Impacts of Pinniped Predation on Anadromous Species 

Protected in the Columbia River Basin by the Endangered Species Act

ISSUE

Marine mammals are natural predators of salmon.  The Marine Mammal Protection Act has allowed populations of these animals to recover substantially, even as salmonid populations protected under the Endangered Species Act have fallen.  What impact does predation of marine mammals have on juvenile and adult salmon runs of the Columbia River?

SUMMARY

The National Marine Fisheries Service Pinniped Predation Work Group reviewed available information on potential interaction between growing pinniped populations and depressed salmonid stocks (NMFS 1997).  The Work Group concluded that concerns over the negative impacts of predation are justified but that specific research was needed to quantify specific impacts.  The State of Oregon translated Work Group findings and other information into a “Pinniped Predation Draft Action Plan” (ODFW 1998) with similar conclusions.  

BACKGROUND

Late 19th and early 20th century commercial exploitation of Columbia River fisheries decimated salmon runs, bringing commerce into conflict with  resident and migratory pinniped populations.  Then, as today, pinnipeds killed and injured returning adult salmon, including taking the fish from sport and commercial fishers and damaging their equipment.  As fish runs continued to decline, interest in reducing pinniped impacts increased.  Beginning in the 1920s and 1930s, state-financed bounty programs in Washington and Oregon selectively killed large numbers of seals and sea lions to reduce the number of predators on commercially important fish species (Newby 1973, Pearson and Verts 1970). In the Columbia River, a seal hunter was paid from commercial fish ticket revenues (ODFW 1998).  Exact numbers of seals and sea lions killed are unknown, but the programs were apparently successful in controlling pinniped populations in both states. The programs ended by 1960 in Washington and by 1970 in Oregon. 

In 1972 the U. S. Congress passed the Marine Mammal Protection Act (MMPA) which removed management authority for pinnipeds from state governments and vested it with the National Marine Fisheries Service. With few exceptions, the MMPA provided broad protection for pinnipeds, including prohibitions on harassing, hunting and killing. Since passage of the MMPA, populations of California sea lions and Pacific harbor seals (pinnipeds) have increased steadily in Washington, Oregon, and California, even as coastal and inland runs of native salmonids have continued to decrease.  The recovery of these pinnipeds has been sufficient that they are not considered to be depressed, threatened, or endangered but their optimal sustainable population sizes have not been determined.  

In contrast, plummeting salmonid runs have raised concerns about the impact of pinniped predation. NMFS has specifically identified pinniped predation on salmon as a factor that must be considered for recovery of Snake River chinook salmon listed under the ESA (NMFS 1995a).  In the 1994 Amendments to the MMPA, Congress directed that a scientific investigation be conducted to, in part, determine whether California sea lions and Pacific harbor seals are having a significant negative impact on the recovery of salmonid fishery stocks which are likely candidates for or have actually been listed as endangered species or threatened species under the Endangered Species Act of 1973. Subsequent to that study, NMFS was to coordinate with the Pacific States Marine Fisheries Commission to address identified issues and problems and would submit recommendations and findings to Congress.

A Working Group established by NMFS reviewed all available field study information on the status and trends of California sea lions (Zalophus californianus), Pacific harbor seals (Phoca vitulina), and the seven species of Salmonids found in Washington, Oregon, and California (NMFS 1997). Populations within the Columbia River are estimated as shown below.

Table 1. Estimated Total 1994 Columbia River Pinniped Populations (NMFS 1997)

Species
Numbers
Months in Area
Peak Period
Haul-Outs

Harbor Seals
1,000-3,000
All year
Winter
12

California Sea Lions
300
Fall-Spring
Spring
3

Stellar Sea Lions
260
All year

1

The Working Group considered predation by these pinniped species to be an additional factor that might be contributing to the decline and potential recovery of small runs of depressed Salmonids. The Working Group could not determine if either pinniped species is having a significant negative impact on any wild Salmonid population, except winter steelhead that migrate through the Ballard Locks, because of the limitations of the available data. Similar information gaps on potential impacts of pinnipeds on Snake River spring/summer and fall chinook salmon (listed as threatened under the ESA) were also identified by NMFS in the recovery plan for Snake River salmon (NMFS 1995a).  Although the Working Group concluded that substantial additional research is needed to fully address this issue, it found that existing information on the seriously depressed status of many Salmonid stocks is sufficient to warrant actions to remove pinnipeds in areas of co-occurrence where pinnipeds prey on depressed Salmonid populations. The Working Group identified the elements of a research program to assess impacts of pinniped predation on depressed Salmonids and identified the geographic areas of greatest concern for impacts on Salmonids in each state.

The Working Group found that California sea lions and Pacific harbor seals are interacting with many commercial and recreational fisheries on the West Coast. In all three states, reports of pinnipeds removing Salmonids and other fish from fishing gear and damaging gear have increased. Interactions appear to be most severe, in terms of lost catch and gear damage, in Salmonid gillnet, salmon troll, salmon net-pens, and southern California charterboat fisheries. The Working Group reviewed mitigation measures that have been used to reduce or eliminate pinniped predation on Salmonids or minimize interactions with fisheries and found that most nonlethal deterrence measures have limited or short-term effectiveness.  

The Working Group could not determine ecosystem-level impacts because of the complexity of ecosystems and the limited knowledge of how they function. The Working Group reviewed existing biomass consumption estimates for California sea lions and Pacific harbor seals and noted problems with the estimates. New estimates of annual food consumption by harbor seals and sea lions were calculated by the Working Group using a bioenergetics model integrating data on abundance, sex and age structure, and feeding rates. The Working Group estimated a minimum total biomass consumption of about 217,400 metric tons by sea lions and seals in Washington, Oregon, and California and found that it amounted to almost half of what is harvested in commercial fisheries. The Working Group determined it is reasonable to assume that increasing numbers of pinnipeds are consuming an increasing number of prey composed of a variety of species; however, to what degree the increased presence of pinnipeds and increased biomass consumption affects ecosystems is unknown. Research was identified to determine the coastwide degree of interaction between pinnipeds, fisheries, and other West Coast ecosystem elements.   

