation analysis to determine levels of predation that do not impede salmon recovery, [b] Status assessment of Caspian terns, and [c] Feasibility study of potential Caspian tern nesting sites in the Pacific Northwest) and NEPA documents (EIS on Caspian tern management in the Columbia River estuary).  

e. Project history (for ongoing projects) 

In 1997, a study was initiated to investigate the impacts on juvenile salmonid survival of predation by colonial waterbirds nesting on islands in the lower Columbia River (Roby et al. 1998). The study area included the Columbia River from the mouth (river km 0) to the head of the impoundment created by McNary Dam (river km 553). The species investigated were California gulls, ring-billed gulls, glaucous-winged/western gulls (Larus glaucescens X L. occidentalis), Caspian terns, and double-crested cormorants. This study revealed differences in diet composition among the different bird species and colony locations (Collis et al. 2002). Caspian terns and double-crested cormorants were strictly piscivorous, whereas the three gull species consumed a diverse array of food types. Gulls nesting at up-river colonies consumed primarily anthropogenic food types (e.g., cherries, potatoes, human refuse). In contrast, glaucous-winged/western gulls nesting in the Columbia River estuary consumed primarily fish. In general, gulls nesting on Rice Island (river km 34) ate primarily riverine fishes, whereas gulls nesting on East Sand Island (river km 8) ate primarily marine fishes. These same dietary differences were evident in the diets of double-crested cormorants nesting on Rice and East Sand islands (Collis et al. 2002).   

In general, piscivorous waterbirds nesting in the Columbia River estuary ate more juvenile salmonids than those nesting up-river. In 1997 and 1998, Caspian terns nesting on Rice Island consumed the highest percentage of juvenile salmonids (73%) of those species of piscivorous colonial waterbirds nesting in the estuary (Collis et al. 2002). Rice Island, a dredged material disposal site at river km 34, supported an expanding colony of about 16,000 nesting terns in 1998 (Collis et al. 2002). This colony was the largest known Caspian tern breeding colony in the world, and supported about two-thirds of all the Caspian terns nesting along the Pacific Coast of North America (Cuthbert and Wires 1999). Using bioenergetics modeling, it was estimated that in 1998 this tern colony consumed about 11.2 million juvenile salmonids (95% c.i. = 8.3 – 14.2 million; Roby et al. in review), or approximately 12% (95% c.i. = 9% - 15%) of the estimated 96 million out-migrating smolts that reached the estuary during the 1998 migration year. Analysis of over 36,000 smolt PIT tags recovered from the Caspian tern breeding colony on Rice Island revealed that over 13.5% of all PIT-tagged steelhead smolts that reached the estuary were consumed by terns in 1998 (Collis et al. 2001a).

The magnitude of predation on juvenile salmonids by Rice Island terns led to management action in 1999 (Roby et al. 2002). A pilot study was conducted to determine whether the Rice Island tern colony could be relocated 16 miles closer to the ocean on East Sand Island (river km 8), where it was hoped terns would consume fewer salmonids. Habitat restoration, social attraction (decoys and audio playback systems), and selective gull removal were used to encourage terns to nest on East Sand Island. About 1,400 pairs of Caspian terns nested at the new colony site in 1999, where nesting success was considerably higher than on Rice Island (Roby et al. 2002). In 2000, about 9,100 pairs of Caspian terns nested on East Sand Island, or 94% of all terns nesting in the estuary, and nesting success was again much higher than at Rice Island (Roby et al. 2002).

During 1999 and 2000, the terns nesting on East Sand Island foraged more in marine and brackish water habitats than did the terns nesting on Rice Island (Lyons et al. unpubl. data, Anderson et al. unpubl. data). The diet of East Sand Island terns consisted of 46% and 47% salmonids in 1999 and 2000, respectively, compared to the diet of Rice Island terns, which consisted of 77% and 90% salmonids, respectively (Roby et al. 2002). The relocation of nearly all the nesting terns from Rice Island to East Sand Island in 2000 resulted in a sharp drop in consumption of juvenile salmonids by terns nesting in the Columbia River estuary; total consumption was estimated at 7.3 million smolts (95% c.i. = 6.1 – 8.6 million smolts), a reduction in smolt consumption of about 4.4 million (38%) compared to 1999 (CBR 2000, Lyons et al. unpubl. data). 

