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PREFACE

This document began as a literature search to complement federal hatchery evaluation
activities in Wastern Washington. Relevant articles were read and summarized for their
information on marine survival, The number of citations grew exponentially as papers and
bibliographies were sought and summarized. In traditional literature reviews, the conclusions
of several authors are paraphrased and grouped together in summary paragraphs. This can
lead the reader to be unsure of the source of certain elements in the summary paragraph.
Here | have chosen to present the interpretation of each author separately to allow you to
focus on the individual citation for further reading.

Only about 20 percent of the citations in the bibliography have been referenced in this text.
The overwhelming volume of published and unpublished literature on anadromous fish
survival limits the utility of documents such as this one for presenting complete information
and for being easily accessed. Personal interpretations of articles may also affect usage. We
are now assembling the components of an automated literature access and retrieval system.
Abstracts and documents relating to marine survival will be scanned and converted to
computer text files. Text retrieval software will allow rapid access to the scanned text in
response to user-defined queries. Any text files, including personal interpretations, like this
document, can be accessed. The capital costs of installing such a text retrieval system are
quickly recovered when compared to the costs of traditional labor intensive literature
searches,
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MARINE DISTRIBUTION
GENERAL

Over 95% of the juvenile salmonids caught in the nearshore Columbia River area were
subyearling chinook salmon. In the offshore area, steelhead were found only in late May and

early June and to the north of the river mouth. Chinook and coho had a fairly uniferm north- - -

south distribution and were predominately 6km to 25 km offshore {Dawley et al. 1981).

Purse seine sampling was conducted from May to September, 1980 off Oregon and
Washington from Tillamook Bay to Copalis Head. Spring chinook and steelhead were present
during early sampling, only in the Columbia River plume and to the north. Coho and fall
chinook were more evenly distributed and found thvoughout the sampling period.
Concentrations of fish were found only within 28km of the shore (Miller et al. 1983).

The nearshore distribution of first summer juvenile salmon in the Guif of Alaska results in
minimal overlap with older immature salmon, which are found further offshore. This also
minimizes contact with large predators such as albacore, pomfret, and jack mackerel.
Overlap occurs with returning adults, but predation on juvenile salmon is rare. This may be
due to swimming depths or feeding habits. Juvenile salmon migrate northwesterly in a
narrow coastal band, about 20 nautical miles wide {Hartt 1980).

All five species of salmon and steelhead hegin to enter the open sea by late June. Cohg,
chinook, and steelhead enter earlier than sockeye, chum, and pink. Southern populations
migrate earlier than northern ones. In the Gulf of Alaska, sockeye, chum, and pink occur
along the coastal belt from Cape Flattery to the eastern Aleutian Islands at least through
September. Coho and chinook also occur mainly in the coastal belt, but some coho and
chinook are well offshore by July. Steelhead are rare in the coastal belt, they apparently
proceed directly offshore at the point where they enter the ocean proper. Juvenile sockeye,
chum, and pinks do not scatter, but follow a definite migratory route. Washington, British
Columbia, and southeast Alaska stocks migrate northward relatively near the shore. Most
remain within a coastal belt less than 20 miles {32km) wide. In the northern Gulf of Alaska,
where the continental shelf is wider, they extend farther offshore. First salt and second salt
sockeye and chum show minimal overlap in locations. Little is known about migration habits
between late September and the following spring. Apparently the fish move far out to sea
and spread out over a wide area. In the coastal belt off southeast Alaska and Yakutat, first
salt sockeye, chum, and pink originate from southern populations to Puget Sound. First salt
coho and chinook extend to Kodiak Island and originate from as far south as California {Hartt
and Dell 1986).




CHINOOK

- Ninety-three percent of the coded wire tag marine recoverias of 1970 and 1971 brood spring

chinook from the Columbia River basin were north of the Columbia River mouth. Snake River.
and Deschutes River fish showed a high percentage {40% to 50% recovery) in Oregon and

California fisheries. For the respective broodyears, 63.8% and 68.1% of all recoveries were

from marine fisheries (Wahle et al. 1981).

Spring chinook are found offshore in their marine life while fall chinook remain relatively
inshore during their marine life (Healey 1983).

Fall chinook {ocean-type) tend to remain relatively inshore during marine life. Open-coast
stocks range further north and further offshore than stocks originating from inside or
sheltered coastal areas. Canadian sockeye range throughout the Gulf of Alaska. Sockeye
do not move south of the 15°C isotherm {Healey and Groot 1987).

Fall chinook (ocean-type) predominate in populations south of 569N, while spring chinook
(stream-type} predominate in inland and coastal populations north of 56 °N and in populations
far upriver. Spring chinook are associated with areas of "low growth opportunity™ {low
temperature or. photoperiod} or areas remote from the sea comparad to fall chinook (Taylor
1990).

Priest Rapids (Columbia River) upriver bright fall chinook tend to have a more northerly marine
distribution and a higher contribution to Alaska fisheries than other Columbia River stocks
{Vreeland 1989).

Sportsmen at Kachemak Bay and Lower Cook Inlet, Alaska caught immature chinook from
British Columbia (14 fish from Robertson Creek and Quinsam River hatcheries}, Oregon {12
fish from South Santiam SFH), and Washington {2 fish). {(Dudiak 1988).

Records of some Washington state hatchery mark recoveries :

Deschutes River: fish caught at northern Vancouver Island, mostly outside, but some
in Johnstone Strait, south to just south of Columbia River mouth. Most
recoveries were from the north,

Lewis River and Toutle River: mid-Vancouver Island to Fort Bragg, California.
Seemingly equal numbers north and south.

Minter Creek: northern Vancouver island, some Johnstone Strait, south to Fort Bragg,
California. About 60% north and 40% south

Kalama River: northern Vancouver Island, all outside, south to Newport, Oregon.
Most to the north.
{(Ellis and Noble 1959).

Kalama hatchery fall chinook were recovered in southeast Alaska fishery. Elokomin, Oxbow,
and Spring Creek fall chinook were not. Proportionately more Kalama fish were recovered
in the northern part of the sampling range than were other Columbia River stocks {Wordiund
et al. 1969).




COHO

Coho distribution was not correlated with sea-surface temperature, chlorophyll-a, salinity, or
Secchi depth. Strong northerly winds and strong upwelling tended to disperse juvenile coho
offshore and to the south. Fish were found closer inshore during periods of weak winds and
weak upwelling. The center of distribution shifted northward as summer progressed. Larger
fish were found farther north and farther offshore {Chung 1985).

Coho smolts from public hatchery, wild, and private hatchery stocks don’t mix with one
another when entering the ocean (Emlen et al. 1930).

Coho entering the ocean generally move south due to advection then actively move
northward. Subyearlings and yearlings both move northward. Many coho do not migrate
great distances up the coast but remain relatively near their region of release {Pearcy and
Fisher 1988).

Coded wire tagged coho from Oregon public hatcheries were all found north of their ocean
entry points. Washington coded wire tagged coastal coho were found north and south of
their ocean entry points. None were found south of Seaside, Oregon, at the Columbia River
mouth {Fisher and Pearcy 1985a).

Coded wire tagged coho were recovered south of their ocean entry points in May 1982.
Strong upwelling may have caused currents that brought the smolts southward. Some fish
tend to stay together during their downstream and early oceanic migrations. No net
movement relative to the ocean entry point was seen in June 1982. Northward movement
was seen by September. Washington origin fish migrated out of the sampled area. Chinook
showed a southern movement in May and a northward movement in June (Fisher et al.
1983).

The average catch location of coho from the Big Creek SFH (Oregon, Columbia River) 1981
release and the Coos Bay SFH 1984 release was geographically compressed with later release
dates (Mathews and Ishida 1989).

Coho from the Big Creek SFH {Oregon) 1966 release of two different release sizes were
recovered from fisheries both north and south of the Columbia River. There was a slight
predominance to the south {Johnson 1870).

Some juvenile ccho were resident in near coastal waters throughout the summer. By
September, all coded wire tagged coho and chinook collected were north of where they
entered the ocean {Fisher and Pearcy 1985b}.




CHUM, PINK, AND SOCKEYE

‘From tagging of fish in the ocean and recovery at site of homing - Washington chum range
to the northern Guif of Alaska, north of 57°N. Coastal coho were far-ranging, to
southeastern Alaska and out to 143°W, 47°N. Most returns were from Vancouver Island.
Chinook were tagged relatively close to their site of homing (French et al. 1975).

Canadian sockeye range throughout the Gulf of Alaska. Sockeye do not move south of the
15°C isotherm {Healey and Groot 1987).

In the Pacific, south of the Aleutian chain, sockeye were found most northerly, pink were
found most southerly, and chum were widely distributed. Immature chum and sockeye were
generally restricted to the more southerly waters and maturing fish to the north (French et
al. 1971).

MARINE MIGRATION

Random searching by returning adults, coupled with reactions to environmental cues provides
return rates similar to observed ones. "Map navigation” is not necessarily non-existent, but
may not be occurring to the degree some postulate {(Jamon 1990).

Returning adults use many different routes to return to common destinations. Pink salmon
travel according to temperature change information. Movements of juveniles and adults are
largely independent of currents. Homing is not considered to be random, near-random, or by
extensive searching of coastlines. Celestial compass orientation doesn’'t account for
observations. Some form of bi-coordinate navigation may be required (Neave 1964).

The presence or absence of the Sitka Eddy can influence the distribution of returning adults
and possibly migrating juveniles (Mysak 1986).

Coho re-entered spawning grounds during periods of nighttime rainfall. Chinook moved in
response to sharp drops in barometric pressure. Observations were made in receiving ponds
under conditions of little temperature change and no flow change {(Allen 1956}.

Steelhead movement during daylight hours was twice that during the night. Night movement
was associated with tidal currents. Mean travel depth was 1.6m. A mean of 72% of the
time was spent in the top one meter of water. Median time between dives to 5m {near the
halociine} was 9 minutes. No pattern of bimodal compass orientation was displayed
(Ruggerone et al. 1990},




MARINE MORTALITY

GENERAL

- Growth and survival during the first six months of ocean life was examined. Ocean limitation -
of production is unlikely unless only a small fraction of the total zooplankton production is
available to salmon {Walters et al. 1978).

The ocean montality rate is concluded to be somewhat constant at about 32% annually. A
Juvenile coastal mortality factor exists and is species and race dependent. Any adult coastal
factoer is of negligible influence on the total mortality rate (Parker 1962).

In the first 40 days of ocean life, 77 % of the pink salmon population died. In the remainder
of their ocean life, 18% of the original population died. This was 78% of those surviving
beyond 40 days. Five percent returned to freshwater as adults (Parker 1965).

In the first 40 days of ocean life, 59% to 77% of the pink salmon population died. In the
remainder of their ocean life, 78% to 95% of those surviving beyond 40 days died. The
intensity of mortality is greater during the early life in the sea (Parker 1968).

During the first 18 months of marine residence, the natural mortality rate of coho decreases
as weight increases. Seventy gram hatchery fish may be the optimal release size (Mathews
and Buckley 1976).

The marine survival of coho is strongly correlated with early ocean growth, as estimated by
spacing of the first five ocean circuli on the scales of returning adults. Marine survival and
early ocean growth were positively correlated with ocean conditions indicated by strong
upwelling along the northwest coast of Vancouver Island {Holtby et al. 1990).

High concentrations of the diatom Chaetoceros convoiutus caused mortality of chinook by
damage to gill epithelium. Concentrations over 5,000 chains per liter should be avoided
(Farrington et al. 1988).

The mortality other than landed catch due to pelagic gill-netting equals the catch for salmon
in the next-to-last year of ocean life. This mortality is about 25% of the catch in the final
year of life. Mortality from trolling is about 33% for coho and chinook. Shifting from ocean
trolling for Columbia River chinook to river fishing would increase total weight of the catch
between 63% and 98% (Ricker 1976).

Hooking mortality; the proportion of fish hooked, retrieved, and released that die as a resuit
of being caught and released for barbed hooks was estimated to be 0.30 for troll and sport
caught chinook and coho. A factor to convert rates from barbed to barbless is prohably 0.85
{Stohr and Fraidenburg 1986).

DENSITY DEPENDENCE

Survival rate and the proportion maturing are independent of stock abundance after age three.
Therefore, the mortality processes responsible for the independence act early in smolt life,
Smolt weight affects mean age at return {Peterman 1982a).




The mortality responsible for non-correlation of smolt-to-adult survival occurs in the first 15
months of marine life for Babine Lake sockeye. Depensatory mortality may occur during pink
salmon years due to a swamping of predators (Peterman 1982b).

Oregon researchers concluded that both density dependent and density independent mortality
occurs in the ocean. They rejected hypotheses of smolt quality (disease, nutrition, density,
time of release, genetic diversity, quality control), loss of natural production, riverine density
dependent mortality, and predominance of the declining Columbia River program (Mcintyre
1985).

The demonstration of coho smolt density-independent marine survival by Nickelson (1986)
was flawed by not considering the power of the test (# value} when accepting the null
hypothesis. There was an 81% chance of making a Type Il error, accepting a false null
hypothesis (Peterman 1989).

Density dependence probably occurs in public hatchery smolts at sea. Results were
determined using upwelling and sea temperature. The results are admittedly statistically
weak. Other papers on density-dependence are also not the "last word" {Emlen et al. 19390).

Density dependent survival was exhibited by a few stocks of the several examined (Paterman
1978).

Coho in Oregon did not show density dependence nor was a statistically supportable
technical maximum for smolt releases found {Clark and McCarl 1983}.

Wild coho stock recruitment was positively affected by parent stock level and river flow and
was negatively affected by parent stock density and hatchery smolt release. Hatchery stock
recruitment was positively affected by smolt release level and upwelling, and negatively
affected by smolt release density {Anderson and Wilen 1985}.

Chum size-dependent mortality was demonstrated to occur at 45mm to 55mm fork length,
when the fish move from very shallow water to an open water pelagic habitat (Healey
1982c¢).

Sockeye stocks in the Gulf of Alaska show decreases in adult body size and marine growth
rate when large numbers of sockeye are present. Density dependent effects are manifested
in early ocean life and are probably due to competition for food (Peterman 1984).

For cod and haddock, density dependent survival is more likely to occur during the early egg,
larval, and juvenile stages than during later stages {Jones 1973).




FREDATION

GENERAL

Fink and chum losses in freshwater have been as high as 50% in streams as short as 2 miles.
Predation on smolts by other species may be high in the estuary due to predators keying on
smolt entry. Once fish are dispersed in the marine environment predation appears modest.
The guestion remains, is there a large number of predators to compensate for their relatively
low (5-20%]) predation rates? Aquacuitural techniques include rearing on nocturnal feeding
regimes; releasing large numbers of fish at once; releasing smolts at night, during freshets,
and at high tide; and avoiding incompatible combinations of salmonid predators and salmonid
prey, such as coho and spring chincok preying on fall chinook or chum {Cardwell and Fresh
1979).

The mortality responsible for non-correlation of smolt-to-adult survival occurs in the first 15
months of marine life for Babine Lake sockeye. Depensatory mortality may occur during pink
salmon years due to a swamping of predators {Peterman 1982b).

Kestrels were shown to have a preference for ‘odd’ prey, ones that were different than those
encountered in previous experiences {Mueller 1975},

Predation rates increase as the trophic leve! approaches primary production {Dickie 1976).

A method is presented to compute a food preference index that is independent of prey
abundance {Paloheimo 1979).

Predators are normally operating on the low end of their functional response curves and are
capable of causing high mortality on larger prey populations. Competition among predators
is significant. A review of past data shows that maximum attack rates were not being
achieved. To account for certain observations, there is an influx of predators or a learning
component associated with predation {(Peterman and Gatto 1978).

For British Columbia coho - 17 years of data showed that interannual variability in smolt
survival was driven by ocean conditions that determined smolt growth rates which
subsequently affected the susceptibility of smolts to a size-selective predator (Holtby et al.
1990).

Coho, chinook, and pink salmon were attacked by the isopod, Rocinela belliceps pugettensis.

Death was caused directly and may cause increased predation by other species of fish
(Novotny and Mahnken 1971).

HATCHERY INFLUENCES

Prey that swim quickly, such as naive hatchery fish that wander, are more vulnerable to
predation. They expose themselves to more predators, which themselves move slowly
through their environment. The number of prey that enters a circle of radius R about a
predator is related to the prey density, prey speed, and predator speed (Cushing 1975).




Juvenile wild cod and captive reared cod showed different behaviors when confronted with
a predator (large cod). Reared cod remained further from the predator and were slower to
approach the predator. The wild cod exhibited what may have been "predator inspection
visits™. Reared cod are preyed upon most heavily during the first days after release (Nordeide
and Svasand 1990),

Hatchery coho and chinook showed a 50% increase in survival in the presence of a predator
(rainbow trout) after conditioning to avoid an immobile electrified plastic fish model.
Avoidance conditioning took 11 days with two 1-hour training periods per day (Thompson
1966}.

BIRDS

Approximately 94% of a total of 29,600 pairs of 12 bird species nest on 35 islands in the
San Juan Islands, Smith Isiand, Minor Island, Protection Island, and Tatoosh Island. The most
abundant breeding species are Rhinoceros auklet (60% of total) and Glaucous-winged gull
(24% of total). Nearly 240,000 Common murres are present in the Strait of Juan de Fuca
in the summer and fall {(Manuwal et al. 1979).

Northern Puget Sound and Strait of Juan de Fuca populations in 1978 and 1972 were:
Common murre 240,000
Rhinoceros auklet 36,000
Protaction Island is the most important bird breeding colony in the area (Kopenski and Long
1981).

Rhinoceros auklets at Protection Island number 34,000. Approximately five percent of their
prey biomass is juvenile salmon {(Manuwal 1977).

Gulis foraging below Wanapum Dam, Columbia River, consumed from 50 to 562 fish per
hour. The consumption rate was related to the number of fish passing through the turbines
and lighting conditions. It was estimated that gulls consumed two percent of the migration
past the dam (Ruggercne 1986).

FISH

Predator scars that were noted on first summer juveniles in the ocean were: lamprey, seal,
sea lion, shark, and other predatory fish such as daggertooth. The scarring rate was similar
to that observed on older age groups, thus the restricted distribution of juveniles did not
result in a high predation rate (Hartt 1980]).

Sockeye in Cultus Lake, British Columbia were preyed upon in proportion to their abundance.
Less than proportional predation may occur when sockeye numbers are low (Ricker 1941).

Covariation in the survival rates of age1 and age2 herring and juvenile coho salmon infers
that, since they are ecologically similar, similar predation factors apply to both species (Holtby
st al. 1990).

The increase in Oregon coho mortality in 1983 and 1984 may have been caused by increased
predation on coho due to decreased numbers of alternate prey for predators {Fisher and
Pearcy 1988).




HAKE, WHITING

Samples were taken from 1196 adult hake off British Columbia. Hake feed primarily at night.
Fish, primarily herring were of greatest importance in the diet of larger hake. Euphausiids
were found in 94 % of the fish sampled, Pacific sandlance in 26 %, Pacific herring in 5%, and
euchalon in 5%. Lanternfish, juvenile rockfish, northern anchovy, and pandalid shrimp were
found in three percent or less of the samples {Qutram and Haegele 1972).

Hake stomachs sampled off Washington and northern Oregon from spring to fall contained
mostly euphausiids by frequency and weight. Other food items found were fish and pandalid
shrimp. A high incidence of empty stomachs in late day captures suggests that hake feed
at night (Alton and Nelson 1970},

Hake prey off California includes red crab, euphausiids, shrimp, squid, anchovy, juvenile hake,
queenfish, sea perch, sanddabs, sole, and clams (Fiscus 1979}.

Hake and dogfish are responsible for high mortalities of juvenile salmon entering the ocean
in certain systems. Hake winter in Northern California waters and move north as spring and
summer water temperatures increase. Stomach samples showed that up 1o 50% mortality
of young salmon may be due to hake predation {Hyatt's work as reported by Doherty in
Pacific Fishing, November 1990).