California Sea Lions

The California sea lion population has been increasing at an annual rate of about 5% per year since the mid-1970s. The number of California sea lions off Washington, Oregon, and California was estimated at more than 161,000 sea lions in 1994. California sea lions are present year-round in southern California where they breed and pup. Adult and subadult males migrate northward into Washington, Oregon, and northern California each year from September to May, coinciding with spawning runs of many depressed Salmonid populations. Peak northward migration occurs during September through October on the Oregon coast and during December in Washington (Bartholomew 1967, Mate 1975).  The reverse migration peaks during March and April in Washington and in April and May for Oregon (Brown 1988).  Most sea lions have left the Northwest by June (Gearin et al. 1986, 1988b).  California sea lions are opportunistic feeders, foraging on schooling fish and other prey that form dense aggregations. Their diet is diverse and varies regionally, seasonally, and annually. The proportion of Salmonids found in the California sea lion food habits samples varied by site, season, and year.   

Peak counts of California sea lions in Oregon have increased from 1,000-2,000 in the late 1970s to 5,000-7,000 in the early 1990s (ODFW unpubl. Data).  Columbia River populations occupy the south jetty (2,000-3,000). From October to April, these pinnipeds are found in the Columbia River (300-500) from Astoria to the Bonneville Dam. They congregate in-river at Astoria at the east mooring basin and near fish processing plants (100-300), near the mouths of the Cowlitz and Lewis Rivers (50-100), and in the Multnomah Channel at the mouth of the Willamette River (10-50). In the Willamette River, small numbers (4-6) are found as far inland as Willamette Falls in Oregon City. Sea lions congregate at the mouths of many rivers primarily during salmonid runs, or during herring or smelt spawning returns. California sea lion populations on the outer Washington coast are predominantly to the north. 

Pacific Harbor Seal

Pacific harbor seals are present in Washington, Oregon, and California year-round; pupping occurs in all three states. Harbor seal populations in the three states have been increasing at a rate of about 5-7% annually since the mid-1970s. The estimated abundance by state from 1993-95 was 34,134 seals in Washington, 9,251 in Oregon, and 32,699 in California. Pacific harbor seals are opportunistic feeders, preying on a wide variety of benthic and epibenthic fish and cephalopods. Their diet also varies regionally, seasonally, and annually. The proportion of Salmonids found in Pacific harbor seal food habits samples varied between studies as well as by site, season, and area.   

Harbor seals are the most abundant pinniped in Washington and Oregon and are present year round. Since the MMPA was passed in 1972, populations have increased significantly. Washington populations increased 7.7% annually between 1978 (when systematic counts began) and 1993 (Huber 1995) and Oregon populations increased 7.4% between 1977 and 1993 (ODFW unpubl.data).  As with California sea lions, it has not been determined whether they have reached OSP (NMFS 1992 

Harbor seals occupy virtually all types of nearshore habitat throughout the year and are found in most coastal bays and in many rivers.  They do not have extensive annual migrations; they usually remain within a 25-50 km area, although movements of up to 500 km have been recorded.  Some seals move seasonally from one area to another in response to locally abundant prey species such as eulachon in the Columbia River (Beach et al. 1985) or sockeye salmon in the Fraser River (Olesiuk 1993).  Most information on harbor seal abundance in Washington is based on surveys conducted during the pupping season which occurs in May/June on the coast and July/August in the inland waters. The major exception is two studies on abundance and movements of harbor seals in the Columbia River and adjacent estuaries (Grays Harbor, Willapa Bay, Tillamook Bay) in 1980-82 and 1991-94 (Beach et al. 1985, Brown et al. 1995). Many of the seals which pup and breed in the coastal estuaries of Washington and Oregon in summer feed in the Columbia River in spring and fall (when salmonids are present) and in winter (when eulachon are abundant).  

Food Habits

The Work Group reviewed published information on California sea lion and harbor seal food habits but found much of the information insufficient to address pinniped impacts on specific salmonid populations. Specific problems include possible under-representation of salmonid content based on otolith counts and uncertainty of the relationship between hard part content in food habits samples and in actual diet.

. 

Food habits studies which involve the identification of fish by otoliths (fish ear bones) alone will underrepresent cartilaginous fish and fish with fragile or digestible otoliths. Harbor seals and other small pinnipeds may not always consume the heads (which contain otoliths) of larger fish such as salmonids (Pitcher 1980). For example, Riemer and Brown (1996) recently reanalyzed harbor seal food habits samples collected in the Columbia River in 1980-82 (Beach et al. 1985) using salmonid bones, gill     rakers, and teeth, as well as otoliths for prey identification. Using these additional hard parts increased the occurrence of salmonids in all samples for both California sea lions and harbor seals (NMFS 1997, Appendices F and G, below). 

Another source of information on pinniped feeding behavior is scars/wounds on salmonids that are attributable to predation attempts by pinnipeds. The Working Group found that the quality of scarring data is inconsistent; differences exist between observers, sites, degree of interest, and diligence in reporting information. Estimates of scarring from fishway windows are biased downwards because only one side of the fish is observed. Scars are easier to observe on salmonids that have just returned to hatcheries. Because the skin darkens as salmonids get closer to spawning, making scars more difficult to detect, it is important to consider when scar data are collected relative to spawning time. In addition, there are non-pinniped sources of scars on salmonids which could be misinterpreted as pinniped marks; training to distinguish the two is not done at most locations nor done consistently. 

California Sea Lion Food Habits in the Columbia River

In the Columbia River, food habits studies utilizing beachcast sea lion carcasses (Beach et al. 1985), and studies on incidentally taken sea lions (Brown et al. 1995), indicate that the primary prey species are eulachon, salmonids, lamprey, herring, rockfish, and anchovy (NMFS 1997, Appendix F). About 13% of the beachcast samples contained salmonids, while 28% of the samples from incidental takes by the salmon gillnet fishery contained salmonids.  