In 2001, all Caspian terns nesting in the Columbia River estuary used 3.9 acres of the restored habitat on East Sand Island. The estimated size of the East Sand Island colony (9,100 pairs) was not significantly different from 2000, suggesting that the tern breeding population is no longer increasing (Roby et al. 2002). Tern nesting success at the East Sand Island colony in 2001 (1.3 young raised per nesting pair) was the highest ever recorded for Caspian terns nesting in the Columbia River estuary, apparently a reflection of high forage fish availability (Roby et al. 2002). The proportion of juvenile salmonids in the diet (33%) was the lowest ever recorded for terns nesting in the estuary (Roby et al. 2002). This resulted in another decline in consumption of juvenile salmonids by terns in the Columbia River estuary; consumption in 2001 was estimated at 5.9 million smolts (95% c.i. = 4.8 – 7.0 million smolts). This represents a reduction in smolt consumption by terns of about 5.9 million (50%) compared to the 1999 consumption estimate (CBR 2002). These results indicate that relocating the Caspian tern colony was an effective management action for reducing predation on juvenile salmonids without harm to the population of breeding terns, at least in the short-term. 

f. Proposal objectives, tasks and methods
Objective 1.  Monitor and evaluate management initiatives implemented to reduce Caspian tern predation on juvenile salmonids in the Columbia River estuary and elsewhere.

Task 1.1.  Assess changes in size, distribution, and productivity of Caspian tern colonies in the Columbia River estuary, at restoration sites along the coast of the Pacific Northwest, and elsewhere as warranted.

Rationale and Methods: We will conduct surveys of the distribution and size of Caspian tern colonies in the Columbia River estuary and along the coast of southwest Washington. Boat, aerial, and ground-based surveys will be conducted to identify new colony sites. Re-sightings of color-banded adults will be used to study dispersal patterns and habitat utilization of terns formerly banded at colonies in the Columbia River estuary. Once new tern colonies become established (either on barges or restored colony locations), aerial photo census techniques will be used late in the incubation period to estimate breeding population size at each colony. Direct counts of individual birds on aerial photographs of the nesting colonies is the best option for estimating breeding population size of ground-nesting colonial waterbirds (Bibby et al. 1993). 


Once Caspian terns settle at breeding colonies, productivity of those colonies will be measured. Nesting success will be compared with previous years and among colony sites. Additionally, productivity of colonies in the Columbia River estuary or elsewhere along the coast of the Pacific Northwest will be compared to that of other established colonies (i.e., up-river tern colonies and from published literature) as a means to assess the quality of new or restored site(s) as colony locations for Caspian terns. We will determine clutch size, hatching success, and nestling survival rate for a sample of nests on the colony. We will also determine overall productivity for each colony in each year (number of fledglings raised per nesting pair). 


By monitoring size and productivity of unmanaged Caspian tern colonies up-river and elsewhere, we will assess the relationship between changes in the size and productivity of colonies in the Columbia River estuary and changes in recruitment and reproductive success at colonies further up-river. This will help determine the potential for future impacts of unmanaged, up-river tern colonies on the survival of Columbia River basin salmonids.

Task 1.2.  Determine diet composition and smolt consumption rates of Caspian terns in the Columbia River estuary, at restored colonies along the coast of the Pacific Northwest, and elsewhere as warranted.

Rationale and Methods: Diet composition and smolt consumption rates of Caspian terns will be measured at colonies in the Columbia River estuary, along the southwest coast of Washington, and on islands in the Columbia River from Bonneville Dam to the head of McNary Dam pool. Smolt consumption rates will be compared among colonies and among years. Diet composition will be monitored by visually identifying fish brought back to colonies in the bills of nesting adults and, where feasible, by collecting bill load fish from terns commuting back to the colony with prey. These data will be used to assess (1) the proportion of the diet that consists of juvenile salmonids, (2) the total number of juvenile salmonids consumed based on calculations using a bioenergetics model, and (3) predation rates on smolts based on estimates of the numbers of juvenile salmonids available as potential prey in each migration year. 


The proportion of juvenile salmonids in the diets of Caspian terns nesting at colonies on Three Mile Canyon Island (John Day pool) and Crescent Island (McNary pool) have exceeded that of the former colony of Caspian terns on Rice Island. Thus the diet composition of terns nesting at colonies between Bonneville Dam and the head of McNary Dam pool will be monitored because it has been determined that these colonies have the potential to significantly affect survival of certain stocks of juvenile salmonids in certain years. Diet studies on these up-river Caspian tern colonies may be especially warranted if these colonies increase significantly due to shifts of the estuary population toward up-river sites (see Task 1.1). The proportion of juvenile salmonids in the diet and the total number of salmonids consumed will be estimated for these up-river Caspian tern colonies and compared with these same measurements in previous years.