Northern California Pacific hake and arrowtooth flounder stomach samples showed ocean
shrimp to be the dominant prey item. Vertical migration of hake may be due to nightly
vertical migration of ocean shrimp. Fish, primarily sanddabs, slander sole, and rex sole, are
a large part of the diet in November and December. No salmonids were identified in
stomachs {(Gotshall 1969).

Chinook entering Hood Canal from Hoodsport Hatchery were preyed on by hake, rockfish,
lingcod, sculpins, larger chinook in the cohort, and cutthroat trout (WDF 1959).

Whiting stocks have been fished up to the PFMC quota from 1980 to 1990, about 220
metric tons. The 1990 initiative of Alaska factory ships to fish whiting off California,
Oregon, and Washington could concentrate the current eight month fishery into three weeks.
Their harvesting capacity is great relative to the harvestable stock. This initiative would be
a reallocation to the Alaskan fishery of an existing fishery. Whiting spawn off Baja California
and migrate northward in the spring. They reach Cape Mendocino by April then move
progressively north to British Columbia. During the summer they presumably head offshore
into deeper water and may head south. The older, larger fish lead the migration. Ages
concentrated in the fishery are two, three, and four year olds. Fish may live up to ten years
{Peter Leipzig, pers. comm.).

The 1990 hake harvest off Washington, Oregon, and California was about 196,000 metric
tons. The 1991 quota is 228,000 metric tons, with 36,000 tons set aside for shore-based
fisheries and 192,000 tons for US factory trawlers). Factory trawlers intend to fish April and
May, when Alaska fisheries are closed to them (Pacific Fishing, January 1991).

Herring off the west coast of Vancouver Island reached an historic low in the late 1960s.
Levels in 1987 were near those lows. Juvenile herring survival is related to variations in hake
biomass. Sablefish and cod are also important predators, but hake are the most influential.
Sablefish had a strong 1977 year-class. Herring year-class strength is negatively related to
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sea surface temperature. It is possible that as waters warm, hake extend their range
northward, increasing their predation on herring. The combined calculated predation of hake,
sablefish, and cod can consume 29% to 54% of the adult herring biomass. The average
annual mortality of herring is 36% {Ware and McFarlane 1988).

The recent depression of herring stocks couid be the result of increased predation pressure,
maybe due to a range extension of hake in response to increasing water temperatures or an
increased abundance or predation rate of hake and other piscivores. The current biomass of
piscivores is sufficient to account for mortality of all age one and older fish. This indicates
the magnitude of predation that could focus on other species in years when herring are
scarce (Holtby 1989).

DOGFISH

Dogfish consume insignificant quantities of salmon, but over five times the 1977 commercial
catch of herring. Herring was 22% of the diet, euphausiids 14%, and molluscs 5%. Pray
was largely pelagic, with fish predominating in the winter and invertebrates in the summer.
Fish was more important as dogfish size increased. Annual consumption was five times
biomass for small dogfish and 2% times biomass for larger dogfish {Jones and Geen 1977).

COD AND POLLOCK

Cod use sight to detect food in the water column. Prey movement stimulated feeding but
was not essential when feeding on familiar prey. Cod have sophisticated odor detection
capabilities and can forage efficiently for buried food (Brawn 1969).

Tomcod in a population contiguous to an Alaska hatchery had an average of 3.5 pink salmon
fry per stomach. it is estimated that seven percent of the 1977 emigration could have been
eaten in April {Cooney et al. 1978).

Herring recruitment rates are strongly influenced by cod predation. The herring mortality rate
due to cod predation averages 75% per year. Northern British Columbia cod abundance
peaked in the late 1950s, and may have been responsible for the collapse of the herring
reduction fishery of the 1960s {(Walters et al. 1986).

Lingcod abundance in the Strait of Georgia declined from 1940 to 1980 to about 20%
(Ketchen et al. 1983).

Walleye pollock that were captured at an inmigrant fish trap on Admiralty Island, Alaska were
gorged on young coho, pink, and chum. From the observed state of digestion, the young had
been eaten while pollock were both in the trap and before entering trap. An average of six
salmon per fish was seen {Armstrong and Winslow 1968).

SALMONIDS

Early sea mortality of pink and chum is due to predation by juvenile coho. The coho pray
more heavily on the smaller pinks and chum, biasing the apparent growth rate of the
survivors. Chum have an advantage over pinks due to their earlier entry into the estuary and
larger initial size {Parker 1971).

Juvenile salmon were found in 2.8% of the stomachs of Dolly Varden examined in the Little
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Port Walter estuary, Alaska. Salmon accounted for 1.0% of total volume in those stomachs.
Other food items included capelin {49.7%/78.8%, frequency/volume), fish remains
{25.9%/2.3%),sand lance {18.9%/7.1 %), herring {16.1%/4.0%), polychaetes (5.6 % /4.7 %),
and crustaceans {11.8%/2.0%). Other fish with negative findings of salmon in stomachs
were: Pacific cod, walleye pollock, Pacific halibut, kelp greenling, rock greenling, and black
rockfish (Lagler and Wright 1962).

SCULPIN

Sculpin predation on coho fry was examined in Newaukum Creek, Washington. 9.2% of
torrent sculpin stomachs contained fry, 3.1% of reticulate sculpin stomachs contained fry.
Sculpin over 64mm were considered predatory-sized. Insects were the main prey item
(Patten 1962}.

Naive coho fry were preyed on more heavily by torrent sculpin than fry conditioned to
sculpins or mixed groups of naive and conditioned coho. The naive fry may have 'learned’
from the conditioned fry via a "transferrable reaction’ (Patten 1977).

Torrent sculpin removed 70% of coho salmon fry in stream aquaria on moonlit nights versus
24% on dark nights {Patten 1971).

LAMFPREY

Up to 1.9% of juvenile salmon (five species) showed evidence of river lamprey marks.
Attachment is dorsal, compared with ventral attachment of other lamprey species. Some
juveniles survive and have scars as adults (Roos et al. 1973).

A 92mm coho juvenile was found with a 162mm lamprey attached, above the lateral line and
over the anal fin. The lamprey was identified as a river lamprey, Lampetra ayersi, sometimes

incorrectly identified as L. fuvistilis (Withler 1955),

MARINE MAMMALS

Marine mammal population estimates in 1976 for Pacific populations, North America and
Alaska were:

California sea lion 4,000 north of California
Northern sea lion < 250,000
Northern fur seal 1,300,000
Largha seal 135,000
Harbor seal 315,000

Most marine mammat predation occurs after fish are captured on sport or commercial gear
in estuarine and river areas. The Northern fur seal preys on salmon throughout its range, but
only off Washington does salmon form an appreciable part of the diet. Salmon was a higher
percentage of the diet in winter than in spring. Pacific whiteside dolphin eat immature
salmon off the Columbia River. Predation on smolts is not documented except in the case
of beluga in Bristol Bay (Fiscus 1980).

note: the Northern sea lion is synonymous with Steller's sea lion, which was listed as
threatened 11/26/1990.
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Marine mammal population estimates for 1985 - Pacific populations, North America and
Alaska:

Dall’s porpoise 920,000
California sea lion 157,000
Northern sea lion 210,000
Northern fur seal 823,000
Largha seal 225,000
Harbor seal 302,000 (USDQC 1985).

Marine mammal minimum abundance estimates for 1991 :

California sea lion, CA,OR,WA 67,000

Steller sea lion 44,800
Northern fur seal, E.Bering 871,000
Harbor seal, WA,OR 12,390 (NMFS 1991).

Bering Sea fur seais did not recover as expected after the female harvests from 1956 to
1968. The failure to recover was not due to increased fisheries for walleye pollock and
herring. Poliock became a larger part of the seals’ diet while the fish size dropped. The
fishery removed the larger pollock which are cannibalistic, reducing predation on the younger
poliock, making them more abundant for the fishery and the fur seals (Swartzman and Haar
1983).

California sea lion prey include herring, anchovy, midshipman, hake, tomcod, jacksmelt,
croaker, rockfish, soles, and squid. The center of the Northern sea lion population is off
British Columbia. Their prey include lamprey, herring, salmon, hake, rockfish, sanddabs,
turbot, squid, and octopus. The Northern fur seal, North American population is estimated
at 1.2 million. Off California, the principal prey of fur seal are hake, squid, and anchovy. Off
Washington, the principal prey of fur seal are rockfish, herring, anchovy, squid, and salmon.
North Pacific Fur Seal Commission sampling showed no salmon as prey in the springs of
19568, 1959, 1960, and 1961. Salmon as prey were seen at 12.3% of totai volume in the
spring of 1964, 11.3% in 1965, 45.4% in 1967, and 22.7% in the winter of 1968. Off
British Columbia, principal prey were herring, salmon, sandlance, and rockfish. Salmon
represented 2.2%, 20.0%, 5.9%, and 12.1% of the total stomach volume for spring
sampling in 1958, 1959, 1960, and 1961 respectively (Fiscus 1979).

British Columbia harbor seal populations have been increasing at 12.5% per year from 1973
through 1988. The population growth rate is due to the end of historical kiils, and the rate
is not yet limited by population density. The 1988 population is estimated at 75,000 to
88,000 for all of British Columbia. Other regions of the northeast Pacific are reporting similar
increases (Olesiuk et al. 1990).

Northern Puget Sound and Strait of Juan de Fuca populations in 1978 and 1979 were:

Harbor seal 200+
Sea lion 300
Killer whale 80 {Kopenski and Long 1981).

The Washington state harbor seal population is roughly estimated at 5,000 before 1940 and
2,000 in 1972 {(Newby 1973).
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Sea lions and harbor seals consume salmon equivalent to about 2.5% of the annual
commercial catch. Herring consumption is about 4% of the annual commercial catch. This
level of predation is considered to have negligible effects on reducing existing fish stocks
(Spalding 1964).

SCHOOLING

Interactions between jack and anchovy were studied in a field enclosure in Hawaii. Single
predators were most successful at capturing isolated individual prey, and unsuccessful at
capturing individuals in schools. Schooled predators were most successful at capturing
schooled prey. The leading predator in a school was most successful at capturing isolated
or schooled prey. Larger predator groups were able to break up schools more quickly,
resulting in more prey becoming isolated. These prey were captured before schools reformed
or joining other schools. Schooling in prey reduces the time a visually orienting predator has
to align itself with an individual. Large prey schools may have evolved to satiate the feeding
capacity of schooled predators and decrease the probability that an individual will be captured
{Major 1978).

Schooling affords protection from predators. Frequency of detection by a predator is
inversely related to the number of individuals in the school. Once school size exceeds the
average consumption capacity of a predator, further increases in school size reduce the
frequency of prey-predator encounters {Brock and Riffenburgh 1960).

The survival value of schooling is demonstrated using search theory. Sight range is an
important determinant in whether prey is detected (Olson 1964).
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MARINE FORAGE

For coho from Big Creek SFH {Columbia River} and Coos Bay SFH, Oregon, survival was not
related to intraseasonal variability of the marine food supply (Mathews and Ishida 1989). -

The standing stock at a particular size can be related to the standing stock at another size
{Sheldon et al. 1877).

The natural mortality of herring increases with age of the fish (Skud 1962).

The marine climate was not favorable to herring in the 1960s. There was limited effect of
upwelling. The downward trend was reversed in 1970 (Wickett 1978).

Herring are an important prey for cod and hake {(Holtby 1989).

Under unfavorable conditions, the ocean food supply may be inadequate for all hatchery and
wild salmon entering the ocean. In such cases hatchery fish may undergo greater stress than
wild fish. Overstocking with hatchery fish could impair survival of both hatchery and wild
stocks (Anonymous 1990).

Sockeye stocks in the Guif of Alaska show decreases in adult body size and marine growth
rate when large numbers of sockeye are present. Density dependent effects are manifested
in early ocean life and are probably due to competition for food (Peterman 1984).

In the Pacific, south of the Aleutian chain, hexagrammid larvae were found in all waters
sampled. Hemilepidotus and Bathymaster larvae were found only in the northern areas {with
juvenile sockeye and pink). Myctophid larvae were found only in the southern areas occupied
by juvenile sockeye and chum salmon (French et al. 1971).

In pink salmon at sea, when the food supply was restricted, the first physiological response
was loss of lipid and moisture. Under prolonged starvation, protein was catabolized. Diurnal
fluctuation in body moisture was noted and was correlated with the diurnal feeding cycle
(Parker and VanStone 1966).




SALMONID FOOD HABITS

Coho and chinook can be a significant predator on Dungeness crab megalopae {(USFWS-COE
1986).

Troll caught chinook food habits near San Francisco were 29% Northern anchovy, 23%
rockfish, 15% euphausiids, 13% Pacific herring, 9% squid, and 4% crab megalopea.
Seasonal changes were seen. From February through March, herring predominated.
Euphausiids were dominant in April and May. In June and July, rockfish were the principal
prey. Anchovy wera common from August through November. In some cases, seasonal
changes ware associated with changes in location of capture. Size of prey was generally fish
over one-third their own length. Ocean caught salmon that were approaching maturity had
not stopped feeding, while fish caught in San Francisco Bay had almost ceased feeding
{Merkel 1957).

Juvenile salmon and baitfish in shallow sublittoral and near-shore pelagic waters, less than
20m, of Puget Sound ate calanoid copepods, euphausiids, brachyuran crab larvae, insects,
larvacea, and gammarid and hyperiid amphipods. Diets of chum salmon, herring, sand lance,
and surf smelt less than 150mm were similar, mostly harpacticoid and cyclopoid copepods,
suggesting that these species may compete for food. Juvenile chinook and coho less than
120mm ate mostly large crustaceans such as brachyuran crab larvae. Coho over 200mm and
herring over 150mm caught in more offshore pelagic habitats, over 20m, ate larger
crustaceans - euphausiids, amphipods, and brachyurans. Larger chinook in deep water ate
mostly herring. Chinook here would compete with other piscivores, such as pollock and
hake. Four species of salmonids consumed juvenile salmonids at low rates of predation.
Herring showed little preference for feed items, while chinook showed the highest level of
prey preference (Fresh et al. 1981).

Coho and spring chinook ate predominately herring and crustaceans around Vancouver Island.
Coho diet was more pelagic and varied than chinook captured in the same areas. Crustacea
were most important in early summer and fish predominated in later summer, Overall for
coho, herring was 72% of total volume and seen in 21% of the stomachs. These were
primarily herring age 3 and younger, which have not yet recruited to the herring fishery. Also
seen werg sand lance at 5% volume and 6% incidence. Crustaceans included the
euphausiids Thysanoessa spinifera, and Euphausia pacifica, gammarid and hyperiid
amphipods, young crabs and crab megalops, and occasional shrimps and copepods. Overall,
for chinook, herring was 72.5% of total volume and seen as a much greater percentage of
stomachs than in coho (over 21%). No trace of pilchards was found, which had been
reported by earlier studies done when pilchards were common off the British Columbia coast.
Larger spring chinook ate larger sized herring. Sand lance was 13.6% of volume.
Crustaceans included euphausiids at 10% of volume, young crabs and crab megalops, and
minor miscellaneous forms. A decline in herring stocks wouid not lead to decline in salmon
stocks, since salmon would switch to other prey items (Prakash 1962).

Juveniles sampled in the first ocean summer showed a variety of food types and quantities.

No fish caught were emaciated or starved, suggesting that the food supply is not a limiting
factor (Hartt 1980).
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At sea, pink salmon fed on amphipods and fish. Immature sockeye fed on crustaceans.
Maturing sockeye fed on euphausiids and squid. Coho fed on euphausiids, fish, and squid.
Steelhead fed on fish and squid. Chum stomach contents were too well digested to identify.
-Quantities present in stomachs suggested that feeding is more associated with availability
than feed preferences (LeBrasseur 19686).

During July, 1950 in the San Juan Island area stomachs of pink, chum, and spring chincok
contained 50% copepods, 26% dipterans, and 24% miscellaneous crustacea and
unidentifiable items. Fewer Diptera were present toward the end of July. The chironomid
species, Camptocladius pacificus (Spanistoma pacificaj, was the most common dipteran
{Annan 1958).

Small chincok from 7cm to 13 cm found in California nearshore waters had stomachs
containing small fish up to 4.5¢m and insects representing Hymenoptera, Diptera, Hemiptera,
_and Coleoptera and spiders. Itis hypothesized that offshore winds carried these terrestrial
arthropods out to sea (Snyder 1924).

HERRING ABUNDANCE

Strait of Georgia herring stocks were reduced about one half between 1973 and 1986 (Day
et al. 19886).

Herring recruitment and salinity levels are linked and follow a 6 year cycle. Itis possible that
following a stormy winter, which may cause high salinity, there is a longer spring
phytoplankton bloom. This enhances zooplankton and ultimately herring survival.
Recruitment is high following years of anomalous warming, but temperature is not related
{Mysak 19886).

Strait of Georgia herring abundance was high from 1935 to 1964. The reduction fishery for
oil and meal occurred in late fail and winter. Fish production was relatively unaffected by
fishing. The stock collapsed from 1964 to 1967, due to several yearclasses of weak
recruitment, increased efficiency of the seine fleet, and underestimation of declining
spawning escapements during the 1960s. Washington stocks were unaffected by the British
Columbia collapse in the 1960s, indicating that they are probably discrete stocks (Ketchen
et al. 1983).

Herring recruitment rates are strongly influenced by cod predation. The herring mortality rate
due to cod predation averages 75% per year. Northern British Columbia cod abundance
peaked in the late 1950s, and may have been responsible for the collapse of the herring
reduction fishery of the 1960s (Walters et al. 1986).

Herring off the west coast of Vancouver Isiand reached an historic low in the late 1960s.
Levels in 1987 were near those lows. Juvenile herring survival is related to variations in hake
biomass. Sablefish and cod are also important predators, but hake are most influential.
Sablefish had a strong 1977 year-class. Herring year-class strength is negatively related to
the sea surface temperature. It is possible that as waters warm, hake extend their range
northward, increasing their predation on herring. The combined calculated predation of hake,
sablefish, and cod can consume 29-54% of the adult herring biomass. The average annual
mortality of herring is 36 % (Ware and McFarlane 1988).
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Canadian herring fishery annual catches were:

metric

tons
before 1902 < 600
by 1907 9,000

1908-1919 25,000
1818-1927 78,000

19356 26,000 decline of dry salted herring market
1937-1946 100,000 meal and oil reduction fishery began
1947 156,000

1948-1965 190,000 except 1953 and 1958 due to industrial disputes
{Hourston 1980).

A major part of the catch fluctuation for Pacific herring is due to economic factors {Gordon
1955},

The California Current sardine and anchovy biomass declined between 1941 and 1951. From
1951 to 1969, sardines continued to decline but anchovy increased, to 2-3 times its 1941
biomass (Smith 1972).

A major spawning center for the northern subpopulation of northarn anchovy was found off
the Oregon-Washington coast, beyond the continental shelf. A wide range of spawning
biomass is probable; 100,000 to 1,000,000 metric tons. Spawning occurs from mid-June
to mid-August when coastal upwelling is peaking, water temperature is high, scuthern current
flow is at maximum, and daylength is long. These conditions are opposite to the conditions
when the California population spawns, during minimal upwelling, cold temperatures, and
shorter daylength, in January-April {Richardson 1981).

ESTUARINE DISTRIBUTION AND CONDITIONS
DISTRIBUTION

In an Oregon estuary coho and chum were present for two to three months, from March to
June. Chinook were present for 9 months, January and April to November (Myers and
Horton 1982).

Juvenile fall chinook stayed in Coos Bay about one month before entering the ocean.
Juvenile spring chinook stayed only about ten days (Fisher and Pearcy 1990).

Juvenile chinook may use the Nanaimo estuary for as little as two weeks. Fish are present
in the estuary for 2% to 4 months {Sibert 1975).

In Washington estuaries and Puget Sound juveniles of all species use neritic habitats, but

chum and chinook also use shallow sublittoral habitats. Chinook may reside up to six months
(Simenstad et al. 1982).
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In the Duwamish River estuary salmonids were found from mid-April through early June.
Abundance was related to releases from hatcheries. Chinook and chum are present for the
longest period. Chum oriented to the shallow shoreline. Chinook were present in both
shallow and deep water habitats. Chinook appeared to move inshore at night (Meyer et al.
1981).