Appendix F Summary of food habit studies of California sea lions in the Columbia River Since 1970. Prey species noted are those which occurred in more than 10% of samples (except salmonids). (NOAA-NWFSC Tech Memo-28: Impact of sea lions and seals on Pacific Coast salmonids )

PRIVATE

Area 

Year 
Sampling 
time period 

n1 

Prey 
Percent of
samples2 

Methods 

Source 

Columbia River 
1980­81 
Jan to June 
16 
eulachon 
anchovy 
lamprey 
Pacific herring 
Pacific tomcod 
sand sole 
44 
19 
13 
13 
13 
13 
gastrointestinal tracts from beachcast sea lions/otoliths, bones, lenses, scales, flesh 
Beach et al. 1985 





salmonids 
13 




1991­93 
Jan to May (one 
October sample) 
18 
eulachon 
rockfish 
Pacific herring 
lamprey 
sand lance 
61 
22 
17 
17 
11 
gastrointestinal tracts from incidentally caught sea lions and beachcast specimens/otoliths, bones, teeth, lenses, cartilaginous parts, beaks 
Brown et al. 1995 





salmonids 
28 



East Mooring Basin, Columbia River 
1992, 1993 
March 
110 
salmonids 
19 
scat/otoliths, bones, teeth, lenses (for presence of salmonids only) 
Riemer and Brown 1996 

1. n = number of samples

2. Percent of samples (scat, stomach, etc.) examined that contained the identified prey. This is not the percentage of that prey in the total diet. Only species that occurred in quantities equal to or greater than 10% were included in this table (except salmonids, which were reported at any level).

In the past decade, California sea lions have occurred seasonally with increasing frequency upriver in the lower Columbia River. Since 1990, California sea lions have been reported 128 miles from the river mouth near Willamette Falls on the Willamette River (a tributary of the Columbia). At least one to three sea lion males have been observed each spring near the fish ladders and smolt chute outfall in the area of Willamette Falls, consuming spring chinook salmon and winter and summer steelhead. In the spring of 1995, California sea lions were observed by ODFW and NMFS feeding on both adult salmonids and smolts. During limited observations (7 hours) over a 2-day period, one large California sea lion was observed to kill and consume an average of one salmonid per hour (ODFW unpubl. data). In 1996, at least five California sea lions were observed at Willamette Falls from April 2 through May 4. During limited observations in 1996 (155 hours), these sea lions were seen consuming 42 chinook salmon, 27 steelhead, and 20 unidentified salmonids (a total of 89 salmonids or about 0.6 salmonids/hour) (ODFW unpubl. data). ODFW and NMFS have implemented an observation/deterrence program at Willamette Falls to document the nature and extent of sea lion effects on salmonids at this site and to assess the effectiveness of various deterrence measures. 
Pacific Harbor Seal Food Habits in the Columbia River

The occurrence of salmonids in harbor seal food habits studies in the Columbia River has varied from none to up to 60% occurrence in some samples. Salmonids appear to be targeted as prey by harbor seals primarily in the spring and fall, possibly because they are abundant and available in the river at that time in contrast to the winter when eulachon are much more abundant. Because harbor seals do not often eat the heads (where otoliths are found) of large fish such as salmonids, evidence of salmonid predation by harbor seals in early studies was probably underestimated.  Three factors other than preference may have influenced the probability of finding salmon remains in early studies. First, fish species identifications were based only on otoliths and presence of salmonid flesh, and therefore other salmonid bones would have been missed. Second, sampling during a gillnet fishery occurs early in the spring chinook migration, before peak numbers of spring chinook occur inriver. Third, the samples collected from young seals may have been from animals too small to successfully forage on the large chinook salmon migrating upriver.

Salmonids were identified in only 3 of 436 scat samples collected in the early 1980s by Beach et al. (1985): 1 with sockeye salmon remains (April 1982) and two with steelhead remains (April and August 1981). These scat samples were reanalyzed for salmonid remains using new identification techniques by Riemer and Brown (1996), and the occurrence of samples with salmonid remains increased from 3 to 28, with frequencies of occurrence in the total sample increasing from <1% to 6% (NMFS 1997 Appendix G, below). Beach et al. (1985) also found salmonid remains in 12% of 50 harbor seal gastrointestinal tracts collected from beachcast seal carcasses. These samples were collected throughout the year, but the largest numbers of samples were obtained from February through May. In 1991 to 1994, Brown et al. (1995) found salmonid remains in 13% of 61 harbor seal gastrointestinal tracts collected in the Columbia River. Salmonids were most frequently found in samples collected in the spring (33% of samples in April and May) and fall (60% of samples in September and October). Similarly, salmonids were identified in 19% of 67 scat samples collected in the spring (April 1995) and 39% of 36 scat samples collected in the fall (September and October) of 1994 (Riemer and Brown 1996). No salmonid remains were found by Riemer and Brown (1996) in 51 harbor seal scat samples collected in the winter (February and March) of 1992-93, similar to the lack of salmonid remains in samples collected in the winters of 1986-88 (Brown et al. 1989). Preliminary results of recent food habits studies show salmonid remains (primarily juveniles) in about 20% of 186 harbor seal scats collected in March through May of 1996 (NMFS-AFSC unpubl. data).. 

Appendix G Summary of Food Habit Studies of Pacific Harbor Seals in Washington, Oregon, and California Since 1970. Prey species noted are those which occurred in more than 10% of samples (except salmonids). (NOAA-NWFSC Tech Memo-28: Impact of sea lions and seals on Pacific Coast salmonids 

)


Area 

Year 
Sampling 
time period 

n1 

Prey 

Percent of
samples2 

Methods 

Source 

Columbia River and 
adjacent estuaries 
1980­82 
Year-round 
50 
eulachon 
anchovy 
Pacific tomcod 
Pacific herring 

40 
26 
16 
14 
gastrointestinal tracts from stranded 
seals/otoliths, teeth, beaks, 
cartilaginous parts 
Beach et al. 1985 

Columbia River 
1980­82 
Year-round 
436 
whitebait smelt 
anchovy 
lamprey 
flatfish 
gadids 
staghorn sculpin 
eulachon 

36 
21 
14 
12 
12 
11 
10 
scat/otoliths, teeth, beaks, 
cartilaginous parts 
Beach et al. 1985 




Apr­Aug 


steelhead 
sockeye 

<1 
<1 







Apr­Oct 
342 
salmonids 

6 
scat/otoliths, bones, teeth, lenses, 
cartilaginous parts, beaks 
Reanalysis by Riemer and Brown 1996 



1986­88 
Winter 
83 
eulachon 
longfin smelt 
lamprey 

100 
14 
10 
gastrointestinal tracts from seals caught 
incidentally in gillnets and beachcast 
specimens/otoliths, flesh, whole fish 
Brown et al. 1989 