Bioenergetics models are essential tools for measuring tern predation rates on juvenile salmonids. Yet these models are highly sensitive to input values for energy expenditure rates of tern family units (paired adults and their young) during the reproductive period. To date, energy expenditure rates have been measured directly (using the doubly labeled water method) for only a small sample of adults during the hatching period at the former Rice Island colony. In order to refine these models, it is important to measure energy expenditure rates by Caspian tern breeding adults at various stages of the nesting season and at different breeding colonies. 

Several new methods are being developed for assessing food habits over a more extensive period, using tissue samples collected from the predators. Tissue samples from both terns and their prey will be analyzed to determine stable-isotope ratios (Thompson and Furness 1995, Sydeman et al. 1997), fatty acid signatures (Raclot et al. 1998, Surai et al. 2001), and contaminant burdens (organochlorines and heavy metals; Mora et al. 1993, Stewart et al. 1997). Once validated, these methods may prove extremely useful for quantifying the reliance of terns from different colonies and in different years on juvenile salmonids and other food sources, integrated over an extended period (several weeks to several months). 

 Radio telemetry studies of Caspian terns nesting at Rice and East Sand islands in the Columbia River estuary taught us much about where terns forage and how foraging distribution changes as the nesting season advances. These findings were crucial for understanding seasonal shifts in diet composition. We propose using radio telemetry to determine the distribution and range of foraging by Caspian terns nesting at the Crescent Island colony.

Task 1.3. Develop a demographic model for the Pacific Coast population of 

Caspian terns that will predict future population trends from current 

life table data.
Rationale and Methods: Available evidence from band recoveries indicates that all Caspian tern colonies west of the Continental Divide in North America constitute one panmictic population. Consequently, changes in the size and productivity of Caspian tern colonies outside the Columbia River estuary may have profound effects on the numbers of terns nesting in the estuary and, consequently, predation rates on Columbia River basin salmonids. Also, we do not currently understand some of the fundamental aspects of Caspian tern demography in the Pacific Coast population, such as sub-adult survival and the minimum levels of colony productivity needed to insure sufficient recruitment to balance adult mortality. The latter is critical for identifying minimum levels of nesting success to assure stable population size. We will continue to band cohorts of fledgling Caspian terns each year with unique color combinations of plastic leg bands in order to collect information on sub-adult survival and maintain sample sizes of banded adults for measurement of adult survival to be used as input for demographic population models. Re-sightings of banded terns will allow us to measure adult survivorship and juvenile recruitment, two essential parameters for modeling the demography and assessing the status of the tern population. The model, combined with colony size and productivity data generated as part of Task 1.1, will allow us to accurately predict changes in colony sizes into the future.


Task 1.4. Evaluate various factors that may influence the vulnerability of 

juvenile salmonids to predation by Caspian terns in the lower Columbia 

River.

Rationale and Methods: Previous and on-going studies of smolt PIT tags recovered on Caspian tern colonies in the lower Columbia River indicate there is high variability among salmonid stocks in vulnerability to tern predation (Collis et al. 2001a). Further analysis of smolt PIT tags recovered from various Caspian tern colonies will be used to assess the relative vulnerability of various groups of salmonids to tern predation. Factors that will be examined for effects on vulnerability to tern predation include out-migration history (e.g., whether the smolt was transported and, if so, where it was picked up for transportation; at how many dams was the smolt detected in the juvenile bypass facility). Fish collected as tern bill loads will also be used to assess the condition, contaminant burdens, and health status of salmonid smolts consumed by terns. Comparisons of the condition of smolts that have fallen prey to terns will be compared to that of smolts caught in seines as part of studies conducted by NMFS in the Columbia River estuary (POC: Robert Emmett, NMFS). These analyses will enable us to test hypotheses regarding the compensatory/additive nature of tern predation on smolts that are consumed by terns nesting along the lower Columbia River and in the estuary. 


Analyses of PIT tag recoveries and fish collected as bill loads are both limited by small sample sizes of each stock and rearing type. This limitation could be circumvented if Caspian terns can be trained to forage at net pens where various species, sizes, rearing types, and stocks of juvenile salmonids are being held. This would allow vulnerability of various smolt types to tern predation to be compared directly in a controlled experimental design. This approach seems feasible, as terns have been previously trained to forage on an artificial food supply at a local site as part of experiments to investigate food preferences (Shealer 1998). We propose to conduct a pilot study to test the feasibility of this approach by mooring a net pen containing salmonid smolts in the Columbia River near the Crescent Island tern colony. If terns learn to forage and capture prey at the net pen, this approach could be expanded to test a variety of hypotheses regarding factors that influence vulnerability to tern predation. 