In the Nisqually River estuary chum and chinook in April and May occupied nearshore areas
and tidal sloughs in the marsh. Later they moved to deeper water in the Nisqually Reach.
Chum entered the estuary about one month earlier than chinook (Pearce et al. 1982).

In British Columbia estuaries chum stayed in the estuary for two months in the early spring,
coho for two months in late spring, and chinook were present through spring, summer, and
fall. Pink and sockeye spend little time in estuary {Healey 1982b).

Chinook fry were found rearing in the Nanaimo River estuary in the intertidal zone. They
were present from March to July, but peak abundance was in April and May. Growth rate
was about 1.32mm per day or 5.8% of body weight per day. The average estuarine
residence was about 25 days. While in the estuary they fed on harpacticoid copepods,
amphipods, insect larvae, decapod larvae, and mysids. After leaving the estuary, they fed
mainly on juvenile herring {Healey 1979}.

CONDITIONS

Otoliths were examined with water temperature, population density, and benthic standing
crop data. The growth rate of juvenile chinook dropped during their midsummer estuarine
residence. This may have been due to decreased food conversion efficiency during the warm
midsummer period. Freshwater otolith rings showed that fish which hatched relatively late
spent less time in fresh water before entering the estuary (Neilson et al. 1985).

High spring runoff in the Columbia River enhances salmon survival. Runoff has been low
since the middle 1970s (Anonymous 1990).

At the lowest levels of salinity increase in estuaries, a great number of chemical and
biological reactions occur in the entering fresh water. pH drops to minimum at 0.5ppt salinity
then increases as salinity increases. Many of the chemical reactions are related to the pH
dynamics (Morris et al. 1978).

Algal blooms in Puget Sound occur in late April or May and recur throughout the summer,
Rarely, and only briefly, does nitrate become exhausted. Phytoplankton growth is limited by
vertical advection and turbulence, rapid horizontal advection by sustained winds, sinking of
algal cells, and underwater light intensity which is affected by self-shading and inorganic
particles. The high primary productivity of Puget Sound is due to intensive upward transport
of nitrate by the estuarine mechanism {(Winter et al. 1975).
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The major processes controlling phytoplankton production in Puget Sound are high solar
insolation and stability of the water column due to high runoff during neap tides. These
conditions usually appear in late April or early May and cause blooms throughout the spring
and summer. The intensity of biooms varies with the degree of mixing caused by runoff, -
winds, tides, and solar insolation. QOnly rarely does nitrate fall to limiting levels, and then only
for periods of one to three days. In the summer, thermal stratification tends to result in a
more stable water column. Nutrient levels in 1975 were similar to those measured in the
Sound since 1932 {Campbell et al. 1976}.

ESTUARINE FORAGE BASE

The estuarine diets of pink and chum are similar. Epibenthic harpactcoid copepods were the
chief pray of both species in Puget Sound. Pinks preferred invertebrate eggs. Chum
preferred gammarid amphipods and harpacticoids {Kaczynski et af. 1973).

Pinks and chums ate mostly planktonic copepods and larvacea {Oikopleura spp.). Coho ate
mainly herring larvae and sand lance. Sockeye ate both plankton and fish. Pink and chum,
in the presence of abundant forage, showed spatial preference for copepods in southern
Chatham Sound to larvacea in northern Chatham Sound (Manzer 1969).

Food requirements are a small percentage of the total standing crop and annual production
of prey, but a high proportion of preferred prey is sometimes taken. Major prey tend to be
detritus feeders, thus the food web is detritus based {Healey 1982b).

Duwamish River estuary salmonids preyed on chironomid adults and larvae, gammarid
amphipods, and harpacticoid copepods. Steethead preyed heavily on the epibenthic mysid
Neomysis mercedis. Epibenthic invertebrates and chironomids were more important to
smaller salmonids, while larger fish consumed more planktonic prey like calanoid copepods
(Meyer et al. 1981).

Chinook fry were found rearing in the Nanaimo River estuary in the intertidal zone. They
were present from March to July, but peak abundance was in April and May. Growth rate
was about 1.32mm per day or 5.8% of body weight per day. The average estuarine
residence was about 25 days. Estuarine feed was harpacticoid copepods, amphipods, insect
larvae, decapod larvae, and mysids. After leaving the estuary, they fed mainly on juvenile
herring (Healey 1979).

Nisqually River estuary chum under 70mm ate mostly epibenthic crustaceans while those
larger than 70mm ate pelagic crustaceans. Smaller chinook ate dipteran flies and spiders.
Larger chinook preyed on crustaceans. Coho ate primarily juvenile fishes (Pearce et al.
1982).

Chum eat epibenthic and interstitial harpacticoid copepods during the first weeks of estuarine
life. Harpacticoids preferentially eat heterotrophic food sources such as bacteria (Sibert et
al. 1977).

Chum salmon juveniles were collected off Nanaimo in July and August, 1950. As fish size
increased diet shifted from mostly terrestrial insects to small crustaceans to young herring.
Oniy juvenile coho stomachs contained any aquatic insects, midge pupae which could not be
identified as marine or freshwater (Foskett 1951).
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Intertidal Chironomidae on the British Columbia coast are Paraclunio alaskensis, Saunderia
pacificus, 8. marinus, and S. clavicornis. Distribution is in clumped groups in exposed and
protected rocky shores. S. clavicornis is the most ubiquitous, S. pacificus is the rarest. -
Adult emergence is most intense in the fall and least intense in the late spring and summer. -
(Morley and Ring 1972).

Columbia River juveniles migrating past Jones Beach were actively feeding during migration
(Dawley et al. 1981).

Columbia River coho prey on amphipods in the estuary and insects in the river (Durkin 1982).

Calanus plumchrus did not feed during the last seven months of their life cycle. Juvenile
growth occurred from March to July. Growth rate was 10.6% per day (Fulton 1972},

MARINE ENVIRONMENTAL TRENDS

The mean annual air temperature rose from 1320 to 1940 then declined to 1950 at San
Francisco; New Westminster, British Columbia: and Masset, British Columbia. Winter ocean
temperatures show similar but not identical trends. Short term correlations were established
between winter temperature and:

1) Petrale sole abundance 6 years later {positive),

2) rock sole abundance 5 years later (negative),

3) strength of lemon sole year-classes (negative),

4) halibut catch per unit effort 10 years later (positive, southern grounds),
5) halibut catch per unit effort 12 years later (positive, western grounds),
6) blackcod abundance (inversely).

No relation was seen between temperature data and the abundance and distribution of true
cod (Ketchen 1956).

Environmental patterns are responsible for as much as half of the fluctuation in catch for
many Gulf of Maine species. Considering total fish biomass, the Gulf of Maine was in
equilibrium from 1940 to 1959. Changes in species abundance was due to fishing pressure
and oceanic climate changes (Sutcliffe et al. 1977).

In the Fraser River system, sockeye and pinks that enter the ocean in the same year show
a correlation in adult size, suggesting that they encounter comparable conditions in their early
marine life {Ricker 1982).
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EL NINO - SOUTHERN OSCILLATION (ENSO}

Sea surface temperature off the Pacific Northwest coast was more than 2°F above normal
in last two weeks of March, 1983 and more than 4°F above normat off Northern Vancouver
Island. The warm period of 1957-58 was more intense and lasted longer off southern
California than the warm periods of the 1970s. The January 1983 profile resembles that of
January 1958. The 1957-58 warm period lasted 18 months, and the 1972-73 and 1976-77
periods lasted 12 months (Squire 1983).

During El Nifio of 1982-3, maximum temperature anomalies came in April 1983 and declined
slowly. Off Washington, the anomaly peak was about 1.6°C, lower than the 1958 peak of
about 2.5°C, which declined faster than the 1983 peak. Anomalously warm water extended
200km to 250km offshore and to depths of 500m. Subsurface anomalies to 100m were as
great as those at the surface, indicating a very large water mass. Puget Sound did not
experience surface temperature anomalies, as it did in 1958. Sea level height anomalies
peaked in February 1383, were stronger than the 1958 event, and were comparable to the
1941 event. The summer of 1983 was moist and cool, the summer of 1958 was warm and
dry. Upwelling was weak during 1982-3, thus production was probably low, though this was
not documented. Herring abundance was low, low breeding success was seen for some fish-
eating birds, and coho landed off California, Oregon, and Washington were smaller.
Groundfish catches seem to have been unaffected, due to their life below the thermociine.
Salmon catch in 1983 off California, Oregon, and Washington was very poor. The catch off
of Alaska was a record high. The British Columbia catch was mixed. Historical data for
Washington coho landings show sharp declines in 1942 and 1958-60. Chinook landings also
dropped, but not as severely as cocho. Oregon chinook were about 25% smaller than
average, coho about 50% smaller than average (Fluharty 1984],

Fifty years of British Columbia temperature measuremeants show evidence of a large scale
warming trend. Temperatures show coherence with global air temperature variations but no
relationship with the El Nifio/Southern Oscillation signal {Freeland 1990).

Strong El Nifio events occurred in 1940-41, 1957-58, and 1972-73. Very strong El Nifio
events occurred in 1891, 1925-26, and 1982-83. An average period of 3.8 years is seen
between moderate, strong, and very strong events. This period relates well to the Southern
Oscillation period. Some relation is established with El Nifio events and long-term {10 years
or more} climatic change. Clirmatic changes were seen during 1864-91 and 1925-32 {Quinn
et al. 1987).

Increases in sea level associated with El Nifio are of higher magnitudes at middle latitudes.
This rise in sea level is associated with a lowered barometric pressure. In this century, the
trend has been for higher sea levels, stable temperature, and lowered surface salinity. Fraser
River sockeye were positively influenced by ENSO events, southeast Alaska sockeye were
only marginally correlated with ENSO. During the mature phase of an ENSO, the southward
California Current is reduced and the northward flow from Oregon to Alaska is increased.
One theory holds that if the thermocline in the eastern Pacific lies below the depth of the
continental shelf, ENSO is less likely to propagate to latitudes above 15°N. Conversely, if
the thermocline is shallow and falls on the surface of the continental shelf, the ENSO can
move to higher latitudes. The propagating mechanism can be deflacted to the west from its
northward path if the thermocline intersects the surface at the 15°C isotherm, usually seen
at about 30°N. This theory was broached during the 1982-3 ENSO event. Another theory
links sea surface temperature anomalies in the north Pacific with atmospheric cell
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circulations, related to winter atmospheric pressure associated with the Aleutian low pressure
system {Mysak 1986).

Effects of El Nifio are caused by lowering of the thermocline. With a lowered thermocline, -
plankton are distributed lower in the water column and do not receive as much light as when
restricted to upper layers, reducing photosynthesis. Inorganic nutrients below the
thermocline become trapped out of the reach of the well-lit upper water layers. The 1982-
1983 event saw a 4°C temperature rise in 24 hours at Paita, Peru. Upwaelling still occurs,
but in @ much narrower coastal band. Central ocean gyres are typically oligotrophic.
Biological effects are caused by food web disruption, beginning with the primary producers.
Consumers are then affected by reduced production of prey organisms {Barber and Chavez
1983).

Columbia River coho returns in 1983 showed effects of El Nifio. There were low survival
rates, smaller adults, and sex ratios were predominately male (Mathews et al. 1985).

Fall chinook from the Spring Creek NFH broodyears 1980 and 1981 contributed more heavily
to British Columbia fisheries {44 and 43% respectively) rather than to Washington fisheries
as in other years. The 1978 and 1979 broods contributed at 37% and 39% to British
Columbia fisheries. This northerly shift appears related to El NiNo. Southern British Columbia
hatchery stocks and Oregon coastal rivers suffered a negative impact (Vreeland 1989).

SEA SURFACE TEMPERATURE and SALINITY

A fish size decrease in populations of Pacific salmon was not correlated with ocean
temperature or salinity records. However, at lower temperature sockeye were larger (Ricker
1981).

During the summer of 1990, warm ocean temperatures off northern California effectively
limited commercial fishing success (commercial fisherman’s testimony to PFMC, 11/14/90).

British Columbia sea level, surface temperature, and salinity fluctuate in a five to six year
cycle that is coherent with regional herring recruitment and annual sockeye catch (Mysak
1986).

United States temperature and precipitation time series records from 1895-1987 were
analyzed using Spearman rank and two-phase regression. Results indicate that overall trends
are near zero. The only evidence for a trend is higher fall precipitation in the contiguous
United States from 1970 to 1987 {Hanson et al. 1989).

High catches of butterfish in the Guif of Mexico were associated with satellite detected sea-
surface temperature fronts {Herron et al. 1989).

Murres aggregated near an oceanic front off the Pribilof islands during 1977 and 1978,
presumably due to increased food availability. Northern fulmars and auklets were unaffected
by the front (Kinder et al. 1983).

Albacore and skipjack feeding was correlated with temperature fronts with associated high
productivity and prey abundance, as detected by satellite imagery (Fiedler and Bernard 1987).
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Albacore concentrations were detected at fronts of blue oceanic water pockets intruding into
cooler, greenish coastal waters (Laurs et al. 1984).

At the lowest levels of salinity increase in estuaries, a great number of chemical and
biological reactions occur in the incoming fresh water. pH drops to a minimum at 0.5ppt
then increases as salinity increases. Many of the chemical reactions are related to the pH -
dynamics (Morris et al. 1978).

In the northeast Pacific, betweean 100 and 200 meters, there is a strong halocline (salinity],
with constant temperature within that halocline {Fieming 1958).

Juvenile Pacific salmon are able to use estuarine salinity gradients as one of the directive
cues in seaward migration (Mclnerney 1964).

Chum fry within an estuary actively selected fraesh water on ebbing tides, day and night
{Mason 1974).

Chum and pink fry responded positively to isotonic and hypertonic solutions of seawater.
Coho fry responded positively to isotonic solutions. During smoltification, coho responded
positively to hypertonic solutions (Houston 1957).

From 1912 to 1980, there has been a slight decrease in the size of adult sockeye. Size was
not correlatable with mean salinity. A negative correlation was seen between fish size and
ocean temperature. The recent trend is for cooler ocean temperatures, contradicting the
observation of smaller fish size {Ricker 1982).

Coho distribution is not associated with surface salinity {Chung 1985).

OCEANIC CURRENTS and UPWELLING

Along the Oregon coast in winter the alongshore flow is northward and independent of depth.
In the spring the fiow is southward at all depths, but stronger near the surface. In the
summer the surface flow is southward and the deep fiow is northward. The southward
surface flow forms a coastal jet and the deep northward velocity increases with the distance
offshore {Huyer et al. 1975).

The California Current runs in a band 300km to 800km {186 to 497 miles) off the Oregon
Coast. The Davidson Current flows inshore of the California Current. In spring and summer,
the Davidson Current fiows southward, driven by northerly winds. In fall and winter, the
Davidson Current flows northward. Upwelling occurs during the southerly Davidson Current
flow, out to about 10 km (6 miles) from shore. Upwelling is sporadic, depending on winds,
and may occur for a day or two, or for consecutive weeks, as is the usual case in July and
August. Offshore surface waters are warm, up to 17°C. Off the Oregon coast, plankton
abundance was low in 1971 (relative to 1969 and 1970), a year of reduced coastal
upwelling. The reduced upwelling is linked to low growth for shrimp, coho, and razor clams
{Peterson and Miller 1974).
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In the California Current System, active upwelling is restricted to a narrow coastal band from
10km to 25km wide. The region influenced by the upwelling is much wider. Studies off
Oregon show a southward coastal jet at the surface, a mean vertical shear, a poleward
undercurrent atong the bottom, and persistently sloping isopycnals (equal density zones) over .
the continental shelf. Most upwelling off Oregon occurs during short periods, several days
long, when the winds are favorable {Huyer 1983).

A )et-like undercurrent over the continental slope exists off Washington (Hickey 1979).

In a coastal upwelling event observed off Oregon in July 1973, the active upwelling zone was
about 15km wide (Halpern 1976).

The survival of hatchery and wild coho smolts in the Oregon Production Area is related to the
degree of upwelling and sea-surface temperature (Nickelson 1986).

Upwelling of cool deep water favors abundance of plankton prey and enhances salmon
survival off the Columbia River. Warmer water and reduced upwelling, the predominant
conditions from 1977 to 1986, are unfavorable for survival {(Anonymous 1990).

There is a high correlation between the catch of wild adult Oregon coho and the degree of
upwelling seen from April to June and the freshwater streamflow during the freshwater
growth period (Scarnecchia 1981).

Coho growth, condition and stomach fullness in early summer of the first ocean year was
similar in 1983 and 1984, which were years of low survival and low early upwelling, to
1981,1982, and 1985, which were years of higher survival and higher sarly upwelling. Year
class success was probably determined early in the summer, soon after most juvenile coho
entered the ocean. Growth rate selective mortality was not demonstrated. The increase in
mortality in 1983 and 1984 may have been due to increased predation on coho due to
decreased numbers of alternate prey for predators (Fisher and Pearcy 1988).

Some degree of ocean upwelling occurs off the west coast of Vancouver Island (Olson
1978).

The numbers of organisms found in Subarctic waters are much greater than those found in

Intermediate, Central, or Tropical water masses. A greater intrusion of Intermediate waters
off southern British Columbia and Washington reduced inshore samples by 90% (Aron 1962).
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COMPETITION

For Puget Sound hatchery coho, summer streamflow during freshwater rearing shows a
strong positive correlation with marine survival after release. It is suggested that the
streamfiow influenced natural production, thus an abundance of stream produced smolts
enhanced the survival of hatchery smolts released the same year {Olson 1978).

Pink and chum interact to limit the numbers of one another. Chum influence pink on the
spawning grounds. Pink influence chum in the early marine environment (Gallagher 1979},

Sockeye stocks in the Gulf of Alaska show decreases in adult body size and marine growth
rate when large numbers of sockeye are present. Density dependent effects are manifested
in early ocean life and are probably due to competition for food (Peterman 1984).

POPULATION TRENDS

For many Pacific salmon populations, fish size declined between 1951 and 1975 and then
increased somewhat between 1975 and 1981 (Healey 1986).

Alaskan salmon populations were low in the 1950s and 1960s, but have risen since the mid-
1970s. Columbia River chinook and coho populations declined since 1976-77 and through
the 1980s (Anonymous 1990).

British Columbia chinook stocks are believed to be overexploited. Relative to conditions in
1951 coastwide catch has doubled; age composition has not changed; landings have
increased for trollers, seiners, and sportsmen but not gilinetters; and the average fish size has
halved (Healey 1982).

The average size of chinook has been declining since at least 1920. Part of the decrease is
due to the use of trolling gear, harvesting fish before they have completed their ocean
growth, often before reaching their final ocean year. Concurrently, the average age of
spawning fish has been reduced, since fewer fish are alive to complete maturity. Since age
at maturity is a partly heritable trait, the genetic basis for late maturation may be
deteriorating. This further affects the reduction in size. Selective fishing by both gillnetters
and trollers may have disproportionately reduced the abundance of stocks of large-sized fish.
No evidence exists that the ocean environment has contributed to the downward trend in
chinook size. Fish size has decreased during the period of ocean warming up to 1940, and
during the cooling period that has occurred since then {Ricker 1980).

Marine survival rates of Puget Sound hatchery coho increased from the late 1960s to the
middle 1970s {Olson 1978).

The average survival rate of Columbia River hatchery coho declined from about 7% to 2%
during the 1970s {Mathews et al. 1985).

The spring chinook adult return rate to Carson NFH, Leavenworth NFH, and Rapid River SFH
{ldaho) decreased from about 0.45% to 0.15% from 1965 to 1978. In the Oregon
Production Area from 1961 to 1980 more hatchery smolts were released and fewer adults
were produced (Mcintyre 1385).
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Fall chinook survival in the Columbia River peaked in 1967 and began a steady decline in the
late 1960s or early 1970s. Both wild and hatchery fish were affected by the decline. British
Columbia hatchery stocks have undergone a decline during the same period (Vreeland 1289).