1991­94 
Oct to June 
(most in Feb) 
61 
eulachon 

85 
gastrointestinal tracts from seals taken 
incidentally in gillnets and beachcast 
specimens/otoliths, bones, 
teeth, lenses, cartilaginous parts 
Brown et al. 1995 







salmonids 

12 






1992­93 
Feb to March 
51 
eulachon 
lamprey 
starry flounder 

88 
20 
12 
scat/otoliths, bones, teeth, 
lenses, cartilaginous parts, beaks 
Brown et al. 1995 



1994 
Sep to Oct 
36 
northern anchovy 
Pacific herring 
smelt 
staghorn sculpin 

50 
44 
25 
19 
scat/otoliths, bones, teeth, lenses, 
cartilaginous parts, beaks 
Riemer and Brown 1996 







salmonids 

39 





1995 
April 
67 
staghorn sculpin 
starry flounder 
Pacific herring 
smelt 
lamprey 
prickleback 

49 
36 
28 
18 
16 
15 
scat/otoliths, bones, teeth, lenses, 
cartilaginous parts, beaks 
Riemer and Brown 1996 







salmonids 

19 









10 
Pacific herring 
staghorn sculpin 

40 
30 
enema/otoliths, bones, teeth, lenses, 
cartilaginous parts, beaks 
Riemer and Brown 1996 







salmonids 

10 









2 
staghorn sculpin 
American shad 
flatfish 
shrimp 

50 
50 
50 
50 
lavage/otoliths, bones, teeth, lenses, 
cartilaginous parts, beaks 
Riemer and Brown 1996 

Salmonid Scarring by Pinnipeds 

Throughout Washington, California sea lions feed on steelhead and coho, sockeye, chum, and chinook salmon, both on free-swimming fish and on fish caught in gillnets and on hook-and-line gear (Gearin et al. 1986, Gearin et al. 1988a).  Scars attributed to predation attempts by sea lions and harbor seals have been observed on adult salmonids at fish ladders and hatcheries, and in sport fish landings in Oregon and Washington since the early 1980s (Scordino 1993). These marks consist of descalings in the form of two overlapping arches caused by seal or sea lion canine teeth, two to three parallel scratches caused by seal claws, or puncture wounds caused by pinniped bites. The first quantification of scarring was at Bonneville Dam, where counters looked at one side of the salmonids as the fish moved rapidly past the fish-ladder windows. In 1980, fish counters observed 328,612 salmonids from four species in the fish ladder window and documented that at least 0.4% of the salmonids observed had evidence of pinniped-caused scars (Scordino 1993).  

In 1990, an increased incidence of pinniped scarring (increasing from negligible numbers up to 19% of salmon examined) was noted by biologists handling Snake River spring chinook at Lower Granite Dam, raising concerns about impacts of pinnipeds on listed salmonids (Scordino 1993). From 1990 to 1993, steelhead and spring/summer chinook handled at the Lower Granite Dam were examined for evidence of attempted pinniped predation. Most predation scars are tooth marks and claw rakes that result in minor descaling of the fish and probably do not affect survival. However, some of the more severe bites and puncture wounds on fish may result in mortality. Scars were found on 7.8% of the steelhead and on 16.4% of the spring/summer chinook; this included the more severe puncture wounds on 2.1% of the steelhead and 5.7% of the chinook (Harmon et al. 1994). Harmon et al. (1994) hypothesized that pinniped-induced stress from scarring and injuries may result in lowered spawning success and that considerable salmonid mortality, both direct and indirect, may result from confrontations with, and injuries from, pinnipeds.

In more recent studies on pinniped scarring on spring/summer chinook salmon and steelhead in the Columbia and Snake Rivers, pinniped canine marks and claw rakes were found on 12% of the spring/summer chinook salmon (Huber et al. 1995a, Harmon et al. 1994). Many of the tooth marks and claw rakes examined consisted of minor descaling of the fish that probably did not affect their survival; however, up to 6% of the spring chinook salmon had more severe bites and marks that could have resulted in mortality (Harmon et al. 1994, Huber et al. 1995a). In 1994, Huber et al. (1995) handled steelhead and spring chinook at the Bonneville Dam and several hatcheries on the Columbia and Snake Rivers. They found 24% of the steelhead with pinniped marks (including 10% with bite wounds) and 16% of the spring chinook with pinniped marks (including 4% with bite wounds). 
Huber et al. (1995a) determined that most of the predation marks on spring/summer chinook salmon in the Columbia River were caused by harbor seals, but 10% were clearly inflicted by California sea lions. It is not clear if the preponderance of marks attributable to harbor seals is the consequence of more harbor seals feeding on the salmonids, or of harbor seals being less successful than sea lions at capturing and consuming chinook salmon. More data are needed on harbor seal predation on free-swimming adult salmonids before accurate estimates of losses can be generated.  

In Oregon, there are few river systems where pinniped scarring has not been observed or reported. At most of these locations, seals and/or sea lions have been observed foraging in stretches of the river in the few miles just below hatcheries and, in some cases, directly at the base of fish ladders, weirs, or fishways (e.g., Willamette River). In general, ODFW has noted the highest observed scarring rates occur on winter steelhead (6-53%), followed by coho (11-20%). Chinook salmon have the lowest frequency of predator scars (8-14%). Scarring rates for winter steelhead observed at Oregon hatcheries within the Columbia River Basin are shown in Table 1. 

Table 1. Pinniped-caused scarring observed on winter steelhead in Oregon hatcheries (ODFW unpubl. data).

Location
Timeframe
Incidence of Scarring

Big Creek Hatchery (lower Columbia River)
1992 to 1993
22-43%

Klaskanine Hatchery (lower Columbia River)
1992 to 1993
20-52%

Marion Forks Hatchery (Willamette River)
winter 1990-91
10%

South Santiam (Willamette River)
winter 1990-91
12%

Areas of Concern:  Pinniped and Salmonid Co-occurrence 

There are many areas in all three states where California sea lions and Pacific harbor seals haul-out within foraging range of rivers with depressed salmonid runs. In most of these areas little or no information is available on whether seal or sea lion predation is a problem. However, because many salmonid runs are depressed, even limited predation may slow the recovery of these runs. The Working Group identified areas where there is potential for pinniped predation to affect depressed salmonid populations, and areas where research is needed to assess the magnitude of the impacts and determine whether mitigation efforts are warranted. The areas where depressed stocks are vulnerable to predation are listed in each region from north to south. 