Objective 2.  Measure effects of predation by double-crested cormorants nesting in the Columbia River estuary and at up-river colonies on survival of juvenile salmonids.

Task 2.1.  Conduct surveys to estimate size and productivity of double-crested cormorant colonies in the estuary and between Bonneville Dam and the head of McNary Dam pool.

Rationale and Methods: Estimates of the magnitude of smolt losses to double-crested cormorants in the estuary suggest that predation rates are similar to those currently measured for the Caspian tern colony on East Sand Island. If the cormorant population on East Sand Island (currently the largest of its kind on the Pacific Coast of North America) continues to expand and/or the proportion of salmonids in cormorant diets increases, predation rates may exceed those of Caspian terns in the estuary. A new double-crested cormorant colony on Foundation Island near the mouth of the Snake River has expanded rapidly in recent years, and now numbers hundreds of pairs. Nothing is known of the diet of cormorants nesting at Foundation Island. Aerial photos of cormorant colonies will be taken to estimate breeding population size and results compared to population estimates in previous years to determine population trends and trajectory. In addition, the productivity of double-crested cormorant colonies in the estuary and elsewhere will be monitored as described above (Task 1.1).

Task 2.2.  Determine diet composition and smolt consumption rates of double-crested cormorants nesting in the Columbia River estuary and at up-river colonies.

Rationale and Methods: Smolt consumption rates by double-crested cormorants nesting in the Columbia River estuary will be monitored because it has been determined by previous studies that this population has the potential to significantly affect survival of juvenile salmonids. Diet studies on double-crested cormorants in the estuary will be conducted to assess whether shifts in availability of alternative prey or competition with Caspian terns affects predation rates on juvenile salmonids in the estuary. The proportion of juvenile salmonids in the diet and the total number of salmonids consumed by double-crested cormorants in the estuary will be estimated to compare with these same measures in previous years. 

The doubly labeled water method will be used to measure energy expenditure rates of double-crested cormorants nesting at sites in the estuary and up-river for input to bioenergetics models used to estimate smolt consumption rates (see Task 1.2). Tissue samples from both cormorants and their prey will also be analyzed to determine stable isotope ratios, fatty acid signatures, and contaminant burdens (organochlorines, heavy metals) (see Task 1.2). Once validated, these methods may prove useful in quantifying the reliance of cormorants nesting at various colonies in different years on juvenile salmonids and other prey types as food sources. 

Objective 3.  Monitor major colonies of other piscivorous waterbirds on the lower Columbia River between Bonneville Dam and the head of McNary Dam pool and identify sites where significant feeding aggregations of piscivorous waterbirds occur in this area.
Task 3.1.  Conduct surveys to estimate size and productivity of colonies of other piscivorous waterbirds (gulls and white pelicans) in the lower Columbia River between Bonneville Dam and the head of McNary Dam pool.

Rationale and Methods: Previous estimates of population trends and diet composition at some colonies of gulls in the lower Columbia River suggest that predation on juvenile salmonids may be increasing and could potentially reach levels that are of concern to fisheries managers. Aerial photos of gull and white pelican colonies will be taken to estimate breeding population size and results compared to population estimates in previous years to determine population trends and trajectory. In addition, productivity of selected gull and white pelican colonies will be monitored as described above (Task 1.1). 

Task 3.2.  Collect information on diet composition at selected gull colonies in the lower Columbia River between Bonneville Dam and the mouth of the Snake River.

Rationale and Methods: The proportion of juvenile salmonids in the diets of gulls nesting at certain colonies in the lower Columbia River (i.e., Little Memaloose Island) have exceeded 15%. Thus the diet composition of gulls nesting at some colonies between Bonneville Dam and the head of McNary Dam pool should be monitored to assess the prevalence of salmonid smolts in the diet. Diet studies on these up-river gull colonies may be especially warranted if these colonies increase significantly or if alternative food sources decline in availability. The proportion of juvenile salmonids in the diet and the total number of salmonids consumed will be estimated for these up-river gull colonies. 

Task 3.3.  Collect information on foraging aggregations of piscivorous waterbirds along the lower Columbia River between Bonneville Dam and the head of McNary Dam pool.