Pink population sizes are determined by compensatory {density dependent positive),
depensatory {density dependent inverse), and extrapensatory (density independent} mortality.
Compensatory mortality occurs during spawning and incubation. Depensatory mortality
occurs during fry migration and is due to predation. Extrapensatory mortality occurs at any
stage {Neave 1953).

From 1912 to 1980, there has been a slight decrease in the size of adult sockeye. Size was
not correlatable with mean salinity. A negative correlation was seen between size and ocean
temperature (Ricker 1982).

California sardine populations are rebuilding. Some sardines have been reported off the
Oregon coast. The historical range was from Baja California to British Columbia. Harvests
in Japan have risen from 57,000 to 5,000,000 tons since 1971 {National Fisherman - West
Coast Focus, March 1991}.

in the 1982 fishing season off British Columbia, hake yearclasses from 1970, 1973, and
1977 were dominant. Total landings off Canada were:

1978 6,467 mt

1979 12,435 mt

1980 17,661 mt

1981 25,091 mt

1982 32,209 mt (Beamish and McFarlane 1985).

US landings of hake were:

1978 3,000 mt

1979 13,000 mt

1980 41,000 mt

1981 45,000 mt
The increased shrimp catch off the Washington ,Oregon, and California coast since the
beginning of the hake fishery in 1966 could be due to increased shrimp production as a result
of decreased hake predation on shrimp (Francis 1983}.

MANAGEMENT STRATEGIES

Hatchery coho were stocked into streams with wild populations. Unstocked streams were
also monitored. Wild juveniles apparently were displaced in the stocked streams. Returns
to both types of system were similar, but the stocked fish returned earlier. Despite similar
numbers of adults, fewer juveniles were recruited in the stocked systems. The conclusion
is that the earlier spawn timing of the hatchery stock resulted in the failure to establish
enhanced populations (Nickelson et al. 19886).
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Chinook juvenilas should be protected from fishing if a maximum vield in pounds is desired.
The vield cannot be increased by minimum size regulation due to direct injury and
‘hyperactivity’. The most feasible alternative to minimum size regulation is temporal and
spatia! restriction of the fishery to known concentrations of maturing fish, with the
encouragement of non-size-selective gear {(Parker 1360).

Ccean fishing apparently reduced the number of 1962 brood fall chinook returning to Kalama
Hatchery by 70% and the weight yieid by 25%. For the 1961 brood the reduction was 50%
of the numbers and 19% of the weight yield {Henry 1971).

Fin-clipped chinook were smaller, matured later, and had much poorer survival than unclipped
fish. Less than one percent of all marked fish were alive at the beginning of the third year,
when they became available to ocean fisheries {Cleaver 1969).

FISHING CATCH AND EFFORT

In British Columbia in 1984, despite quotas and a reduced season length, neither the catch
of chinook nor the effort was reduced. The catch exceeded the 1984 quota and the 1983
catch. Quotas severely restricted catches off Washington and Oregon. The 1984 troll catch
of chinook in Washington was 40% of the 1983 catch. A reduction of over 70% in Alaska’s
fishing season resulted in only 30% reduction in catch (Vreeland 1989).

During El Nifio of 1982-3 the salmon catch in 1983 off California, Oregon, and Washington
was very poor. The catch off Alaska was a record high. The British Columbia catch was
mixed. Historical data for Washington coho landings show sharp declines in 1942 and 1958-
60. Chinook landings also dropped, but not as severely as coho. Oregon chinook were about
25% smaller than average, coho were about 50% smaller than average {Fluharty 1984).

MODELLING

A muiltiplicative, log-normal distribution is most consistent with the random variation seen in
stock-recruitment relations (Peterman 1981).

Optimal harvest rates for mixed stocks can be calculated using stochastic dynamic
programming (Hilborn 1976).

Classically defined maximum sustainable yield exploitation rates are close to the rates that
would cause a drastic decrease in the population. Catastrophe theory is discussed with
reference to harvesting multiple stock salmon systems {Peterman 1977).

Fish size and average age has generally declined due to selection by fishing gears and
harvesting strategies. Coho and pinks are most affected, followed by chinook, then chum
and sockeye {Ricker 1981).
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Exploitation rates for maximum yieid and stock collapse depend on a stock’s maturity
schedule. They are low for a late maturing stock and high for an early maturing stock. There
is a probability of stock collapse in a fully exploited mixed stock fisheries. Management
research should focus on obtaining better estimates of the Ricker o parameter. Female
chinook, which rmature at older ages, suffer higher cumulative fishery removal rates than
males and decline in abundance more rapidly as exploitation increases {(Hankin and Healey
1986).

A model suggests that the variability in the harvest of adult Hokkaido chum and Oregon coho
is related to the number of smolts entering the ocean. The more smolts, the greater the
variability in harvest. Previous inferences about density dependence may be incorrect
{McCarl and Rettig 1983).

In determining Oregon coho smolt density independence, limiting factors regression technique
gave the best results of several models tested (Clark and McCarl 1983).

The population dynamics of wild and hatchery coho were estimated using pooled time-series
and cross-sectional data with Breverton-Holt and Ricker models {Anderson and Wilen 1985).

Biased parameter estimates for stock-recruitment curves can come from using time series
data. Bias can be determined using Monte Carlo simulations (Waiters 1985).

A simple population model questions the assumption in fisheries management that stocks
have a natural persistence {Steele and Henderson 1984).

The limit-mean model is introduced to analyze Ricker, Fredin, and Cleaver models. A wide
range of bias is observed. The limit-mean model performs best when offshore catch is
known {Lander 1973).

Dynamic programming is useful for evaluating alternate escapements {Walters 1981).

SMOLTIFICATION
MIGRATION

Columbia River yearling chinook, steelhead, and coho showed migration peaks in early May
at Jones Beach. Subyearling chinook showed three peaks in April, May, and July.
Movement rates to the estuary generally increased with increasing river flow and fish size
(Dawley et al. 1982).

Columbia River hatchery reared chinook, coho, and steelhead peaked in passing Jones Beach
{river km75) during the first two weeks in May. Numbers of subyearling chinook were related
to hatchery releases. Wild yearling chinook migrated past Jones Beach from late March to
late June. Subyearling wild chinook migrated past Jones Beach from late May through
September. Columbia River juveniles migrating past Jones Beach were actively feeding
during migration {Dawley et al. 1981).

Coho smolt migration occurred during full moon during a period of maximum low tide
between sunrise and sunset. No relationship with stream discharge or temperature was seen.
Fry exhibited similar patterns (Mason 1975).
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Coho salmon raised at a high rearing density showed a reduced plasma thyroid hormone level.
There was no effect from water inflow rate. Rearing density and water inflow affected
- plasma cortisol and Na,K-ATPase with varying effects. Lowering the rearing density from
high to low 2 weeks before sampling lowered plasma cortisol to levels seen for fish reared
at low density, but with no effect on thyroxine or Na,K-ATPase (Patifio et al. 1986).

Coho reach the upper Columbia River estuary between late April and early June with peak
numbers batween May 6 to May 17. Large fish migrate before small fish. More migration
occurred during daylight {Durkin 1982).

Pre-smolt coho transferred to seawater had parr-marks and lower condition factor than
smolts. Pituitary gland prolactin cells were less active. Growth hormone cells were more
numerous and filled with secretory granules. Thyroid and endocrine pancreas had regressed.
Interrenal celis showed no difference. After 4 months in fresh water, pre-smolts recovered
(Clarke and Nagahama 1977).

High streamflows enhanced survival of downstream migrating chinook in Green River,
Washington. Mean travel time was 4.3 days to cover 13 miles {(Wetherall 1970}.

PHYSIOLOGY

For Willard NFH and Eagle Creek NFH 1976 coho releases, the total recovery of ‘late’ {higher
ATPase) released fish was 2.8 times greater for Willard and 3.1 times greater for Eagle Creek
than for ‘early” releases. No geographic shift in recovery distribution due to ‘delayed’ release
was seen. Fish may not migrate as rapidly if released before the peak in ATPase level. Later
releases may have survived better due to increased food resource {Wahle and Zaugg 1982).

Fall chinook fed salt (7% vs 1.6% NaCl in control) six weeks before release showed 65%
greater racovery in the fishery and to the hatchery than controls. Another supplemented fall
chinook group (7.9% NaCl for over six months} had higher ATPase activity and higher
survival when transferred directly to seawater net-pens. If fish are at their maximum salt
regulation ability, then salt supplementation may not increase survival (Zaugg et al. 1983).

Seawater survival of coho at various salinities is a function of size, not age. Sea-water
adaptation preceded migration by six to seven months {Conte et al. 1966).

ATPase activity of yearling coho increased during the last two weeks of March and remained
constant until July, when it decreased. ATPase activity increased three to four days after
coho were placed in sailt water and continued to increase for 30 to 35 days (Zaugg and
McLain 1970).

Gill Na,K-ATPase activity and T, levels are poor predictors for the release of juvenile coho and
spring chinook to produce maximal adult returns {Ewing et al. 1985).

Spring and fall chinook possess similar osmoregulatory capabilities. The rate of development
of osmoregulation is enhanced by prior conditioning and by high growth rates (Wagner et al.
1969).

In spring chinook at Leavenworth NFH, thyroxine level peaks were seen in mid-March and late
April, with a prolonged peak from late May into June. ATPase peaks were similar to
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thyroxine, but were slightly later, and reached their highest ievels in late May. Fish are
normally released in April, about four weeks before these observed physiological events.
Branding studies showed that fish released in April took longer to move downstream. Fish
released later moved downstream more rapidly. It is surmised that thyroxine is the precursor
to migration and ATPase levels peak during migration. Crowding elicited maximum stress
response, more than netting, anesthesia, or branding {(Weitkamp and Loeppke 1983).

Spring chinook in the Deschutes River, Oregon showed a higher ATPase in migrating fish than
in non-migrants. in 1978, a peak ATPase level was seen in hatchery fish, no peak was seen
in 1977 samples of hatchery fish. Caution is indicated for ATPase use as an indicator with
hatchery fish {(Hart et ai. 1981).

Spring chinook entered the ocean in September and October at a length of about 10cm. Peak
ATPase activity occurred in mid-September or October. A maximum change in activity also
occurs at this time. Data were analyzed for Cole Rivers SFH spring chinook progeny of sub-
yearlings, as adults from yearlings only constitute 10% of the return {Buckman and Ewing
1982).

EVOLUTION

Salmonidae evolved in fresh water. Oncorhynchus originated in brackish water. Schooling
oncorhynchids are the most specialized of the seagoing salmonids while Safvefinus and Sa/mo
are more primitive {(Hoar 1976).

BEHAVIOR

Pink, chum, and coho in the Little Port Walter, Alaska estuary concentrate, sometimes in
mixed schools, in the upper, least saline layers of water when they leave the stream mouth
{Lagler and Wright 1962).

Pink and chum fry outmigrate at night. Strong lights are avoided. Pinks show a strong
downstream swimming response. Both species swim at or near the surface. If still in the
stream at daybreak, the fry bury themselves in the substrate. Once reaching sait water their
behavior changes, perhaps due to the onset of feeding (Neave 1955).

Sockeye, coho, pink, and chum fry migrate downstream at night, regulated precisely by
changes in light intensity. Pink fry are found throughout the water column, but mostly at
middle depths. Pink and chum would migrate during daylight if they had long migration
routes. Pink and chum were observed to school only at the end of their seaward movement.
Some feeding of pinks was seen in natal areas, but more predominately as the sea was
approached {McDonald 1960).
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In fresh water chum and pinks form schools and are constantly active day and night. At
night they lose visual contact with the bottom and are subject to downstream displacement.
Active downstream swimming occurs only with unusually high temperatures. Coho fry are
strongly territorial and are quiet at night. Cohc smoits exhibit less territoriality and tend to
aggregate. During the day they group in deeper water or under cover. At night they rise to -
the surface and are displaced downstream. All behaviors are modified by pronounced
temperature changes. Increases in water level speeds downstream displacement (Hoar
1951).

Sockeye and chum fry school, respond positively to current and avoid shallow water. Of the
two, chum form more active schools, travel faster, prefer stronger light, prefer shallower
water, and have a less marked cover reaction. Sockeye smolts, contrasted with coho smolts,
are mora active, show little territorial behavior, and a stronger response to current. Sockeye
fry move downstream after dark. Coho smolts move seaward more slowly than sockeye
{Hoar 1954).

In seawater, juvenile pink and chum schooled closely and were in constant motion at ambient
temperature. Juvenile chinook did not school strongly and moved slowly or were motionless.
All species increased swimming rates and reduced schooling behavior immediately in
response to a temperature change of less than 1°C per minute (Bessey 1972).

Upon entering saltwater, chinook were observed to swim near the surface and orient to the
shoreline. No fish were observed more than 300 yards from shore or deeper than five feet
(WDF 1959).

Sockeye returning to freshwater wili attempt to find their stream by swimming
perpendicularly to the shore. If they fail, they head offshore and make another perpendicular
attempt. This reduces wasted efforts of following the shoreline and potentially becoming lost
in large bays and estuaries {(Westcoast Fisherman (British Columbia) story on tracking adult
chinook 1990).

GENETICS

Genetic destabilization is caused by too few parents inputting to the population. Genetic
contribution to the population is limited by the minimum number of spawners used at the
hatchery and subsequently retained for production {effective number in population). The
problem can be remedied by increasing the number of parents used and retained {Simon et
al. 1986).

Aninverse relationship exists between the distance a fish is transferred from its natal stream
and the survival rate to adult. Genetic adaptation to a specific river system is implied
{Reisenbichler 1988).

Pooling of sperm, or sequential addition of multiple males, does not achieve an equal
proportion of siring. Observations of 3% to 84% siring have been reported (Withler 1990).

More heterozygous rainbow trout have greater disease resistance to bacterial gill disease than
less heterozygous fish {Ferguson and Drahushchak 1990).
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Wild steelhead interbred with domestic rainbow trout increased their exposure to predation
by foraging closer to a predator than did wild steelhead. Both types suffered equal mortality
ratas (Johnsson and Abrahams 1991).

DISEASE

- Spring chinook smolts in the mid-Columbia River with .chronic bacterial kidney disease
infections disappeared from the migrating population before reaching McNary Dam,
presumably due to mortality {Rondorf et al. 1988},

Vaccination against Vibrio did not increase the survival or growth of chum released to the
ocean {Wertheimer and Martin 1986).

Vaccination against Vibrio did not increase the survival of Atlantic salmon released to the
ocean. Investigators used an intraperitoneal injection of trivalent bacterin (Baum et al. 1982).

Vaccination against Vibrio increased the survival of steelhead released to the ocean.
Investigators used an immersion in bivalent bacterin {Amend et al. 1980).

Vaccination against Vibrio increased the estuarine survival of coho released to Great Bay
estuary, NH. The vaccinated survival was 1.2 to 15 times that of unvaccinated controls.
Investigators used an interperitoneal injection {Deegan 1981).

More heterozygous rainbow trout have greater disease resistance to bacterial gifl disease than
less heterozygous fish {Ferguson and Drahushchak 1990).

HATCHERY PRACTICES

Bonneville SFH fall chinook fed Oregon Moist Pellet No. 4 {fish protein base) appeared to
survive to the estuary at twice the rate as those fed Oregon Moist Peilet No. 2 (soy protein
base}). Smaller individuals released from hatcheries (Washougal chinook, Willametts
steelhead) may not have survived as well as larger individuals during their migration to the
estuary (Dawiey 1981).

Rainbow trout fed a diet containing up to 12% salt for a month before transfer to seawater
showed reduced mortality over trout fed normal diets {Salman and Eddy 1990).

Fall chinook fed salt six weeks before release showed 65% greater recovery in the fishery
and to the hatchery than controls. Another salt-supplemented fall chinook group had higher
ATPase activity and higher survival when transferred directly to sea-water net-pens (Zaugg
et al. 1983).

Fall chinook fed salt six weeks before release contributed 49 to 64% more adults to the
fishery than controls (Zaugg 1982).

Coho reared at stable water temperatures in March and April showed lower marine survival
rates than coho reared on fluctuating water temperatures {Olson 1978).
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Fall chinook were subjected to four treatments after common rearing in freshwater for 78
days:

1) 6 day conversion to 75% seawater,

2} direct release to seawater,

3) 8 day conversion to 100% seawater followed by 25 days pen rearing in seawater,
and

4} 8 day convarsion to 100% seawater followed by 60 days pen rearing in seawater.

Survival to adult was 0.75%, 0.47%, 0.26%, and 0.19% respectively (Eilis 1957}.

Coho released from net-pens at Squaxin Island, Washington after some salt-water rearing had
an average recovery rate {catch + escapement) of 17.1%, which was similar to that for
other facilities releasing at about the same time (Rensel et al. 1988).

Coho experimentally trucked, then released at the hatchery of origin, upstream, or
downstream averaged 76%, 83%., and 84% of ocean catches of untrucked fish. Coho
transported to another system and acclimated for six weeks showed higher survival than fish
released immediately {Johnsan et al. 1990).

Coho were reieased at Bonnevilie Dam, the head of saltwater intrusion, the mouth of the
Columbia River, the Columbia River plume, north of the plume, and 38km offshore in oceanic
water. Over five years of releases were made with highest survival to fisheries seen for the
fish released at the point of saltwater intrusion (1.6 to 2.5 times that of the Bonneville Dam
release (control)}). Other release groups did not differ significantly from the control. Straying
increased as the release distance from shore increased {Solazzi et al. 1991),

Preliminary data suggest that hatchery fall chinook survival could be enhanced by increasing
stamina, increasing size, increasing protein and energy reserves, and lowering disease
incidence (Burrows 1969},

Coho reared in a semi-natural habitat on a partly natural diet showed lower returns than
wholly hatchery reared fish. Four brood years and 17 tag groups were examined. Releases
one month later than normal did not increase returns, as models predict. Distribution of
catches in sport and troll fisheries were similar {Mundie et al. 1990).

The ocean survival of coho salmon was increased by reducing rearing pond density in 1979,
but only weakly affected the survival of fish released in 1280. High rearing density fish
showed decreased weight, length, and protein content, and increased condition factor and
mortality. At higher rearing density, skewness in length distribution and correlation of
condition factor changed from positive to negative. Larger smolts showed increased protein
and lipid content and reduced moisture and ash content. Crowding stress particularly affects
smaller fish {Fageriund et al. 1983 and Fagerlund et al. 1981).

At a high rearing density coho salmon showed a reduced plasma thyroid hormone level, no
effect was seen for water inflow rate. Rearing density and water inflow affected plasma
cortisol and Na,K-ATPase with varying effects. Lowering the rearing density from high to low
two weeks before sampling lowered plasma cortisol to levels seen for fish reared at low
density, but with no effect on thyroxine or Na,K-ATPase (Patifio et al. 1986).
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Coho with slime removed from 25% of the body had no mortality in fresh or sea water.
Removal of slime and scales from 25% of the body caused no mortality in fresh water, but
75% mortality within 10 days in sea water. The 10 day median tolerance limit was 10%
scale removal immediately prior to sea water entry. Mortality was highest when scales were
removed from the ribcage area. 90% of fish descaled at lathal levels regained tolerance to
sea water after one day of recovery in fresh water (Bouck and Smith 1379).

Fall chinook return rates to Spring Creek were related to fingerling releases. Survival rates
since 1950 have dropped graatly. The high rates seen in 1958 and 1959 don’t match rates
seen in the 1940s. Responsible factors may be tuberculosis, coagulated yolk disease,
fingerling crowding, and a change in diet {Junge and Phinney 1963).

SIZE AND TIME OF RELEASE

For the 1981 release coho from Big Creek SFH and the 1984 release from Coos Bay SFH
survival was not related to size of fish. Survival increased with date of release for both
hatcheries, regardless of fish size {(Mathews and Ishida 1989).

Coho from the 1966 Big Creek SFH release at 10.7 fish per pound had an estimated catch
of 2.21% and those released at 27.3 fish per pound had an estimated catch of 1.14%. No
difference was seen in the percent males recovered, but female recovery rate was more than
double for the targer smoits {Johnson 1970).