Washington Outer Coast  

Harbor seals are present year-round. California sea lions are present in the fall, winter, and spring.  Of most concern is potential harbor seal predation on spawning adults and outmigrating juveniles from May to July.   Sea lions also depredate catch in coastal salmon troll fisheries.

Columbia River  

Harbor seals are present year-round, with peak numbers exceeding 3,000 from mid-December through mid-March. California sea lions (300-500) are present in fall, winter, and spring. The large and increasing number of pinnipeds raises concern over impacts of pinnipeds on Snake River spring/summer chinook and fall chinook salmon, which are declining and listed as threatened under the ESA. Harbor seals regularly occur more than 50 miles upriver. California sea lions occur as far as the Bonneville Dam (about 145 miles upriver) and into the Willamette River up to Willamette Falls (128 miles from the Pacific Ocean). Pinniped scarring on numbers of ESA-listed spring chinook salmon at Lower Granite Dam raises a greater concern about the level of pinniped impact on ESA-listed species. The large numbers of both harbor seals and California sea lions in the mouth of the Columbia River from late fall to early spring raises concerns for impacts on adult winter steelhead and spring chinook migrating upriver, as well as on juvenile salmonids from all stocks migrating downstream from March to June. California sea lions have been observed consuming adult salmonids far upriver near the fish ladder system at Willamette Falls since 1990. Steelhead and spring chinook passing through the Willamette fishway are depressed stocks and especially vulnerable to predation at this site. Harbor seal numbers in the Lower Columbia River begin increasing during the fall chinook migration upstream, raising concerns for impacts of pinniped predation on these populations also. 

North Oregon Coast  

Harbor seals are present year-round. California sea lions are present from fall through spring. All Oregon coastal coho salmon and steelhead have been proposed for listing under the ESA and are vulnerable to impact by pinniped predation at all sites where they co-occur with pinnipeds during migration. Pinniped scars have been documented on both coho and steelhead in most rivers. Groups of California sea lions have been regularly observed foraging for winter steelhead in the mouth of the Nehalem River estuary for the past 4-6 years. Between 1985 and 1992, the occurrence of pinniped scars on returning adult winter steelhead in the Nehalem River has averaged from 30% to 50%. Harbor seal abundance in the Siletz River has increased over the past 10 years, while counts of spawning adult coho salmon have declined. In the lower Alsea River, sea-run cutthroat are currently at very low numbers and no longer support a viable sport fishery. This raises concerns about the impacts of pinniped predation in the lower river because the Alsea Bay estuary has a large year-round population of harbor seals in Oregon (300-600 seals). Counts of spawning adult coho salmon have declined significantly in recent years even though high-quality spawning habitat is still available. Between 1982 and 1992, pinniped scarring rates on coho salmon in the Alsea River were reported at 11%, while 19-27% of returning winter steelhead had pinniped-caused scars. 

Discussion of Pinniped Impacts on Salmonids  

Salmonid life-history patterns determine the availability of salmonids to pinniped predation. Adult salmonids are most vulnerable to pinniped predation during the spawning migration through estuaries and river mouths, especially where salmonids concentrate or passage may be constricted. Predation on juvenile salmonids is affected by their size during the outmigration. Chum and pink salmon migrate to sea as fry soon after hatching, when they are too small to be pinniped prey. Pink salmon, however, may summer in nearshore ocean areas where they are vulnerable to pinniped predation. Spring chinook salmon, coho salmon, sockeye salmon, and steelhead migrate to the ocean as yearlings or older, at a size where they are vulnerable to pinniped predation. Most fall and summer chinook salmon migrate downstream as sub-yearlings when they may also be too small to be prey of pinnipeds. However, some of the early-timed summer chinook salmon migrate downstream as yearlings when they are large enough to be vulnerable to predation. Sea-run cutthroat migrate to the coastal estuaries at a variety of ages, from subyearlings to 2-year-olds, and spend most of their adult life close to shore where they could be continuously vulnerable to pinniped predation.  

Chinook, chum, coho, pink, and sockeye salmon and steelhead have all been documented as prey of pinnipeds in Washington, Oregon, or California. The observations of steelhead predation by California sea lions at the Ballard Locks show a significant proportion (65%) of an entire salmonid run can be consumed by sea lions (Scordino and Pfeifer 1993) and clearly demonstrates that the combination of high local-predator abundance during salmonid migrations, restricted passage, and depressed fish stocks can result in significant impacts on local salmonid populations (NMFS 1995b). There are only a few areas on the West Coast, other than the Ballard Locks, where studies have documented the influence of pinniped predation on local salmonid populations. In the Puntledge River estuary, British Columbia, Bigg et al. (1990) observed Pacific harbor seals surface feeding on salmonids and documented predation rates of up to 46% of the returning adult fall chinook. In Netarts Bay, Brown and Mate (1983) found that the number of seals feeding in the area was similar in each year of their study; however, the impact of the predation was greatest when the chum salmon return was low. In 1979, the seals took more than 7% of about 550 returning chum salmon, while in 1980, the estimated consumption of nearly twice as many fish represented less than 2% of the return of more than 5,000 salmon. In the Rogue River, Roffe and Mate (1984) estimated that in the late 1960s, sea lions and seals removed less than 1% of the spring chinook and about 6% of the summer steelhead returns to the Rogue River, which was equal to about half of the annual sport catch during that time.  

Co-occurrence of Salmonids and Pinnipeds  

California sea lions and harbor seals are present in most areas where salmonid runs occur in Washington, Oregon, and California. In most places, little information is available on year-to-year changes in the seasonal abundance and daily distribution of pinnipeds near or in salmonid rivers. More information exists on the seasonal abundance of salmonids in rivers and estuaries, but, because cohort sizes of salmonids can vary dramatically, estimates from one year or season applied to another year or season may over- or underrepresent the importance of salmonids in the pinniped diet. Consequently, there is little appropriate long-term information on the effect of pinniped predation on salmonids. However, data from the Ballard Locks (Gearin et al. 1988a) and the Puntledge River estuary in British Columbia (Bigg et al. 1990) indicate that where salmonid populations are depressed and particularly where fish passage is restricted by man-made structures (e.g., dams), narrow channels, or shallow water, pinniped predation can have a detrimental effect on salmonid populations. At the Ballard Locks, California sea lions consumed as much as 65% of the wild steelhead run in Lake Washington. At the Puntledge River estuary, harbor seals consumed up to 46% of returning adult fall chinook. As expected, the greatest effect of pinniped predation occurs when salmonid populations have already been reduced to low numbers.  