Rationale and Methods: National Marine Fisheries Service has identified predation by piscivorous waterbirds as a potentially significant source of mortality for out-migrating juvenile salmonids in the lower Columbia River between Bonneville Dam and the head of the McNary Dam pool. NMFS is particularly concerned about smolt predation at dams. Despite on-average low proportions of juvenile salmonids in diets of up-river waterbirds (i.e., various species of gulls, double-crested cormorants, white pelicans), some individual predators may have specialized in foraging on juvenile salmonids at particular sites where smolts are vulnerable, such as at dam tailraces and hatchery release sites. We will monitor the numbers and prey consumption rates of avian predators at particular aggregation sites where smolts are vulnerable to avian predation.

Objective 4.  Assist in developing short- and long-term management plans to reduce avian predation on juvenile salmonids in the lower Columbia River.

Task 4.1.  Provide technical assistance to the Interagency Caspian Tern Working Group and other groups having resource management authority to refine and further develop management initiatives (i.e., adaptive management of tern colony relocation efforts), and comply with the court-mediated settlement agreement on Caspian tern management that was implemented in April 2002.

Rationale and Methods: As participants in the Working Group, the OSU/USGS/CRITFC/RTR research team will provide technical assistance to managers in refining existing management initiatives, developing alternatives to reduce Caspian tern predation on juvenile salmonids in the Columbia River, and preparing the court-ordered Environmental Impact Statement for tern management in the estuary. We will provide information at Working Group meetings and to individual agency members of the Working Group as needed that will help evaluate the effects of continuing management of Caspian terns in the Columbia River estuary and thereby provide the opportunity for adaptive management either in-season or in out-years. We will assess the effects of management for Caspian tern nesting habitat on East Sand Island and suggest changes in management strategies to help meet the management objectives established by the Interagency Working Group. By providing timely information to the Interagency Caspian Tern Working Group, managers can make adjustments that help assure management objectives are met to the greatest extent allowable within the constraints of the settlement agreement.

Task 4.2.  Provide technical assistance to the Interagency Avian Predation Working Group to develop new management initiatives for full implementation after 2005.

Rationale and Methods: Based on research results and our on-going review of literature on restoration techniques for colonial waterbirds, we will provide technical assistance to the Interagency Caspian Tern Working Group. We will also advise managers as they implement new management initiatives following completion of the EIS for Caspian tern management in 2005 or beyond. We will provide information at Working Group meetings that will help in evaluating various management options and, if deemed necessary by the Working Group, designing practical and effective management plans for avian predators other that Caspian terns that have a strong likelihood of providing survival benefits to juvenile salmonids. Input to the Working Group will include, but is not limited to (1) nesting habitat requirements, (2) potential attraction techniques for restoring or establishing new breeding colonies, (3) predator control methods to enhance nesting success at new or restored colonies, (4) other management initiatives that may be successful in reducing avian predation (e.g., deterring birds at foraging locations), and (5) potential negative side effects of colonial waterbird management.

g. Facilities and equipment
Fieldwork will be focused in the Columbia River estuary, along the lower Columbia River between Bonneville Dam and the head of the McNary Dam pool, and along the coast of Washington (as warranted). This work will be conducted out of field stations in Astoria, OR (Columbia River estuary), Hermiston, OR (up-river sites), and other locations as needed. Up to four boats capable of handling conditions encountered on the Columbia River will be needed. The USGS-Oregon Cooperative Fish and Wildlife Research Unit has a 20 ft. Boston Whaler, an 18 ft. Alumaweld, and two inflatables that are fully equipped. The Unit will provide boats for use on the project in return for maintenance, repair, and/or replacement in the event of normal wear and tear, damage, or loss of these watercraft and associated equipment (outboard motors, trailers, etc.).

Since the project “Avian Predation on Juvenile Salmonids in the Lower Columbia River” was initiated in 1997, the project has acquired a considerable quantity of reusable field supplies and equipment that are dedicated to this project. These include two portable buildings for use as field camps, tents, camp supplies, hundreds of Caspian tern decoys, six complete audio playback systems for the field, several sturdy plywood blinds for colony observations, optical equipment for colony observations, and a wide variety of other miscellaneous field supplies.

The Department of Fisheries and Wildlife, Oregon State University will provide lab facilities. This laboratory is fully equipped to conduct analyses of proximate composition and energy content of fish prey for piscivorous birds. Through our collaborator, Dr. G. Henk Visser, at the University of Groningen in The Netherlands, we have access to all the laboratory and equipment required for analysis of biological samples for studies using the doubly labeled water technique for measuring field metabolic rates of fish-eating birds.
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