For Columbia River coho, at any given time of release, the greater the fish size, the greater
the contribution. June is the best release time. Fish below a 'critical size' were absent in
ocean sampiing, suggesting they did not survive through the estuary (Mahnken et al. 1982).

Coho ocean survival increased with increasing smolt size. Small {9.4g to 11.1g) fish survival
was much lower than for medium (12.5g to 13.9g} or large (16.2g to 18.0q) fish {Fagerlund
et al. 1983).

Late summer releases of zero age coho produce the highest rate of return. The optimum
production can be realized from 14cm to 15cm smolts released in August and September.
Maximum returns should come from June releases of 12.5cm to 13cm fish {22g to 25g).
Fish released in July should be 14.5cm to 15.5cm (36g to 42g) (Stohr and Parker 1982).

For British Columbia coho, the yield of jack biomass was positively correlated with smolt size.
Larger smolts resulted in more jacks. Releases were made May 12, June 10, and July 7,
1975. Larger smolts produced larger jacks. Earlier releases produced more jacks than later
releases. Maximum adult biomass came from moderate (20g to 24g) sized smolts released
in early June. Highest jack biomass came from large smolts released in May (Bilton 1980).

British Columbia coho were investigated, with releases made April 20, May 10, May 30, and
June 19, 1980. Triplicate coded wire tagged groups of graded small, medium, and large
smolts were used. Mathematically derived, the maximum return would come from 15.7g
smolts released June 4. The investigators recommended 20g though, since that was
smallest actually tested. The highest predicted jack return would come from 30g smolts
released May 8. Combined, the maximum biomass would come from 16.6g fish released
June 3 (Bilton st al. 1984).
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Larger British Columbia coho smolts did not generally show increased survival but large
smolts did survive better in years when marine survival was relatively poor {Holtby et ai.
1990].

There is no evidence that size-dependent mortality of Columbia River hatchery coho exists
{Mathews et al. 1985}.

Coho held at the hatchery for delayed release in June and July, as opposed to release in May,
migrated seaward more rapidly and in greater numbers (Zaugg 1982).

Coho smolt survival is size dependent when smolt survival is poor and when herring
abundance is low {Holtby 1989).

Puget Sound hatchery coho showed increased survival with increasing smolt size {Olson
1978).

Alaska chinook salmon from the 1977 and 1978 brood years were released at two sizes, 9.7
to 12g and 28.2 to 37g). The adult return rates were higher for large smolts in both years.
At higher rearing density, 6.6 to 24.3 kg/m®, there was no effect on survival during the
culture period, there was a lower adult return rate, but more adults per unit volume were
produced (Martin 1988).

Washington Department of Fisheries releases of fall chincok are typically smaller and later
than US Fish and Wildlife Service or Oregon Department of Fish and Wildlife releases. This
results in a shorter marine rearing period during the first year, which leads to later maturing,
older fish (Vreeland 1989).

Juvenile salmon entering the ocean after the transition from winter to summer ocean
conditions have enhanced survival. North of the Columbia River this is about May 1, south
of the Columbia River about April 15. Upwelling and prey abundance is greatest after this
transition. The transition has generally occurred later in the year since the middle 1970s
{Anonymous 1990).

The number of sockeye smolts is negatively correlated with the return rate of adults. With
more smolts there is a lower survival rate to adult. This condition is related to smolt size.
If smolt size increases from 4 to 10 grams, survival is tripled. Smolt size and numbers
account for about 60% of variation in survival to adult {(Foerster 1954).

35




BIBLIOGRAPHY and REFERENCES

Adams, B.L., W.5. Zaugg, and L.R. McLein. 1976. inhibition of
seltwater survival and Na-K ATPase slsvation in steelhead
trout by moderate water temparatures. Transactions of the
Americen Fisheries Society. 104:7086-769.

Allen, G.H. 1958. Migration, distribution and movement of
Puget Sound silver saimon. PhD Thesis, University of
Washington. 295p,

Allen, G.H. 1988. Ocean migration end distribution of fin
marked ooho salmon. Journal of the Fisheries Research
Board of Canade. 23:1043-1001.

AHen, G.H., asnd W, Aran. 1957. Food of salmaonid fishea of the
weatern narth Pacific Ocean. US Fish and Wildlife Service
Special Scientific Report 237. 11p.

Allen, K.R. 1973. The influence of random fluctuations in the
stock-rectrultment relationahip on the sconomic return fram
salmon. p 350-359 /n B.B. Parrish, editor, Fish stocks and
recruitment. Rapp P-V Reun Cons Int Explor Mer 184.

Allsn, MA_., T.J. Hassler, and J. Parsons, 1986, Species
profiles: life historiss and environmental requirements of
coastal fishes and invertebrates (Pacific southwest] chinook
salmon. US Fish and Wildlife Service US Army Corps of
Engineers. Biologioal Report B2(11.49|. 26p.

Alton, M.S,, and M.O. Nelson. 1970. Food of Pacific hake in
Washington and northern Oragon coastal waters. US Fish
mnd Wildlife Service Circular. 332:35-42,

Amend, D.F., R. Antipa, T.H. Kerststter. 1980. Incresss in
ocesan survival of fresly migrating steslhsads vaccinsted
agsinst Vibrio anguiliarum. Tiansactions of the Amaerican
Fisheries Soclety. 109:287-289,

Anderson, J.L., and J.E. Willen. 19BS. Estimating the
population dynamios of coho =salmen [Oncorhynchus
kinurteh) using pooled time-saries and cross-sectionat data.
Canadisn Journal of Fisheries and Aquatic Sciences.
42:459-487.

Andrigvskaya, L.D. 1970 Faading of Pacific salmon juveniles in
the sea of Okhatsk. Fisheries Research Board of Canada
Translation 2441,

Andrievskaya, L.[}. 1988. Food rslstiorwhips of the Padific
seimon in the sea. Joumnal of |chthyclogy [Voprosy
Ikhtiofogii). 6:94-80.

Angstrom, and P.E. Reimars. 1884. Occurrence of juvenile
saimon in stomachs of adult coho salmen. Oregon Fisheries
Commission Research Briafs. 1082,

Annan, M.E. 1958. Notss of the food of the young of three
spacies of Pacific salmon in the sesa. Canadian Fish
Culturist. 23:23-35.

Anonymous. 1970, Pecific hake.
Fisheries Ciroular 332, 152p.

Bureau of Commercial

Ancnymous. 19390, Sal 1 at soa, hers ars beginning to
document the effect on salmon survival of large-scale
changes in the Pacific Ocean. in The Westcoast Fisharman,
November 1990 36-37,

36

Argue, A.W., B. Hillaby, snd C.D, Shepard. 19886. Distribution,
timing, chenge in size, and stomach contents of juvenile
chinook and coho salmon csught in Cowichan estuery and
bay, 1973, 1876, 1976, Canadian Technical Report of
Fisherias and Aquatic Sciences 1431, 188p.

Armatrong, R.H., end P.C. Winslow. 1988. An incidence of
walleye poliock feeding on ssimon young. Transections of
the American Fisheries Society. 97:202-203,

Aron, W. 1982, The distribution of animale in the eastern north
Pacific and its relation to physical and chemical conditions.
Joumnel of the Fisheries Ressarch Beerd of Censda.
19:269-275.

Baggerman, B. 1960. Salinity praference, thyroid activity and
the seawsrd migration of four specles of Pecific saimon
{Onecorhynchus}. Journal of the Fisheries Reasarch Board of
Canada. 17;285-322.

Bailey, K.M. 1981. Larval transpart and recruitment of Pacific
heke, Meriveciue productus. Marsine Ecology Progress
Series. 6:1-9,

Bainbridge, R. 1957. Tha size, shape, and density of marine
phytoplankton concentrations. Bislogical Review.
32:91-115,

Bekkala, R.G. 1970. Synopsis of biological data on the chum
salmon, Oncorhynchus keta(Welbaum], Bureau of
Commercial Fisharies Ciroular 315. 88p.

Bakun, A. 1975, Daily and weekly upweliing indices, west coast
of North America, 1967-73. NOAA Technical Report 18,
National Marine Fisharies Service Special Scientific Repeort
Fisheriea 893, 114p.

Bakun, A., D.R. MocLain, and F.V. Mayo. 1973. Tha mesan
annual cyocle of coastai upwelling off western North
America as observed from surfece measutaments. Fishery
Bullatin. 72:843-844.

Bame, R.A. 1978. Survival and propensity for homing as
affected by presence or abssnce of locelly adapted paternal
genas in two transplanted populations of pink salmon,
Journal of the Fisheries Ressarch Board of Ceanada.
33:2718-2725.

Banks, J.L., and L.G. Fowler, 1987, Effect of accelerated
fingerling rearing on adult survivel of spring chinook
salmon. US Fish and Wildlife Service, Abernathy Technical
Transfer Series 87-1. 12p.

Barber, R.T., and F.P. Chavez. 1983. Biological consequencea
of El Nifio. Science, 222:1203-1210.

Barker, M. 1979, Summary of travel time from tagging studies,
1850-1974, Washington Department of Fisheries Technical
Report. 4830.

Barlow, J.P. 1958. Spring changes in phytoplankton abundance
in a deep eestuary, Hood Canal, Washington. Jourmnal of
Marine Ressarch. 17:53-87.

Barnes, C.A., J.H. Lincoln, M. Rattray. 1954. An oceancgraphic
modal of Puget Sound. University of Washington,
Department of Oceancgrephy Technical Report. Reference
54-3 19p.




Barraclough, W.E., and A.C. Fhillips. 1978. Distribution of
juvenile salmon in the southern Streit of Georgia during the
period April to July 1966-1969. Canadian Fisheries and
Marine Service Technical Report B26, 47p,

Barran, M.G.
anadromous  salmonide.
108:313-319.

1986. Endocrine control of ameltification in
Journsl  of Endocrinclogy.

Baum, E.T., E.5. Sswyer, R.G. Strout. 1982 Survivel of
hatchary-reared Atlantic salmon smoits veccinated with a
Vibrio anguiflarum bacterin. North American Journal of
Fisheries Management. 2:408-411.

Bax, N.J., E.Q. Salo, B.P. Snyder, C.A. Simenstad, W.J. Kinney.
1978. Salmonid autmigration studias in Hood Canal - Finst
Report, Phass IH, University of Washington - Fisheries
Reaserch Institute 7819, 128p.

Beall, E.P. 1972, The uae of pradator-prey tests to assess the
quality of chum salmen fry, MS Thesis, University of
Washington. 105p.

Beemish, R.J., and G.A. McFarians, 1985, Pagific whiting,
Mortuccius productus, stocks off the West Coast of
Vancouver laland, Canade. Merine Fisheries Review.
47{2):75-81.

Beamish, R.J., and G.A. McFarlane, editors. 1989, Effects of
ocesn variebility on recruitment and an evsluation of
parameters used in stock essessment models. Canadian
Special Publicetion of Fisherieas snd Aguatic Scisnces 108.
379p.

Berg, E. 1981, Management of Pecific ocean salmon renching:
& problem of fedsralism in the coastal 2one. Coastal Zone
Menagsmant Journal. 9:41-75.

Bessey, R.F. 1972, Behavioral resporwes of juvenile salmon in
a maving thermal gradient. M5 Theais, Univarsity of
Weashington. 50p.

Bilton, H.T. 1978. Asturns of adult cohoe sairmon in relation 1o
mean size and time st relesse of juveniles. Canadien
Fisheries and Marine Service Technical Report 832, 73p.

Bilton, H.T, 1980. Returns of adult coho salmon in relation to
mean size and time at reisese of juveniles to the catch and
the sscapement, Canadian Technical Report of Fisherise
and Aquetic Sciences. 941:1-41.

Bitton, H.T., D.F. Alderdice, and J.T. Schrute. 1982, lnfluence
of time and size at releass of juvenile coho selmon on
returmns at maturity. Canadien Journal of Fisheries and
Aquatic Scisnces. 39:428-447,

Bilton, H.T., R.B. Morley, A.S. Colburn, J. Van Tyne. 1984. The
influsnce of time and size st reloass of juvenile coho
salmen {(Oncorfiynchus kisutch) on returns at maturity;
results from relsases from Quinsam River Hatchery, British
Columbis. Canadian Technical Report of Fisheries and
Aquetic Sciences. 1308:1-98.

Birman, .8, 1957. Xuroshio and the population of the Amur fall
chum saimon. Voproey lkhtiologii 8. Fisheries Research
Board of Canada Transiation Servios 265,

Birman, 1.B. 1969, On the effect of pink saimon on the growth
and maturity of the salmon of other species. Fondy
Kemchatsk Otdet Tinro __ .

37

Birman, 1.B. 1968, More about the influence of the Kurio-sio on
the dynamica of tha abundance of eatmon. Voprosy

Ikhtiologii 13, Fisheries Research Board of Canads
Translaticn Service 288,

Bouck, G.R., and D.A. Johnson. 1879, Madicetion inhibits
tolerance to seawater in ooho saimon smolts. Transactions
of the American Fisheriss Socisty. 108:83-66,

Bouck, G.R., and $.D. Smith. 1979. Mortality of experimentally
descaled smalts of coho salmon (Oncorhynchus kisutch) in
frosh end salt water. Transactions of the Americen
Fisharies Society. 108:07-09.

Brawn, V.M. 19689. Feeading behavior of cod (Gadus morhua).
Journel of the Fisheriss Research Board of Cenada.
26:583-596,

Breder, C.M., and F. Halpern. 19848, Innats and ecquired
behavior affecting the aggregation of fishes, Physiclogical
Zoology. 19:154-180.

Brock, V.E., and R.H. Riffenburgh. 1960. Fish schooling: &
possible factor in reducing predation, Journat Conasil, Cons
Internaticnal Exploration Mer, 25:307-317,

Buchansn, K {editor). 1983. Proceedings of the fourth Pacific
cosat herring workshap, October 7-8, 1981. Canadian
Manuscript Repart of Fisheries and Aquatic Sciences 1700.
151p.

Buchanan, D.V., J.E. Sanders, J.L. Zinn, and J.L. Fryer. 1983,
Relstive susceptibility of four strains of summar steslhead
to infaction by Ceratomyxs shasta. Transactions of the
Armnatican Fisheries Society. 112:541-543.

Buckman, M., and R.D. Ewing. 1982, Relationship betwean size
and time of antry into the sea and gill (Na +K)-ATPase
activity far juvenile spring chinook salmeon. Transactions of
the American Fisheries Sociaty. 111:681-687.

Burger, J., B. Olla, and H.F. Williams, editors. 1980, Bshaviour
of marine animals, voluma 4. Plenum Press, New York.

Burrows, R.E., D.D. Pelmer, H.W. Newman, and R.L. Azevedo.
1952, Tests of hetchery foods for salmon 1951. US Fish
and Wildlife Service Spacial Scientific Report Fisheries B8,
24p.

Burrows, R.E. 1969. The influsnces of fingsrling quality an adult
salmon survivals, Transactions of the American Fisheries
Society. 98:777-784.

Campbell, S.A.,, WLK. Peterson, and J.R. Postsl. 1878,
Phytoplankton production and standing stock in the main
basin of Puget Sound. University of Washington,
Department of Oceanography. Ref M77-5. 75p.

Cannen, G.A., and N.P. Lsird. 1977. Observations of currents
and water propertiss in Puget Sound, 1972, NOAA
Technicsl Report. ERL 247-POL 13. 42p.

Cardwell, A.D., and K.L. Frash. 1979. Predation upon juvenile
salmon - Draft#8. Washington Depsrtment of Fisheries
Mirtea 21p.

Cardwell, R.D., S. Olson, M.I. Carr, and E.W. Sanborn. 1879,
Causes of oyster larvas mortality in south Pugst Sound.
NOAA Technical Memo ERL/MESA 39,




Chepman, D.W. 1982, Aggressive behavior af [uvenile coho
salmon e a causs of smigretion. Journal of the Fisheries
Research Board of Canada. 19:1047-1080.

Chevassus, B., and M. Dorson. 1880. Genetics of resistsnce to
disesse In fishes, Aquaculture 85:83-107,

Chung, A. 1985. Relationships bstwean cceanographic factors
and the distribution of juvenile coho salmen (Oncorhynchus
kisutch] off Oregon and Washington, 1982-1983. MS
Thesis Cregon Stats University. 116p,

Clark, C.W. 1974, Possible affects of schooling on the
dynamics of exploited flah popuiations, Journal Cons Cons
Parma Int Explor Mer. 38:7-14.

Clark, J..and B. MoCarl. 1883. An investigation of the
relationship betweer Oregan ocho salmen [Oncorhynchus
kisutch) hatchery relsases and adult production utilizing law
of the minimum regression. Canadian Journal of Fisheries
and Aquatic Sciences. 40:6518-523.

Clarke, W.C., and Y. Nagshama, 1977. The sffect of premature
transfer to ssawater on growth end morphology of the
pituitary, thyreid, pancreas, and intsrrenal in juvenile coha
salmon (Oncorhynchus kisutch). Canedisn Journal of
Zoology. 55:1820-1630,

Clatke, W.C., J.E. Shelbourn. 1988. Delayed photoperiod
produces more uniform growth and seawater adsptability
in underyearing coho selmon [Oncorhynchus kisutch).
Aquaculture. 56:2087-299.

Clarke, W.C., J.E. Shelbourn, T. Ogasaware, and T. Hirano.
1989. Effect of initial exposure to long and short daylength
on growth, ssawater sdaptability and plesma hormone
levels in undaryesrling coho [Oncorhynchus kisutch),
chinook (0. tshawytschal, and chum (0. ketalssimon.
Aquaculture, 82:51-62.

Cleaver, F.C. 1989, Effects of ocean fishing on 1961-brood fall
chinook salmen from Columbia River hatcheries. Fish
Commission of Oragon Aessarch Report, 1:78p.

Clemens, W.A., and G.V. Wilby. 1933. Faod of the fur seel off
the coast of British Celumbia. Joumal of Mammaslogy.
14:43-48.

Collias, E.E., N. McGary, and C.A. Barnes. 1974_ Atlas of
physical end chemical propertiss of Puget Sound and its
spproaches. Washington Saa Grant Publication SG-UW-74.
235p.

Conte, F.P., H.H. Wagner, J. Feasler, and C. Gnose. 1966.
Development of osmotic and ionic regulation in juvenile
ccho salmon Oncorfynchus  kisutch. Comparative
Biochemistry and Physiology. 18:1-15.

Cooney, R.T., D. Urquhart, R, Neve, J. Hilsinger, R, Clasby, and
D. Barnard. 1878, Some sspaects of the carrying capacity
of Prince Willism Sound, Alasks for hatchery releasad pink
and chum salmon fry. University of Alaska, Fairbanks. Sea
Grant Rep. 78-4, IMS Rep. R78-3, 08p.

Coutant, C.C, 1973, Effect of tharmal shock on vulnerability of
juvenile sel tide to predation, Joumal of the Fisheries
Ressarch Board of Canada. 30:985-973.

38

Crisp, D.T. 1880. Sorme effects of application of mechanical
shock at varying stages of development upon the survival
and hetching time of British salmonid eggs. Hydrobiologie
194:57-65,

Croker, R.S., and D. Aead, sditors. 1963. Report of sscond
governars’ conference on Pacific salmon. Washington State
Printing Plant, Olympia. 168p.

Cushing, D.H. 1971, Upwelling and the production of fish.
Advances in Marine Biclogy. 9:255%-334.

Cushing, D.H. 1975. Marine scology and fisharies. Cambridge
University Press. New York.

Dahiberg, M.L. 1982 Report of incidencs of coded-wire tagged
salmenide in catches of foreign cial and ressarch
veasels oparating in the north Pacific Ocean and Bering Saa
during 1980-1982. Mimeo to INPFC, NMFS Northwest and
Alaska Fisheries Conter. 11p.

Damkaer, D.M. 1984. Vertical distributions of Copepoda in
Dabob Bay, Decembar, 1960. MS Thesls, University of
Weshington. 84p.