Much of the predation at the Ballard Locks was by a few California sea lions that repeatedly foraged on salmonids in spite of deterrence efforts by NMFS and WDFW. The observations at the Ballard Locks indicate the ability of individual animals to consume large numbers of salmonids. One sea lion in 1986 was observed over the course of a 7-day period to kill at least 84 steelhead in 56 hours of observations, for a combined rate of 12 steelhead killed per 8 hours per day (Gearin et al. 1986). The highest predation rates observed were 4 steelhead kills in 23 minutes during 1 day for this animal. On the same day, this sea lion killed 12 steelhead in 4.75 hours. These observations indicate the potential predation levels of California sea lions when prey is abundant and where foraging ability is enhanced by narrow feeding channels. Individual sea lion behavior was also observed during the coho salmon runs through the Ballard Locks. In 1996, a single California sea lion was observed to kill 136 coho salmon in 62 hours (2.1 coho per hour) (NMFS 1996a). The highest predation rates observed for this animal were 18 coho salmon over 4.4 hours (4.1 fish per hour). The maximum number of coho observed killed by this sea lion during any one day was 19 coho salmon in 6.9 hours (2.7 fish per hour). Similarly, one sea lion was observed killing 5 spring chinook in 3 hours in the area of the Willamette Falls fishway (ODFW unpubl. data). Another observation at the Falls was one sea lion taking 7 spring chinook in 7 hours (1 per hour). Although these observations cannot be applied to other areas nor extrapolated over time, they clearly show the potential for individual California sea lions to consume large numbers of salmonids.  

In most cases where pinnipeds and salmonid smolt co-occur, it is assumed that the pinnipeds are feeding on smolt. However, because the smolt are consumed under water, it is unknown to what extent the seals and sea lions exploit that resource. At the Ballard Locks, California sea lions were observed actively foraging during the peak of smolt outmigration, and although the observers were confident that the sea lions were eating smolt, they could not quantify numbers of smolt consumed (NMFS 1996a). One recent study in Canada quantifies harbor seal predation on smolt. In the lower Puntledge River in British Columbia, harbor seals forage on chum salmon fry and coho salmon smolts at night by using the lights from bridges to silhouette the fish and aid in their capture. During the peak of predation, consumption was estimated at 140,000 chum salmon fry and 13,000 coho salmon smolt per night (P. Olesiuk, Canada Department of Fisheries and Oceans, Science Branch, Pacific Biologic Station, Nanaimo, BC V9R 5K6. Pers. commun., 1996). As is true in most areas where individual pinnipeds can be identified, most predation (53-57%) was attributable to a small number (10) of recognizable seals. Total consumption was estimated at 3.1 million chum salmon fry (7-31% of the 1995 production) and 138,000 coho salmon smolt (15% of the 1995 production) between April and June (P. Olesiuk, Canada Department of Fisheries and Oceans, Science Branch, Pacific Biologic Station, Nanaimo, BC V9R 5K6. Pers. commun., 1996). 

The Working Group considered California sea lion and Pacific harbor seal foraging on salmonids in the open ocean. In a review of marine mammal-salmonid interactions in the Pacific Northwest, Fiscus (1979) suggested that mammal predation on free-swimming salmonids in the open ocean probably has a minimal impact, and consumption rates on healthy and abundant fish stocks in these situations is relatively low. Studies from the 1970s on northern fur seals offshore of Washington, however, found that salmonids (mostly immature pink, coho, and chinook salmon) were present in 20% of the samples examined (Fiscus 1980). Antonelis and Perez (1984) estimated that 11.6% of the prey consumed by northern fur seals off Washington and Oregon annually was salmonids, and they estimated an annual consumption of 3,897metric tons (t) of salmonids. Although the Working Group found no comparable information on California sea lions or Pacific harbor seals, it did note that a California sea lion had been observed taking a coho salmon in coastal waters off Washington. Nonetheless, pinniped predation on small populations of depressed or listed salmonids, whether inriver or in the open ocean, is important in assessing the impacts of predation on recovery of salmonid populations. 

In understanding the effects of pinniped predation on salmonids, the Working Group noted that it is important to keep in mind that not all pinnipeds at a haul-out near a salmonid run are actively feeding on salmonids. Herder (1983) found that although there were up to 200 harbor seals in the Klamath River area, only 9 seals were responsible for depredation on gillnets each day. At the Ballard Locks, only 3% of the 248 sea lions marked in the nearby Shilshole Bay entered the Ballard Locks area in 1995 to feed on steelhead (NMFS 1996a). This indicates that removing pinnipeds from nearby areas may not be an effective solution to the problem of pinniped predation in local areas. 

Estimates of Salmonid Mortality Due to Predation  

In all but a few sites, information on direct mortality--how many pinnipeds (and whether they are seals or sea lions) are feeding on how many salmonids (which species of salmonid and whether they are adults or juveniles)--is unknown. In reviewing past data on pinniped food habits, seasonal pinniped and salmonid abundance and distribution, and salmonid mortality due to pinniped predation, the Working Group identified deficiencies that limited the use of such data in quantifying pinniped consumption of salmonids. In addition, information is lacking on changes in abundance or distribution of other salmonid predators (e.g., mackerel) which may affect salmonid populations and thus confound the effects caused by pinnipeds.  

Most food habits studies were not designed to estimate overall consumption or species-specific consumption rates, and results from such studies cannot be extrapolated to estimate salmonid consumption. Some studies were conducted at a time of year when salmonids were not present; consequently, salmonid importance in the annual diet is underestimated. Smolt predation was not represented or was underrepresented in most food habits studies because the otoliths of juvenile salmonids are fragile and quickly digested; therefore, they may not be identified in stomachs or scats. The occurrence of salmonids was also underrepresented in earlier food habits studies because only otoliths were used to identify prey species. Several studies using bones, teeth, gill rakers, and otoliths to identify prey species have noted that using only otoliths will underrepresent salmonids in the diet (Gearin et al. 1988b, Riemer and Brown 1996). At this point, even though the use of other hard parts besides otoliths provides better detection of salmonids in scats, it is not possible to identify what species of salmonid was consumed.  

Many of the pinniped food habits studies were conducted 10-20 years ago when salmonids, other fish, and pinniped population levels were quite different. Results from older studies may not be applicable to current conditions of increased abundance of pinnipeds and decreased abundance of many salmonid stocks. The year-to-year variation in salmonid abundance is an important factor in assessing impacts of pinnipeds. A constant number of pinnipeds consuming a constant number of salmonids will have a much greater effect on small or declining salmonid populations.  

Data were also lacking for an estimate of indirect mortality due to wounds inflicted by pinnipeds in unsuccessful predation attempts. The Working Group found that scarring data cannot be used to estimate salmonid mortality or actual rates of predation. However, pinniped scarring data does serve as an indicator of trends of exposure of salmonids to pinniped predation. Where time series of annual pinniped scarring rates can be compiled, they may be a valid indicator of changes in exposure of adult salmonids to pinniped predation in specific rivers and estuaries.  

Salmonid Consumption Estimates  

The Working Group did not attempt to estimate salmonid consumption by pinnipeds because they found the data available at present were inadequate. However, they did review recent estimates of salmonid consumption by California sea lions and harbor seals in Oregon made by Kaczynski and Palmisano (1992), as well as estimates of Snake River salmon consumption by harbor seals made by Chapman et al. (1991) and Park (1993). The Working Group found similar technical and analytical weaknesses in all three reports.  

Annual consumption of salmonids by California sea lions in Oregon was estimated by Kaczynski and Palmisano (1992) at 142.9 t (35,800 fish) based on the following assumptions: 1) a daily maintenance diet of about 6.8 kg for an adult male sea lion, 2) salmon comprises about 10% of the total biomass that sea lions consume, and 3) up to 2,000 sea lions are present for 3 months during migration and 200 sea lions overwinter in Oregon.  

Harbor seal annual consumption of salmonids in Oregon was estimated by Kaczynski and Palmisano (1992) at 816 t (204,500 fish) based on the following assumptions: 1) a daily maintenance diet of 2.7 kg per day for a 54-kg harbor seal, 2) salmon comprises 10.8% of the biomass that harbor seals consume, and 3) harbor seal abundance in Oregon was 10,000 in 1992. Chapman et al. (1991) and Park (1993) estimated harbor seal consumption of Snake River spring chinook using the same assumptions of average size, daily food intake, and percentage of salmon in the diet as Kaczynski and Palmisano (1992). Chapman et al. (1991) calculated that 2,100 seals in the Columbia River (over the 100 days when adult Snake River spring chinook are migrating) consumed 15,700 salmon (of which they assumed 3,000 were Snake River chinook). Park (1993) estimated harbor seals in the Columbia River consumed 22,558 salmon (of which 4,500 were assumed to be Snake River chinook) based on 3,000 seals present during the spring chinook run.  

ODFW (1992) reviewed the Kaczynski and Palmisano (1992) report and concluded that they failed to stratify analyses by location, species, and life histories of both salmonids and pinnipeds; inaccurately interpreted or reported scientific studies; and failed to analyze data using valid and sufficiently rigorous methods. The Working Group found that Kaczynski and Palmisano (1992) extrapolated their estimates from one or two site- and season-specific food habits studies to the entire state and failed to differentiate between species of salmonids.  

The Working Group found that Chapman et al. (1991) and Park (1993) made many of the same assumptions as Kaczynski and Palmisano (1992) in using data on another species from another area to estimate predation on adult spring chinook in the Columbia River. The Working Group noted that spring chinook had not been identified in the scats or stomach contents of harbor seals in the Columbia River (Beach et al. 1985, Brown et al. 1989) and, consequently, a predation rate cannot be estimated. Although there is pinniped scarring on adult spring chinook as a result of predation attempts by seals and sea lions, the Working Group found that it is unknown to what extent harbor seals are successful in predating adult spring chinook in the Columbia River and what proportion of the salmonids that may be taken by seals or sea lions are from the Snake River. 

Discussion of Ecosystem Impacts

Determining the impact of pinnipeds on the U.S. West Coast ecosystems is a complex assessment involving separating the effects of other predators (including commercial, sport, and tribal fishers), predator and prey population dynamics, disease, and changes in environment. Because California sea lions and harbor seals are opportunistic predators, their food habits change dramatically over areas, seasons, and years in response to changes in abundance and availability of their prey. These ecological interactions are complicated, and at this time there is insufficient information to evaluate whether pinniped predation influences prey populations in most situations. Consumption estimates require information on predators, including an age/sex structured model of seasonal distribution; energetic requirements based on mass and reproductive condition; annual, seasonal, and geographic variation in the percent (by weight) of prey in diet; and average energy density of prey.  Because of these and other constraints, the Working Group limited consideration of potential ecosystem impacts to annual biomass consumption estimates for harbor seals and sea lions 

 To derive overall annual consumption estimates, the Working Group made the following assumptions: the currently available pinniped population structure and abundance estimates are accurate, average size of different age and sex groups within the population are known, allometric scaling of energy requirements (i.e., consumption rates for large animals are lower than for small animals) from Innis et al. (1987) and Olesiuk (1993) are adequate to estimate biomass consumption, and available data on prey are representative. No assumptions were made regarding caloric density of prey, although it may have important effects on prey selection. 

The Working Group estimated annual biomass consumption as below.  Separation by prey species was not attempted.

Region
Predator Abundance
Total Annual Consumption (Metric Tons)

California Sea Lions

Lower Columbia River
29-290/month
390

Harbor Seals



Columbia River, Tillamook Bay and Oregon coast north of Yaquina Bay
4,174 year round
3,851

Pinniped Interactions with Commercial Fisheries

Loss of commercial catch to pinnipeds is most severe in salmonid gillnet and salmon troll fisheries (NMFS 1992).  Gillnet catches in Willapa Bay, Grays Harbor, and the Columbia River have had 4-23% of the catch damaged by pinnipeds (Scordino 1993).  Variation in loss is attributable to the annual variation in catch; as the catch decreases, the proportion of damaged fish increases.  Whether this relationship extends to total run size is unknown.