Danzmann, R.G., M.M. Ferguson, and F.W. Allenderf. 1986.
Does enzyme haterozygosity influence developmental rate
in rainbow trout? Heredity. 56:417-425,

Denzmann, R.G., M.M. Ferguscn, and F.W. Allendorf. 1987,
Heterarygosity and oxygen consumption rate as prediotors
of growth and developmantal rate in rainbow trout.
Physiological Zoology 60:211-220.

Danzmann, R.G., M.M. Ferguson, and F.W. Allandorf. 1988
Heterozygesity end components of fitness in & strain of
reinbow trout. Biol J Linn Saciety. 33:285-304,

Dawtay, E.M., R.D. Ladgerwgod, T.H. Blehm, snd A_L. Jensan.
1882, Migrational characteristice and survival of juvenile
salmonide sntering the Columbia River estuary in 19871.
Coastal Zone Estuarine Studies, Natione! Ooceanic and
Atmospharic Administration 9/82. 43p+app.

Dewley E.M., R.D. Ledgerwood, T.H. Blahm, C.W. Sims, J.T.
Durkin, R.A. Kirn, A.E. Renkis, G.E. Mcnan, and F.J.
Ossian, 1986. Migrational charactaeristics, biological
observetions, and relative survival of juvenile salmonids
entering the Colurnbia River estuary, 1868-1983, Bonneville
Power Administration Project 81-102 Final Report. 256p.

Dawlsy, ELM., C.W. Sims, R.D. Ledgerwood, D.R. Miller, and
J.G. Williama. 1981, A study to define the migrational
cheracteristics of chinook and cohe salmen in the Columbis
River estusry and sssociated marine watars, National
Oceanic and Atmospheric Administration, Coastal Zone
Estuarine Studies Report. 68p +epp.

Dey, D., P. MoAllister, and M. O'Toole. 1986. Strait of Georgia
sac e herring spawning stook monitering, 1986
Washington Dept. of Fisheriss Progress Repart 249, 21p.

Desgan, L.A. 1981, Increased astusrine survival of juvenile
coho ssimon vaccinated against Vibro anguilfarum.
Trensectiorw of the American Flaheries Socisty.
110:8506-659.

Diamond, end H.J, Pribble, 197B. A review of factors alfscting
seaward migration and survival of juvanile saimon in the
Columbia River and ocean. Oregon Depsrtment of Fish and
Wildlife. Information Report Saries Fish. 78-7.




Dickie, L.M. 1970. Predation, yield, and soologics! efficlency in
asquatic food chains. Journel of the Fisherise Rasearch
Board of Canada. 33:313-316,

Dickoff, W.W., L.C. Folmar, A. Gorbman. 1978. Changes in
plasma thyroxine during smeltification of coho salmon,
Oncorhynchus kisutch., General Comp Endocrinology.
36:229-232.

Dodimead, A.J,, and G.L. Pickard. 19687. Annual chenges in the
oceanic-coastal waters of the sastarn subarctic Pacific,
Journal of the Fisheries Ressarch Board of Canada.
24:2207-2227.

Doherty, T.J. 1880. Salving coean current puzzies, in Pacific
Fishing magazine, November 1980. 80-83.

Dudiak, N, 1988, Recovery of non-local origin marked chinook
ssimon in Kechemak Bay Alaska. p. 235-238 /n Report of
the 1987 Aleske chinoek sslmon workshop, NMFS
Northwest and Aleske Flsherise Center Processsd Report
88-06. 244p.

Dunford, W.E. 1975 Space and food utilization by salmonids in
marsh habitats of the Fraser River estuary. MS Thesis,
University of British Columbia. 81p.

Durkin, J.T. 1982. Migration charscteristics of coho saimon
[Oncorhynchus kisutchl smolts in the Columbia River and
its sstuary p, 385-378 in V.5. Kennedy, aditor. Estuarine
Comparisons, Academic Press 709p.

Ebel, W.J. 1970. Effect of relesase location on survival of
juvenile fall chinook salmon, (Oncorhynchus tehawytscha).
Transactions of the Americen Fisheries Soclety.
99:672-676.

Eber, Saur, Sette. 1968, Monthly mean charts sea surface
temperature north Pacifio Ocean 1949-62. Bureau of
Commaercial Fiaheriss Circular 258, 188p.

Ellis, C.H. 1957. Rearing methods end the return of fall-
migrating chincok selmon. Transactions of the American
Fisheries Society. 87:132-128,

Eilis, C.H., and R.E. Noble. 1959. Calculated minimum
cantributions of Washington’s hatchery releases to the
catch of selmon on the Pacific comst and the costs
asswszable to hatchery operstions. Washington Department

of Fisheries Fisheries Ressarch Papers 2{2):88-99.

Emlen, J.M., R.R. Reisenbichler, AM. McGie, and T.E.
Nickelson., 1990. Density-dependence st sea for coho
salmon (Oncorhynchus kisutch). Canadian Journal of
Fisharies and Aquatic Sciences. 47:1766-1772.

Eppley, R.W. 1972, Temparsture and phytoplankton growth in
the ssa. Fishery Bullstin. 70:1083-1085,

Evelyn, T.P.T, 1871. First records of vibriosis in Pacific salmon
cultured in Canada snd tsxonomio status of the responsible
beoterium, Vibric anguilferum. Journal of the Fisharies
Resoarch Boerd of Canada. 28:517-525,

Everitt, R.D. 1980. Populations of harbor ssals and other marine
mammals: Northern Puget Sound. MS Thesis, University of
Washington. 283p.

39

Ewing, R.D., A.R. Hemmingsen, M.D. Evenson, and R.L.
Lindeay. 1986. Gill (Na*K)-ATPass sctivity and plasma
thyroxine concentrations do not predict time of roleass of
hatchery coho [(Oncorhynchus kisutch) and chinook salmon
(Oncoriynchus tshawytscha) for maximum adult rsturns.
Aquaculture. 45:359-373.

Ewing, R.D., S.L. Johnaon, H.J. Pribble, and .F.A. Lichatowich.
1878. Temparature and photopariod effects on gill
[Na + K}-ATPase activity in chinook salmon {Oncorhynchus
tshawytscha)l. Journal of the Fisheries Ressarch Board of
Canada. 36:1347-1353.

Ewing, R.D., and J.P. Lagasse. 1988. Development of rations
for the enhanced survivel of salmon. US Department of
Enargy - Bonneville Power Administration Project 83-363.
DE-A179-888P30372. 108p.

Ewing, R.D., H.J. Pribble, S.L. Johnson, C.A. Fustish, J.
Dismond, and J.A. Lichatowich. 1980. Influsnce of size,
growth rats, snd photoperiod on cyclic changes in gill
(Na + K)-ATPasa activity in chinook saimon {Oncorhynchus
tshawytscha). Canadian Journal of Fisheries and Aguatic
Scisnces. 37:600-606.

Fagerlund, U.H.M., J.R. McBride, B.S. Dosanjh, E.T. Stone, and
F.K. Sandercock. 1983. Influence of culture density on
juvenile coho salmon production and ooeen survivel. Smolt
releases in 1879 and 1980 from Cepileno hatchery.
Canadian Technical Report of Fisheries and Aquatic
Sciences, 1229:iv + 29p.

Fagarlund, U.H.M., J.R. McBride, ET. Stona. 1981. Stress
related effects of hatchery raaring density an coho salmon.
Trersactiors of the Amercan Fisheries Society.
110:644-649.

Falla, and Stokell. 1945, Investigations of the stomach contents
of the New Zealend freshwater shags. Transactions of the
Royal Society of New Zeeland. 74:320-331,

Farrington, C., W.W. Smoker, T.R. Meyers. 1988. Mortality snd
pathology of juvenile chincok salmon expossd to the marina
diatomn Chaetoceros convoiutus. p 228-234 in Report of the
1987 Alaska chinook salmon workshop. NMFS Northwast
and Alsska Fisharies Canter Processed Report 88-08. 244p,

"Favorite, F., and Fisk. 1971. Drift bottis experimants in the

narth Pacific Ocean. National Marine Fisheries Service Data
Report 67, 20p,

Ferguson, M.M., and L.R. Drakushchak. 1980. Disease
resistance and enzyme heterozygosity in rainbow traut,
Haredity 84:413-417.

Fisdler, P.C., and H.J. Bernerd. 1987, Tuns aggregations and
feeding nesr fronts observed in sstellita imagery,
Continental Sheif Research. 78:71-881.

Fiscus, C.H. 1979, Interactions of marine mammals and Pecific
haks. Marine Fisheries Review. 41{10):1-9.

Fiscus, C.H. 1880. Marine memmal-salmonid interactions: o
Revisw. in Salmonid Ecosystems of the Narth Pacific, W.J.
McNeil and D.C. Himsworth [aditors). Oregon State
Univarsity Press. 121-132,

Fishar, J.P., end W.G. Psarcy. 1985s. Studies of juvenile
salmenide off the Oregon and Washington cosst, 1885,
Oregon State University Cruise Report Ref 85-14, ORESLU-
T-85-004, 3tp,




Fisher, J.P., and W.G. Pearcy. 1985b. Studies of juveniie
salmonids off northern Californis, Oregon, Washington, and
Vancouver lslend, 1984. Oregon State University Cruise
Report Ref 86-2. ORESU-T-85-001. 24p.

Fisher, J.P., and W.G. Pearcy. 1988. Growth of juvenile coho
selmon  (Oncorhynchus kisutch) off Oregon and
Washington, USA, in years aof diffaring coastal upwelling.
Cenadian Journal of Fisheries and Aquatic Sciences.
46:1036-1044.

Fisher, J_P., and W.G. Pearcy. 1990. Distribution and residence
times of juvenile fall chinook and spring chinook in Coos
Bey, Oregon. Fishery Bulletin. 88:51-58.

Fisher, J.P., W.G. Pearcy, and A W. Chung. 1983. Studies of
juvenile salmonids off the Oragon snd Washington cosat,
1982. Oragon State University Cruise Report Raf 83-2,
OSURES-T-83-003. 41p.

Fleming, R.H. 1958. Notes conceining tha hslocline in the
northeestern Pacific Ocean. Journal of Marine Reseerch.
17:158-173,

Fiuharty, D., editor. 1984. 1962-1983 El Nific summary.
Ingtitute for Maerine Studies, University of Washington.
Seattle, WA, HF-0B. 25p,

Foarster, R.E. 1954. On the relation of adult sockeye salmon
{Oncorhynchus nerka) returns to known smaolt seewsrd
migtations. Joumnmel of the Fisheries Ressarch Boerd of
Canadsa. 11:338-350,

Folmar, L.C., and W.W. Dickhoff. 1980. The parr-amolt
transformation (smoltification} and ssawater adaptation in
salmenide: 8 review of selectsd literature. Aquaculture
21:9-37.

Foskett, D.R. 1961. Young salmon in the Naneimo area.
Finheries Ressarch Board of Canada Progress Raport.
B86:18-19.

Foucher, R.P., and S.). Westrheim. 1984, Numbara
Iandad-at-age and associated standardized landing statistics
for Pecific cod (Gadus macrocephaius) from impertant
arsa-time cells off southwest Vancouver lsland and in
Queen Cheriotte Sound and Hecate Strait. Canadian
Maruacript Report of Fisheries and Aguatic Sciences 1779,
59p.

Fowler, L.G. 1971. The Absrnathy sslmon diet. Progressive Fish
Culturist. 33:67-75.

Fawler, L.G., and J.L. Banks. 1980, Survival rates of three sizes
of hatchery rearad fall chinook setman. US Fish and Wiidlifa
Service Absmathy Technical Transfer Seriea 80-1. 12p.

Fowler, L.G., R.E. Burrows, B.D. Combs, and J.L. Banks. 1980,
The effect of size and time of relsase of fall chinook selmon
fingeriings on adult survival, US Fish and Wildlife Service
Abemathy Technical Transfer Series BO-3, 13p.

Francis, R.C. 1983 Population snd trophic dynamics of Pacific
hake |Mariuccius productus|. Canadian Journal of Fisheries
and Aquatic Sciences. 40:1925-1943.

Francis, R.C. 1990, Fisheries science and modeling: A look to
the future. Netural Resaurces Madeling, 4;1-8,

Francis, R.I.C.C. 1990, Back-celculation of fish length: a critical
review. Jaurnal of Fish Biclogy. 36:883-902.

40

and A. Holiowed,
fluctuations in  the
management of Pacific hake (Mariuecius productus). p. 51-
56 /in Beamish, R.J. and G.A, McFarlana, editors. 1989.

A.C., S.A. Alderstein, 1989.

environmentsl

Francis,
Importence  of

Effects of ocean variability on recruitment and ean
esvalustion of pararmetars used in stock assessmant modsl.
Canadian Special Publication of Fisheries and Aquatic
Sciences 108. 379p.

Fresiend, H.J. 1990. Sea surface tamperatures along the coast
of British Columbia: Regionsi evidence for a warming trend,
Canadian Journal of Fisheries and Agustic Sciences.
47:348-350.

French, R.R., A.G. Bakkala, M. Osaka, and J. Ito. 1971.
Distribution of salmon and related ocsanographic features
in the north Pacific ooean, Spring 1968, NMFS Special
Sgientific Repon-Fisheries 625. 22p.

Franch, R.R., R.G. Bakkala, and D.F. Sutherlend. 1975, Ocean
distribution of stocks of Pacific salmon and steslhaad trout
as shown by tagging experiments. National Oceanic snd
Atmospheric Administration Tech. Rept. NMFS SSRF 888,
B89p.

French, and McAlister. 1970. Winter distribution of salmon in
relation to currents and water masses in the nartheastern
Pecific Ocean and migrations of sockeye salmon.
Transactiona of the American Fiaheries Society.
99:849-683.

Fresh, K.l.. and R.D. Cardwell. 1878, Salmen-herring
predator/compsatitor interactions (Phase ). Washington
Department of Fisheries Report to Pacific Northwest
Regional Commissian.

Fresh, K.L., R.D. Cerdwell, R.R. Koons. 1981. Food habits of
Pacific salmon, baitfish, and their potential competitors and
predatora in the marine waters of Washington, August
1878 to September 1979, Washington Department of
Fisheries Progress Repcrt 145, 58p.

Fryer, J.L., J.5. Nelson, and R.L. Garrisan. 1972, Vibriosis in
fish, p.129-133, /n R.W. Moore, editor, Prograss in Fishary
snd Food Science, Volume 5. Univarsity of Washington.
223p.

Fuiton, J. 1973. Some sspects of the lifs history of Calanus
plumchrus in the Strait of Georgis. Journal of the Fisheries
Research Board of Canada. 30:811-815.

Gallagher, A.F. 1978. An analysis of factors affecting brood
year returns in the wild stocks of Puget Sound chum
salmon and pink salmon, M$ Thesis, University of
Washington. 152p.

Garrison, R.L. 1971. Effect of repid smolt growth on coho
maturation. Journal of Wiidlife Menagement, 35:762-7G8,

Gerasimov, Y.V., and V.D. Limik, 1989, Effeots of ambush
predators on the feeding behavior of nonpredatary fishea,
Journal of Ichthyology, 29:110-116,

Gilbert, C.H. 1913, The salmon of Swiftsure Bank, British
Columbia. Commissioner of Fisheries Report. 1912:1 14
18.

Gilhousen, P. 1962. Marine fectars affacting survival of Fraser
River pink salmon. Symposium on pink salmon, University
of British Columbia. T05-109,




Girsa, |.l. 1962, On the decrease of predation by predators on
small fish with respect to the formation in smell fish of
conditioned defense mechanisms. Voprosy Ikhtiologii.
2:747-749,

Godfrey, H. 19608. Review of information obtained from the
tegging and marking of chinook and coho salmon in cosstal
waters of Canada and the United States. Fisheries Research
Board of Canadas Manusoript Report 853,

Godfrey, H. 1971, Production of chinook and ceho salmen by
US hatcheries. Fisheries Research Board of Canada Circular
90 {Nansima). 31p.

Godfray, H., K, Henry, and S. Machidori. 1975, Distribution and
abundence of coho salmon In offshore weters of the north
Pecific Oceen. International North Pacific Fisheries
Commission Bulletin 31. 80p.

Gomelyuk, V.E., A.G. Gamburtseva, and V.B. Sekharov. 1989,
Patterns of variation of comeal light filters in the light filters
in the mesked greenling, Hexagrammoa octogrammus, over
a 24 hour period in ite natural! habitat. Journal of
Ichthyology. 29:79-84.

Gordon, H.S. 1955. Economic factors in catch fluctuations.
Joumnal of the Fisheriess Reseerch Boerd of Canade.
12:85-82,

Gote, 5. 1965, Benefit coho salmon analysis of Hoodsport
hatchery using thres spacies of coho salmon, chinook, and
chum saimon. MS Thesis, University of Washington. B3p.

Gotshall, D.W, 1989. Stomech centents of Pacific hake and
arrowtooth flounder from northern Californis. California Fish
end Game 55:75-82.

Grau, E.G., J.L. Spacker, R.S, Nishioka, and H.A. Bem 1982,
Factors determining the occurrence of the surge in thyroid

activity in salmon during smoltification. Aquaculture.
28:49-57,
Gray, J. 1937. Pssudo-theotropism in fishes. Joumnal of

Exparimental Biology. 14:95-103,

Gresn, P.E.J., end P.D.M. MacDonald. 1987. Analysis from
mark-recapture data from hatchery-raised salmon using
log-linsar models. Canadian Journal of Fisheries and
Aquatic Sciences. 44:316-326.

Gullend, J.A. 1965, Survival of the youngest stages of fish and
its relation 1o yeer class strangth. Special Publications of
the International Commission of Northwest Atlantic
Fisheries. 6:363-371,

Haastein, T., and G, Holt. 1872. The occurrence of vibrio
diseess In wild Nosrwegian fish. Journal of Fish Biology.
4:33-37.

Hager, R.C, and R.E. Noble. 1978. Relation of size at releass of
hatchery-reared coho salmon to age, size. end sex
composition of returning adults. Progressive Fish Culturist.
38:144-147.

Haist, V., J.F. Schweigert, and D. Foumnier. 1987, Stoock
assesarnents for British Columbia herring in 19868 and
forecests of the potential catch in 1987. Canadien
Marwuscript Report of Fisheries and Aquatic Sciences 1828,
83p.

41

19768. Structure of & coestal upwelliing event
observed off Oregon during July 1873. Deep-Sea Research.
23:496-508,

Halpamn, D.

Halvar, J.E., end K. Tiews, editors. 1879, Finfish nutrition and

fishfeed technology. Velume 1. Heenemann
Verlagsgeasiischaft MbH Barlin.
Hemilton, K., and R.R. Garcia. 1988. El Nifio/Southern

Oscillstion events and their asscciated midlatitude
telaconnections. Buliatin of the American Meteorological
Society. 87:1354-1361.

Haney, J.C. 1986. Offshare feeding by guis [Larva) at ocean
fronts in the northeest Gulf of Mexico. Northeast Gulf
Science. B:167-172.

Harkin, D.G., and M.C. Healey. 1986. Depandsnce of

ploitation rates for rv im yield end stock collapse on
age and sex structure of chinook salmon stocks. Canadian

Journal of Fishaties and Aquatic Sciences. 43:1748-1759,

Hanson, K., G.A. Maul, and T.R. Karl. 1989, Are atmospheric
gresnhouse effects apparent in the ciimatic record of the
contiguous US {1895-1987|t Geophysical Research
Lettars. 16:45-52.

Hardia, L.J., T.C. Fletchor, and C.J. Secombes. 1930. The
oifect of vitamin E on the immune rssponse of Atlantic
salmon [Saimo salar L.). Aguacultwre 87:1-13,

Harris, R.G., and M. Rattray. 1954, The surface winds over
Puget Sound and the Streit of Juan de Fuca and their
ceeanographic  affects.  University of Washingten,
Department of Ocsanography Technical Report 37.
Refererce 54-27.