Control Measures

Up until 1995, commercial fishers were permitted to injure or kill a marine mammal that was causing immediate damage to their catch or gear so long as other nonlethal efforts had been attempted without success. Since the reauthorization of the MMPA in 1994, fishers and members of the public are permitted to use only nonlethal deterrence methods to prevent pinnipeds from damaging property.  Measures that have been tried or considered for reducing or eliminating pinniped predation on salmonids or minimizing interactions with fisheries are harassment, aversive conditioning, exclusion from selected areas, removal of offending pinnipeds, and pinniped population control. 

Effectiveness of Nonlethal Measures 

Past efforts by NMFS and WDFW at the Ballard Locks have been unsuccessful in finding an effective, long­term, nonlethal approach to eliminating or reducing pinniped predation on salmonids (NMFS 1996a). Some nonlethal deterrence measures appear to be effective initially or effective on "new" animals, but become ineffective over time or when used on "new" animals in the presence of "repeat" animals that do not react to deterrence. In situations where nonlethal measures are successful on "new" pinnipeds, lethal removal of the experienced/habitual predators combined with nonlethal deterrence of "new" animals may be an effective means of controlling pinniped predation on salmonids (NMFS 1996a). Further research on the development of new technologies and techniques is needed. 

Lethal Removal of Offending Individual Pinnipeds 

Lethally removing individual "problem" pinnipeds has been considered in many areas as a solution to problems that involve small numbers of pinnipeds. The lethal removal of all problem animals may not be necessary if limited shooting serves as a deterrent to other animals (NMFS and WDW 1989). The seal control technique used by the Fish Commission of Oregon from 1959 to 1970 involved working downstream in the Columbia River from a boat, shooting at every seal encountered. According to the seal hunter and many gillnetters, the seals became conditioned to the sound of his boat and would flee downstream (NMFS and WDW 1989). Beach et al. (1985) concluded that if this reaction could be replicated, the scaring of seals could prove to be more important for reducing fisheries interactions than killing the seals. 

Research Needs

Conservation of salmonid populations is a critical issue on the West Coast. To assess impacts of California sea lions and harbor seals on depressed salmonid stocks and other fish stocks and take appropriate action with pinnipeds where necessary to conserve salmonids, an extensive field research and management program must be designed to specifically address this problem. Research programs should include the following elements: 

1. Conduct coastwide survey efforts to determine seasonal distribution and abundance of California sea lions and harbor seals in areas where salmonids are present. The surveys must cover the periods of both smolt and adult migration in each area and should also determine what proportion of the pinniped population present is involved in salmonid predation. This information would identify all areas where there is potential for substantial predation and focus future research on those areas. 

2. Conduct pinniped food habits and mitigation studies in areas identified as having a significant level of co-occurrence of salmonids and pinnipeds. Food habits studies should occur during the salmonid runs. Sampling methods and methods of prey identification must ensure that salmonid remains are identified and consumption levels can be quantified. Studies may involve collection of pinnipeds to quantify salmonid consumption levels. Research should focus on sites where the effects of predation can be determined. 

3. Develop methods to identify salmonid hard parts according to species. At present, vertebrae can be used to easily distinguish salmonids from other fish, and some preliminary work has been done to separate steelhead smolt from other salmonids. Further research needs to be done to identify diagnostic characteristics of hard parts for each salmonid species for both adults and juveniles. 

4. Determine adult salmonid mortality due to wounds inflicted by pinnipeds during spawning migration. The correlation between scarring and predation is unknown, nor is it known if wounded salmonids have a higher mortality rate or a lower reproductive capacity than non-wounded salmonids. 

5. Develop a working model for pinniped consumption estimates. The model should take into account annual and seasonal changes in abundance of predators (fish and marine birds as well as marine mammals) and prey, and annual and seasonal changes in caloric density of prey species. Other sources of natural mortality on prey should be included in the model. 

6. Conduct foraging behavior studies of subadult and adult male California sea lions with instrumented animals to document migratory rates, time spent foraging or on land, and foraging areas (geographically and in the water column). This information can be used to estimate consumption of salmonids and other prey species by California sea lions throughout the migration area. 

7. Determine if pinniped predation is affecting the recovery of non-salmonid fish stocks (e.g eulachon in the Columbia River). 

Conclusions

The California sea lion and Pacific harbor seal populations are healthy, robust, and increasing. In contrast, most salmonid populations on the West Coast have declined significantly or are currently declining at significant rates. The Working Group found that concerns over the negative impacts of predation, particularly by pinniped populations that co­occur with depressed salmonid populations, are justified based on intense studies in some situations, such as California sea lion predation on winter steelhead at the Ballard Locks where California sea lions have had a significant negative impact on the recovery of a small salmonid population. However, for most sites of co­occurrence of pinniped and salmonid populations, the Working Group found there is insufficient information to determine whether the pinnipeds are currently having a significant impact on the salmonid populations. Of particular concern are areas where pinnipeds may be impacting salmonid populations that are listed or proposed for listing under the ESA. In spite of the lack of much directed research on pinniped impacts on salmonids, the Working Group found that existing information is sufficient to determine that pinnipeds can affect the recovery of depressed salmonid populations in areas of co-occurrence. 

The Working Group found that much of the information from past studies on pinniped-salmonid interactions was inadequate to estimate consumption and impacts on most salmonid populations. Studies of food habits of seals and sea lions show that the occurrence of salmonids varies among food habits samples, depending on when and where the studies were conducted, what kind of samples were taken, and how the samples were analyzed. One of the major problems with interpreting the existing food habits data is that few of the studies were designed to directly assess impacts of predation on specific salmonid populations. It is clear, however, that where salmonid populations are at low levels, and particularly where salmonid passage is restricted by man-made structures, such as at the Ballard Locks, pinniped predation can affect salmonid stocks. Even in areas without man-made passage constrictions, pinniped predation on small salmon runs can be substantial, such as harbor seal predation on 46% of the fall chinook run in the Puntledge River estuary in British Columbia. The predation issue that has received the most attention concerns adult salmonids returning to spawn. Nonetheless, reducing predation on juvenile salmonids, which is more difficult to observe and quantify, may be just as important a factor in reversing declining trends in some salmonid stocks. The Working Group concluded that additional research is needed to fully address the issue of impacts of pinnipeds on salmonid populations. 
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