Hart, J.L. 1933, The pilchard fishery of British Columbia.
Bulletin of the Biclogical Board of Canada, 36:1-27.

Hart, C.E., G. Concannon, C.A. Fustish, R.D. Ewing, 1981,
Seaward migration and gill (Ns + K)ATPase activity of spring
chinook satmon in en artificial stream. Transactions of the
American Fisheries Socisty. 110:44-50.

Hartman, G.F. 1985. The role of behavicr in the ecology and
interaction of underyearling coho salmon (Oncorhynch
kisutch) and ateelhead trout {(Saimo gairderi], Journat of the
Fisheries Research Board of Canada. 22:1035-1081.

Hartt, A.C. 1980. Juvenile salmonids in the oceanic ecoaystem
- the critical first summer. in Satmonid Ecosysterns of the
North Pacific, W.J. McNeil and D.C. Himsworth, editors,
Oregon State University Presas. 25-57.

Hartt, A.C., and M.B. Deli. 19886. Early oceanic migretions and
growth of juvenile Pacific salmon snd stesihaad trout.
Intemational North Pacifio Fisheriee Commission Bulletin
48:1-105,

Hassler, T.J., and K. Kutchins. 1990. Homing by chinook
salmon sxposed to morpholine. Califarnia Fish and Game.
78:31-35.

Hauschild, and LaFrance. 1878. Low-flow characteristice of
streams on the Olympic peninsula, Weashington. USGS
Cpen File Report 77-812,




Healey, M.C. 1976, Harring in the dists of Paocific salmon in
Georgia Streit. Fisheries Resesrch Board of Canads
Manuacript Report 1382, 37p.

Healoy, M.C. 1978. The distribution, abundance and feeding.

habits of juvenile Pacific salmon in Geargia Strait, British
Columbia. Canadian Fisheries and Marins Service Technical
Report 788, 49p.

Hualey, M.C. 1979 Detritus snd juvenile salmon produatien in
the Manaimo Estuary: |.Production and fesding rates of
juvenils chum ssimon. Journal of the Fisheries Ressarch
Board of Canada. 36:488-498.

Heaslay, M.C. 1980. Utilization of the Nanaime River estuary by
juvenila chincok salmon, Oncorhynchus tahawytscha.
Fishery Bulletin. 77:653-868.

Healey, M.C. 1882, Catch, escapament and stock-recruitment
for British Columbia chinook salmon since 1951, Canadian
Technical Report of Fisheries and Aquatic Sciences 1107.
77p.

Healay, M.C. 1982b. Juvenile Pacific salmon in estuaries: The
life support system, p.315-342. jn V.S. Kennedy, editor.
Estuarine Comparisons. Academic Press. 709 p.

. Healey, M.C. 19882c. Timing and reistive intensity of
size-selective mortality of juvenile chum salmen
[Oncorhynchus keta] during sarly sea life. Canadian Journal
of Fisheries and Aquatic Sciences, 39:952-957.

Healey, M.C. 1883, Coastwide distribution and ocean migration
pattarns of stream- and ocean-typa chinock salmon,
[Oncorhynchus tahawytacha). Cenadian Field Naturalist
87:427-433.

Healey, M.C. 1388, Optimum size and ags at maturity in Pacific
salmon end eoffects of size-selactive fisheries, p. 39-52. /n
D.J. Meerburg, aditar, Salmonid age at maturity. Canadian
Special Publication Fisherias and Aquatic Scisnces BS.

Healoy, M.C., and C. Groot, 1987, Marine migration and
erientetion of occean-type chincok and sockeys ssimon,
p.298-312. in M.J. Dedswell, ot al. Common strategiss of
anadromous and catadromous fishes. American Fisheries
Society Sympogium 1. 561p.

Healy, M.C., R.V. Schmidt, F.P. Jordon, end R.M. Hunger.
1877. Juvenita salmon in the Narmaimo area 1975
Distribution and abundance. Fisheries Research Bosrd of
Canada Manuscript Report 138%. 1681p.

Heg, R., and J. Van Hyning. 1951. Food of the chinook and
silver salmon taken off the Oregon coast. Oregon Fish
Commission Research Brisfs. 3:32-40.

Helle, J. 1979. Influence of marine anvironment on age and size
at maturtity, growth, and sbundance of chum salmon,
Onearhynchua keta {Walbsum}, from Oisen Creek, Prince
William Sound, Alsska. PhD Dissertstion, Oregon State
Uriversity. 118p,

Hemmingsen, A.R.. F.A. Holt, R.D. Ewing, and J.D. Mecintyre.
19886. Susceptibility of progsny from crosses among thies
stocks of coho salmon to infection by Ceratornyxs shasts.
Tranaactions of the Amarican Fisheries Society,
116:492-495.

Henry, K.A. 1963. Analysis of factore affecting the production
of chum salmeon (Onearhynehus ketalin Tillamook Bay, Fish
Commission of Oregon Contribution 18, 37p.

Henry, K.A. 1971, Estimates of maturation and ocean mertelity
for Columbia River hatchery fall chinook salmoen and the
effact of no oceen fishing on yield, Oregon Fish
Cormmission Research Report. 3:13-27,

Henry, K.A. 1972, Oceen distribution, growth, and effects of
the troll fishery on yield of fall chinocok salmon from
Columbia River hatcheries. Fishery Bulletin, 70:431-445.

Hertinveaux, R.H., and J.P Tully. 1961, Some occeancgraphic
features of the Juan de Fuca Strait. Journal of the Fisheries
Research Board of Caneda. 18:1027-1071.

Herron, R.C., T.D. Leming, and J. Li. 1889, Satellite detected
frents and butterfish sggregations in the northesstern Gulf
of Mexico. Continents! Shelf Ressarch. 9:569-588.

Hershbarger, W.K., and R.N. Iwamoto. 1986, Systematic
genetic selection and bresding in salmonid culture and
enhancement programs. p.29-32 in C.J.Sindermen, editor,
Procesdings of the 11th US-Japan meating on aquaculture,
salmon enhancement. NOAA Technical Report National
Marirne Fisheries Service 27, 102p.

Hickay, B.M. 1979. The Califernia current system - hypotheses
and fact. Progressive Oceanogrephy. 8:191-279.

Hida, 7.5. 1957, Chaetognaths and ptercpods as biological
indicators in the north Pacific. US Fish and Wildiife Service
Special Scientific Report 215. 13p.

Hilborn, R. 1976. Optimal exploitation of multiple stocks by a
common fishery: a new methadelogy. Journal of the
Fisheries Resesrch Board of Canada, 33:1-5.

Hirsch, K.V. 1980. Winter scolagy of sea ducks in the inland
marine waters of Washington. MS Thesis. University of
Washington. 92p.

Hoar, W.5. 1951, The behavior of chum salmen, pink selmon,
and coho salmon in reletion to their seeward migration.
Joumal of the Fisheries Ressarch Boerd of Canada,
8:241-263.

Hoar, W.S. 1954, The behavior of juvenile Pacific salmon with
particular refarence to the sockeye [Oncorhynehus nerkas).
Journal of the Fisheries Ressarch Board of Canada,
11:69-97.

Hoar, W.S. 1958. The svolution of migratory behavior amang
juvenile ssimon of the genus Oncorfiynchus. Journal of the
Fisheriss Ressarch Board of Canads. 15;3917-428.

Hoar, W.S. 1976. Smalt transformation: evolution, behaviour,
and physiology. Journal of the Fisheries Research Board of
Canade. 33:1233-1252.

Hollister, H.J., and A.M. Sandnes. 1972, Ses surface
temperatures and salinitiss et shore stations on the British
Columbie coast, 1914-1970. Cenadian Pacific Marine
Socience Report 72-13, 93p.

Holtby, L.B. 1989. The importance of smolt size to marine
survival of coho salmen. p. 211-219 /i Proceadings of the
1988 Northeast Pacific Chinoock and Coho Salmon
Workshop.




Holtby, L.B., B.C. Andersen, and R.K. Kadowaki. 1890.
Importance of smolt size and early oocean growth to
interannual varisbility in marine survival of ooho salmon
{Oncorhynchus kisuteh). Canadien Journal of Fisheries and
Aquatic Sciences. 47:2181-21584,

Houde, E.D. 1988. Comparative growth, mortality, and
anergetics of marine fish larves: tempsrature and implied
|latitudinal affects. Fishery Bulletin. 87:471-486,

Hourston, A.5. 1980. The decline and recovery of Canada’s
Pacific herring stocke. Rapp P-v Reun Cons Int Explor Mer,
177:143-153.

Hourston, A.5., and F.W. Nash. 1972, Millions of fiah at age in
British Columbia adutt herring populations 1950-1 to
1969-70. Fisherias Ressarch Board of Canada Technical
Report 357. 123p.

Houston, A.H. 1957. Responses of Juvenile chum salmon, pink
salmen, and coho salmon to sharp seawester gradients.
Canadian Journel of Zoology. 35:371-383.

Howiland, H.C. 1974 Optimal strategies for pradator svoidance:
the relative importance of speed snd manoeuverability.
Journal of Thearatical Biology. 47:333-350.

Hubbs, C.L. 1828. The structural conssquences of
maodifications of the developmental rate in fishes,
coneldered in refsrence to certain problsmae of eveolution.
American Naturalist. §0:57-81.

Hunter, J.G. 1959, Survival and production of pink and chum
agimon in a coastal stream. Joumal of the Fisheries
Research Board of Canada. 16:835-865.

Huntingford, F.A. 1976. The relationship between antipredator
bshaviour and sggression among conspecifice in the
three-spined stickleback, Gasterostaus aculestus. Animal
Behavior. 24:245-260.

Huntingfaerd, F.A., N.B. Meicalfe, J.E. Thorpa, W.0. Graham,
oand C.E. Adams. 1990. Socisl dorminance and body sizs in
Atlantic saimon parr, Saimo safer L. Journal of Fish Biology.
36:477-881.

Huyer, A. 1982. Coastal upwelling in the California current
systemn. Progressive Oceanography. 12:2509.284.

Huyer, A., R.D. Pilishury, R.L. Smith. 1975, Sessonal variation
of the alongshore velocity field over the continental shetf
off Oragon. Limnology and Oceanography 20:80-95.

Hvidsten, N.A., and P.], Mokkelgjerd. 1987. Predation on
salmon smolts, Safmoc safar L., in the estuary of the Rivar
Surna, Norway. Journal of Fish Biology. 30:273-280,

Ingresham, W.J. 1968. The geostrophic circulation end
distribution of water properties off the cossta of Vancouver
lsland and Washington, spring and fsll 1983, Fishery
Bulletin, 668:223-250.

frvine, J.R. and B.R. Ward. 1989. Patterns of timing and size of
wild coho salmon smolts migrating from the Keogh Rivar
wetershed on northern Vanoouver Islend. Canadian Journal
of Fisheries and Aquatic Sciences. 48;1086-1084,

Ito, J. 1864. Food and feeding habits of Pacific saiman {genus
Oncorhynchus] in their oceanic life. Fisheries Ressarch
Board of Canada Transletion 1309,

a3

ito, J., and R.A. Parker. 1971. A record of Pacific herring
feading on juveniis chinaok ssimon in a British Columbia
sstuary. Joutnal of the Fisheries Research Board of Canada.
28:1921.

jwamoto, R.N., and E.O. Selo. 1977. Estuarine survival of
juvenile saimonids: a review of the literature, report to
Washington Department of Fisheries. University of
Washington - Fisharies Research Institute 807. 64p.

Jamon, M. 1990. A resssessment of the random hypothesis in
the ocean migration of Pacific salmen. .Journal of
Theoretical Bielogy. 143:187-214,

Johnson, ALK. 1970. The effect of size at reiease on the
contribution of 1984 brood Big Creek Hatchery coho
salmon to the Pacific coast sport and commarcial fisheries.
Research Report of the Fish Commission of Oregon.
2(11:1-13,

Johnson, S.L. 1984, The affects of the 18983 El Nife on
Oregon’s coho and chinook salmon. Oregon Department of
Fish and Wildlifs Information Report 84-8. 40p.

Johnson, F.C. 1874, Hateh - & modal of fish hatchery analysis.
Nationa! Buresu of Standards. Report NMBSIR 74-621.
92p.

Johnson, F.C. 1977. Salmon snhancement analysis. MNational
Bursau of Stendards. Unpublished Raport to Washington
Dopartrment of Fisheries, Olympia, WA. 39p.

Johnson, J.H. 1961, Saa surface temperature monthly average
and anomaly charts northeastern Pacific Ocean, 1947-88.
US Fish and Wildlife Service Special Scientific Report
Fishariea 385,568p.

Johnson, S.L. 1982. A review and evalustion of release
strategies for hetchery reared coho salmon. Oregon
Deapartmant of Fish and Wildlife Infarmation Repart 82-5.
47p.

Johnson, §.L., M.F. Solazzi, and T.E. Nickelson, 1890, Effects
on survival and haming of trucking hatchery yearling ceho
salmon to relsase sitea. North American Journal of Fisheries
Managsmant, 10:427-433,

Johnsson, J.l., and M.V. Abrahems. 1991. Interbrasding with
domestic strain increases foraging under threat of predation
in juvenile steelhead trout (Oncorhynchus mykiss): an
experimantal study. Canadian Joumnal of Fisheries and
Aquatic Scisnces. 48:243-247,

Jones, R. 1873, Density dependent ragulation of the number of
cod and haddock. Rapp Pv Reun Cons Perm Int Explor Mer,
1684:158-173.

Jones, B.C., and G.H. Gesn. 1877, Food and fesading of spiny
dogfish (Squalus acanthias} in British Columbia waters.
Journal of the Fisheries Research Board of Canada.
34:20067-2078.

Jones. 1980. Forecasters use environmental data to predict
retums of pink salmen. Coastal Ocesogrephy end
Climatological News, 218.

Junge, C.0., and Oskley. 19688, Trends in production rates for
upper Columbia River runs of salmon and steslhead and
possible affects of changes in turbidity. Oregon Fish
Commission Research Briefs 12:22-43,




Junge, C.0., and L.A. Phinney. 1963. Factors influencing the
return of fell chinook selmon [OncorAynchus tehawytachs)
to Spring Cresk Hatchery. US Fish and Wildlifa Sarvice
Speciel Scientific Report Fisheries 445, 32p,

Kaczynski, V.W., R.J, Feller, J. Clayton, and R.J. Gerke, 1973.
Trophic analysis of juvenile pink end chum salmon
[Oncorhynchus gorbuscha and 0. kets) in Puget Sound.
Journal of the Fisheries Raesearch Board of Canada.
30:1003-1008.

Karl, D.M., and P.A. LaRorck. 1975. Adencsine triphosphate
measurements in soil and marine sediments. Journal of the
Fisheriea Ressarch Board of Cenada. 32:598-807,

Kanworthy, B.R., J.H. Meysr, and R.S. Boomer. 1985, Quilcene
Nstional Fish Hatchery outmigrant svalustion study. US
Fish and Wildlife Service. Fisheries Assistance Office,
Olympia, Washington. 33p.

Ketchen, K.5. 1958. Climatic trends and fiuctuations in yield of
marine fisheries of the northeest Pecific. Journal of the
Fisheries Ressarch Board of Canada. 13;357-374.

Ketchen, K.S., N. Bourne, and T.H. Butler. 1983. History and
present statuw of fisheries for marine fishes and
invertebrates in the Strait of Georgia, British Columbia.
Cansadian Journal .of Fisheriss snd Aquatic Sciences.
40:1085-1119.

Kinder, T.H., G.L. Hunt, D. Schneider, J.D. Schumacher. 1983,
Correlations between seabirde and ocesnic fronts sround
the Pribilof Islands, Alasks. Estuarine, Coastal, end Shelf
Scisnce. 16:309-319.

Kirkness, W, 1848, Food of chinook and silver salmon of Puget
Sound, Weshington Department of Fisheries Annual Report.
1948:28-32.

Knudsen, C.M., C.K. Harris, and N.D. Davis. 1983, Origine of
chineck saimon in the area of the Japanese mothership and
land-based drift-net fisheries in 1980. University of
Washington-Fisheries Research Institute. 83125, 71p.

Kopenski, RP., sand E.A. Long. 198%. An environmental
assessment of northern Puget Sound and the Strsit of Juan
de Fuca - a summary, National Ocsanic and Atmospheric
Administration/OMPA, Seattle. 32p.

Kundu, PK., and J.S. Allen, 1976. Some three-dimensional
characteristics of low-frequancy fluctuations near the
Oregon  coest. Journa! of Physical Oceanagraphy.
6:181-199.

Kury, C., and M. Gochfield. 1975. Human interference and gull
predation in cormorent colonies. Bio! Conserv. B:23-34.

Lagler, K.F., end A.T. Wright. 1962. Predation of the dolly
verden, Safvelinus malma, on young salmons,
Oncorhynchus spp., in an sstuary of southeastern Alasks.
Transactions of the American Fisherias Socisty. 91:90-93,

Laird, and Galt. 1975. Observations of currents and watsr
properties in Puget Scund, 1973. NOAA Technica! Report
ERL 327-PMEL 23.

Lander, R.H. 1973, Problem of bias in models to approximatse
ocsan mortelity, maturity, and abundance schedules of
salmon from known simolts and returns. Fishery Bulletin.
71:513-525,

Langhorne, P., and T.H. Simpson. 1386. The inter-relationship
of cortisol, gilliNa + K]ATPpase, end homeostasis during the
parr-smolt transformation of Atlantic salmon (Sa/imo aalar
L.]. General and Comparative Endocrinology. §1:203-213.

Lapkin, V.V., A.G. Poddubnyy, and A.M. Svirakiy. 1889,
Sessonal changes in the behavior of fish at high density,
Journal of Ichthyclogy. 29:138-140,

Larkin, P.A. 1877, An epitaph for the concept of MSY,
Trermactions of the American Fisheries Society. 108:1-11,

Larkin, P.A. 1978, Fisheries managstnent - an essay for
ecologists. Annual Review of Ecclogy end Systematics.
9:57-78,

Larkin, P.A. 1979, Mayba you cant get thers from here: a
foreshoriened history of ressarchin relation to management
of Pacific salmon. Journal of the Fisheries Research Board
of Canada. 36:98-108,

Larkln, P.A. 1980. Pacific salmon - scensrios for the futurs.
University of Washington, D.K. McKeman Lectures. 22p.

Larsson, P-Q, 1985. Predation on migreting smolt as a
regulating factor in Balic selmon, Saimo saler L.,
populations. Journal of Fish Biology. 26:291-397.

Laufie, J.C., G.B. Pauley, and M.F. Shepard. 1988. Species
profilos: life histories and environmental raguirements of
coastal fishes and invertebrates [Pacific nerthwest] coho
salmon. US Fish and Wildlife Service - Biological Report
82{11.48], US Army Corps of Enginears TR EL-82-4. 18p.

Leurs, R.M, P.C. Fiadler, D.R. Montgomary. 1984, Albacare
tuna catch distributions relative to environmental features
observad from sstellites. Desp Ses Research.
31:1085-1089,

Leuzier, L.M. 1972, Climatic change in the marine sub-arctic.
Transactions of the Royal Society of Canade Series 4.
10:297-307.

Leary, RF., F.\W. Allendorf, and K.L. Knudsen, 1987,
Differences in inbreading cosfficients do not explain the
sstociation betwesn heterozygosity at ellozyme loci and
devsiopmental stability in rainbow trout. Evolution.
41:1413-1415,

LeBrasseur, R.J. 1965. Biomass atlas of net zooplankton in the
northeastern Pacific Ocean 1958-1964. Canadian Fisheries
and Marine Service Manuscript Report (Oceansgraphy and
Limnolagy}. 201, 261p.

LeBraassur, R.J. 19668. Stomach contents of salmon and
steslhead trout in the northeastern Pacific Ocean. Journal
of tha Fisheries Ressearch Board of Canada, 23:85-100.

Les, P.J. 1971, Multivariate analysis for the fisheries biologist,
Figheries Reseerch Bosrd of Canada Technical Report 244.
1892p.

Levy, D.A. 1977, The sffects of experisnice on the acquisition
of food by juvenile chum saimon in e tidsl creek of the
Squemish River Estuary, BC. MS Thesis, University of
British Columbia, @1p.




Levy, D.A., and C.D. Levings, 1978. A desoription of the fish
community of the Squamish River Estuary, British
Columbia: reistive abundence, seasonal changes, and
feading habits of salmonids. Canadian Fisharias and Marine
Sarvice Manuscript Report 1475, 83p.

Levy, D.A,, and T.G. Northcote. 1981. The diatribution and
abundance of juvenila saimon In marsh habltats of the
Fresar River Estuary. Wastwater Ressarch Centre,
University of British Columbia, Technical Report 25. 117p,

Li, H.W., and R.W. Brocksen. 1977. Approaches to the analysis
of snergetic costs of intraspacific compstition for space by
rsinbow trout (Sedmo gairdner). Joumnal of Fish Biology.
11:328-341.

Lichetowich, J.A., and J.D. Mcintyre. 1887. Uss of hatcheries
in the management of Pacific snadromous salmonids. p.
131-136 /n M.J. Dadswell, st al. Common Strategies of
Anadromous and Catadrormaus Fishes. Americen Fisheries
Society Symposium 1581 p.

Lister, D.B., and C.E. Walker. 1966, The sffect of flow control
on freshwater survival of chum, cohe, and chinook in the
Big Qualicurn River. Cenadian Fish Culturist. 37:3-25.

Livingston, P.A. 1983, Food habits of Pacific whiting,
Meriuccius productus, off the west coast of North America,
1987 and 1980. Fishary Bulletin 81:629-638,

Lorz, H.W., end B.P. McPherson. 1976. Effects of coppar or
zinc in freshwater on the adaptation to ses water and
ATPess activity, snd the effects of copper on migratory
disposition of coho salmon. Journal of the Fisheriss
Research Board of Canada, 33:265-275.

Ludwig, D., and C.J. Waltars. 1981, Meesurement errors and
uncertainty in parameter estimates for stock and
recruitment. Canadien Journasl of Fisheries and Agquatic
Sciences. 38:711-720.

Maece, P.M. 1983. Bird predation an juvenila ssimonids in the
Big Qualicom Estuary, Vencouver lsland. Canadian
Technical Report of Fisheries and Aquatic Sciences 1176.
79p.

Mshnken, C.V.W., E.F, Prentica, F.W. Waknitz, G. Monan, C.
Sima, and J. Williams, 1982. The application of recsnt
smoltification reseerch to pubtic hatchery relesses; An
assesasmant of size/time requirements for Celumbia River
hatchary coho saimon (Oncorhynchus kisutch). Agquaculture
28:251-288.

Majer, P.F. 1878, Predator-prey interactions in two schooling
fishes, Caranx ignobifis and Stolephorus pupereys. Animal
Behavior, 28:760-777.

Maitzeff, E.M., and P.D. Zimmar. 1863. Fall chinook salmon
returns to hatcheties in the Bonneville Dam pool area,
1946-60. US Fish and Wildlife Service Special Scientific
Rsport Fisherias 437. 13p.

Manuwal, D.A. 1977. Marine bird populations in Washington
state. Unpublished Report to National Wildiife Federation,
University of Washington, Seattie. 118p.

45

Manuwal, D.A., T.R. Wahl, and S.M. Speich. 1979. The

seasonal distribution and abundance of marine bird
populations in the Strait of Juan de Fuca and northern
Pugset Sound in 1978. National Cosanic and Atmospheric
Administration Technicat Memo ERL MESA-44:391p.

Manzer, J.|. 1958. Distribution and movements of young Pacific
salmon during sarly ocean residence. Fisheries Research
Board of Canada Pecific Progress Report. 106:24-28.

Manzer, J.I. 1989, Stomach contents of juvenile Pacific salmon
on Chatham Sound and adjacent wataers. Joumal of the
Fisheries Research Board of Caneda. 268:2218-2223,

Martin, R.M. 19688. Effects of rearing density and size at amait
releass on size, age, and rate of adult chinook salmon
returns. p. 196-198 in Report of the 1987 Alasks chinook
salmon workshop. NMFS Northwest and Alaska Fisheries
Center Processed Report 88-06. 244p,

Martin, R.M., and A. Wertheirmer. 1989, Adult production of
chinock salmon reared at different densities and relassed as
two smolt sizew. Progressive Fish Colturist, 51:194-200.

Martin, and Mitchell. 1985. Influence of sea temperature upon
the number of grilse and multi-ssa-wintar saimon caught in
the vicinity of the River Dee (Absrdeerwhire]. Canadian
Journat of Fisheries and Aquatic Sciences 42:1513-1521.

Mason, J.C. 1974. Behavioral scology of chum selmeon fry
{Oncorhynchus keta) in 8 small estuery. Journal of the
Fisharios Ressarch Board of Canada. 31:83-92.

Masen, J.C. 1976. Seaward movement of juvenile fishes,
inciuding lunar periodicity in the movemsnt of coho selmon
[Oncorhynchus kisutchl fry. Journsl of the Fisheriss
Research Board of Canada, 32:2642-2547.

Mason, J.E., and A, Bakun. 1988. Upwelling index update, US
west coest, JIN-4BN latitude. National COceanic and
Atmospheric Administration - Nationsl Marine Fisheriea
Servica Technical Memo 67, B1p.

Mathews, S.8., and R, Buckley. 1978. Marine mortality of
Puget Sound coha salmon (Oncorhynchus kisutch), Journal
of the Fisheriss Ressarch Board of Canada. 33:1677-1684.

Mathews, S.B.. and Y. Ishida. 1989, Survival, ocaan growth,
and ocean distribution of differentially timed releasee of
hatchery coho salmon. Canadian Journal of Fisheries and
Aquatic Sciances, 46:1218-1226.

Mathews, 5.B., and F.W. Qlson. 1980, Factors affacting Puget
Sound ccho salmen runs. Canadian Journal of Fisheries and
Aquastic Sciences. 37:1373-1378.

Mathows, S.B., A. Stohr, K. Hslliday, and D. Glass. 1985. Size-
dependent mortality of Columbia River ucho salmon in:
1983-84 Ressarch in Fisheries, University of Washington
School of Fisheries Contribution No. 670:63-64.,

May, F.H. 1937. The food of the fur sesl.
Mammalogy. 18:99-100,

Journal of

Mcéride, J.R. 1967, Eftfects of feading on the thyroid, kidney,
and pancreas in sexually ripening adult sockeye salmon
(Oncorhynchus nerks). Journal of the Fisheries Hesearch
Board of Canada 24:67-75.




MeCerl, B.A., and R.B. Rettig. 1983, Influence of hatchery
smolt relesses on adult selmon preduction and its
variability. Canadian .Journal of Fisheries and Agquatic
Sciences. 40:1880-1886.

McDoneld, J. 1960, The bshavior of Pacific selmeon fry during
their downstrsam migration to freshwater end saltwater
nursety arsss. Jounal of the Fisheries Ressarch Board of
Canade. 17:655-878,

MoGie, A.M. 1981, Trends in escapement and produation of fall
chinock and cohe salmon in Oregon. Oregon Department of
Fish and Witdlife Information Report 81-7. 44p.

McGla, A.M. 1884, Commentary: evidence for
density-dependence smong coho sslmon stocks in the
Oregon production index area. p. 37-48 in W.G. Pearcy,
aditor, The influence of acaan gonditions on the production
of salmonide in the North Pecific. Oregon State Univarsity
Sea Grent Publication ORESU-W-83-001,

Mcinemsy, J.E. 1984. Salinity praference: an orientation
machanism in salmon migration. Journal of the Fisharies
Research Board of Canade. 21:995-1018.

Mointyre, J.D. 1985, Smolt quality and the effectivensss of
Columbia River hatcharies. US Fish and Wiidlife Service
memorandum. 25p,

McKernsn, D.L., D.R. Johnson, and J.I. Hodges. 1950. Some
factors influencing trends of salmon populations in Oregon,
Transactions of the North Americen Witdlifs Conference.
15:427-449,

Megia, T.G. 1956. The temperature and salinity characteristics
of Puget Sound and the Strait of Juan de Fuca based on
the MV Cetalyst observations of 1932 to 1842. MS Thesis,
University of Washington. B7p.

Merkel, T.). 1957. Food habits of the king salmon,
Oncorhynchus tashawytscha (Walbauml, in the viginity of
San Francisco, California. California Fish and Gsme.
43:248-270.

Meyer, J.H. 1978, A review of the literature on the value of
estuarine and shoreline areas to juvenile salmanids in Puget
Sound, Washington. U3 Fish and Wildlife Sarvice, Fishaties
Assistance Office - Olympia, Washington 24p,

Meyar, JH., and R.A. Adsir. 1978, Puget sound herring
surveys. US Fish and Wildlife Servics, Fisharies Assistance
Office - Olympia, Washington. 71p.

Meysr, J.H., T.A. Psarce, and S.B. Pstlan. 1881. Distribution
end food habits of juvenile salmonids in the Duwemnish
estuary Washington, 1980. US Fish and Wildiife Sarvice -
Fisharisa Awsistance Office, Olympia, Washington. 42p,

Miller, R.B. 1953. Comparative survivel of wild and
hatchery-reared cutthroat trout in & stream. Trensactions of
the American Fisherias Society. 83:120-130,

Miller, B.S., C.A. Simenstad, J.N. Cross, K.L. Fresh, S.N.
Steinfort. 1980. Nearshare fish and macroinvertebrate
assemblages along the Strait of Juan de Fuca including
food habits of the comman nearshors fish: Final repart of
thres  years’ sernpling, 1976-1979. University of
Washington - Fisheries Research Institute 8001, 21 tp.

46

Miller, B.5.. C.A. Simenstad, K.L. Fresh, F.C. Funk, W.A,. Karp,
S.F. Borton, end L.L. Moulten. 1977. Puget Sound baseline
progrerm: nearshore fish survey. University of Waeshington
- Fisheriss Ressarch Institute 7710. 220p.

Miller, D.R., J.G. Williams, C.W. Sims. 1983, Distribution,
abundance, and growth of juvenile salmonids off the coast
of COregon eand Washington, summer 1980. Fisheries
Research 2:1-17.

Milne, D.J. 1957. Recent British Columbia spring and coho
salman tagging sxperdments, and a comparison with those
conducted from 1925 to 1930. Bulletin of the Fishesies
Research Board of Canada 113, 58p.

Misitanc. 1974, Zooplankton, water temperature, and salinities
in the Columbia River estuary, December 1971 through
December 1972. National Marine Fisharies Service Data
Report 92. 31p.

Mitton, J.B., and M.C. Grant. 1984. Associations among
protsin heterozygosity, growth rate, and developmentsl
homecatasis. Annusl Review Ecol Syst, 15:479-499,

Mook, W.C..and B.K.5. Kosne. 1975, Estuarine Coastal Marine
Science, 3:325-338.

Moring, J.R. 1978. Contributions of delayed relesss
per-cultured chinook salmon to the sports fishery in Puget
Sound, Washington. Progreesive Fish Culturist, 38:36-39.

Morley, R.B., H.T. Bilten, A.S. Coburn, D. Brouwer, J. van Tins,
and W.C. Clarke. 1988, The inffusnca of time and size at
releass of juvenile coho satmon {(Oncorhynchus kisutch) on
returns at maturity: results of studies on thras brood years
at Quinaam Hatchsry, British Columbia. Cenadian Technical
Report of Fisheries and Aquatic Scisnces 1620. 120p.

Morley, R.L., and R.A. Ring. 1872. Tha intertidal Chironomidae
(Diptara) of British Columbia H. Life history and population
dynamics. Canadian Entomologist. 104:1099-1121.

Morris, A.W., R.F.C. Mantoura, A.J, Bale, and R.J.M. Howland.
1978, Very low salinity regions of estuaries: important sites
for chemical and biclogicel reactions, Nature, 274:878-680.

Muelier, H.C. 1871, Oddity and spacific search image more
important than congpicuousness in prey selection. Nature
London. 233:345-346,

Muelier, H.C. 1976, Hawks select odd prey. Science.
188:853.954.

Mullan, 1.W, 1987. Status and prepagation of chinock salimon
in the mid-Columbia River through 1985. US Figh and
Wildlite Service Biological Report 87(3). 111p.

Mullin, M.M,, and A. Conversi, 1989. Biomasses of euphausiids
snd smaller zooplankton in the Catifornia current -
geagraphic and interennual comparisons ralative to the
Pacific whiting, Merluccius productus, fishery. Fishery
Bulletin. 87:833-044.

Mundis, J.H., D.E. Mounce, and K.5. Simpson. 1980.
Semi-natural rearing of coho salmon, Oncorhynchus
kisutch(Walbaum), smolts, with an essessmeant of survival
to tha catch and escapsment. Aquaculture snd Figheties
Management 21:327-345.




Munre, J.A., and W.A. Clemens. 1937, The Ameriosn
merganser in British Columbia and its relation to the fish
population. Fisheries Ressarch Board of Cenada Bulletin §5.
50p.

Murdech, W.W. 1973. The functional response of pradators,
Journal of Applied Ecology. 10:335-342.

Murphy, G.I. 1981, Oceanography and variations in the Pacific
sardine population, California Coop Oceanic Fish. Invest.
Report. 8:55-64,

Mysre, K.W.W. 1880. An investigation of the utilization of four
study areas In Yaquina Bay, Oregon by hatchery and wild
juvenile salmonids. MS Thesis, Oregon State University,
234p,

Myers, K.W, and H.F. Horton. 1982, Temporal use of en
Oregon eatusry by hatchery and wild juvenile salmon. p.
377-392 in V.S. Kennedy, aditar. Estuarine Comparisons.
Academic Press. 709 p.

Myeak, L.A_ 1986. El Nifio, interannai veriability and fisheries
in the northeast Pacific oceen. Cenadian Journal of
Fisheries and Aquatic Scisnces. 43:484-497,

National Weather Service. 1985. Oceanographic monthly
summary. US Deaprtment of Commarce, National Ooeanic
and Atmospheric Administration. 25p.

Neave, F. 1953. Principles affecting the size of pink and chum
salmon populations in British Columbia. Journal of the
Fisheries Ressarch Board of Canada. 9:450-481.

Neave, F. 1955. Notes on the seaward migration of pink and
chum salmon fry, Journal of the Fishsries Research Bosrd
of Canada. 12:389-374.

Neave, F. 1864, Ocean migrations of Pacific saimon. Journal of
the Fisheries Rossarch Board of Canada. 21:1227-1244,

Neavs, F., and M.G. Hanevan. 1960, Sessonal distribution of
somae spipslegic fishes in the Gulf of Alaska region. Journal
of the Fisheries Research Board of Canada. 17:221-233.

Neill, $.R.St.J., and J.M. Cullen. 1974, Expariments on whether
schooling by their prey affects the hunting behaviour of
cephalopods end fish predators. Proceadings of the
Zoalogical Society of Landan, 172:549-569,

Neitson, J.D., G.H. Geen, end D. Bottom. 1985. Estuarine
grawth of juvenile chinook salmon |Oncorhynchus
tshawytacha) es inferred from otolith microstructure.
Canadian Journal of Fisheries and Aquatic Sciences,
42:699-908,

Neitzel, D.A,, and D.H. Fickeisen. 1950. Proceedings of the
snadromous fish relesse strategies workshop, December
11-14, 1989. Bonnevills Power Administration Project
B6-118. 21p.

Newby, T.C. 1973. Changes in the Waeshington state harbar
seal populstion 1942-1972, Murrelet 54:4-8,

Nickelson, T.E. 1983. The influence of oceen conditions on
abundence of cohe salmon {Oncorhynchus kisutch) in the
Oregen production arsa. Oregon Departrment of Fish and
Wildlife, Fish Division Information Report B3-6. 23p.

47

ocean

upwaelling,
temperature, and smolt sbundance on marine survival of

Nickelson, T.E. 1986. Influences of
coho salmon (Oncorhynchus kisuteh) in the Oregon
Production Area, Cenadian Joumnal of Fisheries Agqustic

Science. 43:527-535,

Nickelscn, T.E., M.F. Solazzi, and S.L. Johnson. 1986. Use of
hatchery coho salmon (Oncorhynchus kisutch) presmolts to
rebuild wild populations in Oregon coastal straams.
Cenadisn Journal of Fisheries and Aquatic Sciences.
43:2443-2449,

NMFS. 1991, Comperison of alternatives for caloulating ABRs
for selected marine mammal stooks. Table preserted at
hearing on regulation of merins mammal/commercial fishing
intaractiona. Sand Point Lab, Weshington. 2/15/91.

Nordeide, J.T., end, T. Svisand. 1990. The behavior of wild
end reared juvenile cod, Gadus morhus L., towards a
potential predator. Aquaculture and Fisheries Managament
21:317-325.

Neovotny, A.J. 1978, Epizcotics of vibriosis and furunculosis in
marine cultured salmon. Marine Fishariea Review.
40:5265,

Novotny, A.J. and C.V.W. Mahnken. 1971. Predation on
juvanile Pacific selmon by a marine isopod. Fishery Bullatin.
59:699-701.

O’Brien, W.J., H.l. Browman, and B.]. Evans. 1990. Search
strategies of foreging animals, American Scientist
78:152-180.

O’Connell. 1860, Use of fish school for conditioned reaponse
axperimants. Animal Behavior, 8:225-227.

O’'Connor, R.J. 1977, Ocean growth, mortality, and maturity of
Columbia River fall chineck salmon. MS Thesis, University
of Washington. 71p,

Ofitserov, M.V., T.5. Golovenova, L.V. Vitvitkaya, and S.|,
Nikoncrov, 1989. £ffects of hatchery cultivation on the
genetic variability of Atlantic salman, Seimo salsr. Journal
of lchthyology. 29:132-135.

Okads, and Teniguchi. 1971. Size relationship between salmon
juvenites in shore waters and their prey enimals. Buliatin
Pacific Fish, Hokkaide University, 22:30-36.

Olesiuk, P.F., M.A. Bigg, and G.M. Ellis. 1990. Recent trends in
the sbundance of harbour seals, Phocs vitwina, in British
Columbie. Canadien Journal of Fisheries and Agquatic
Sciences. 47:992-1003.

Ofson, F.C.W. 1984. The survival value of fish schooling.
Journal Conseil International Exploration Mer. 29:116-118,

Oison, F.W, 1978, An evaluation of factors affecting the
survival of Puget Sound hatchary-reared coho salmon
|Oncorfrynchus  kisutch). MS  Thesis, University of
Waeshington. 72p,

Oison, D.B., and RH, Backus. 1985 The concentrating of
organisms at fronts: 8 cold-weter fish and a warm-core gulf
stream ring. Journal of Marine Resesrch. 43:113-137.

Orsi, J.A, 1987, Small versus large trolling lures for sampling
juvenile chinook salrmon and coho salmon. Transactions of
the American Fisheries Socisty. 116:50-53.




Otis, L.S., and J.A, Cerf. 1963. Conditioned avoidence lsaming
in two flsh species. Paychological Reporte. 12:679-682.

Outram, D.N., editor, 1975. Proceedings of the second annusl
Pacific cosst herring workshop, Oectober 30-31, 1974.
Fisheries Research Board of Canada Menuscript Repart
Series 1342, 85p,

Outrem, D.N., and C.W. Haegele. 1972. Food of Pacific hake
{Meriuccius productus] on an offshore bank southwest of
Vancouver Island, British Calumbia, Joumnal of the Fisheries
Research Board of Canada. 29:1792-1795.

Owan, R.W. 1968. Ocesnographic conditions in the northeast
Pacific Ocean and their relation to the slbacore fishery.
Fimhery Bulletin 66:503-526.

Peloheimo, .LE. 1879. Indices of food typs preference by &
predator. Journal of the Fisheries Research Board of
Canada. 38:470-473.

Parker, R.R. 1980, Critioal size and maximum yield for chinook
salmen (Oncorhynchus rtshawytschs). Joumnal of the
Fisheries Research Board of Canada. 17:188-210.

Parker, R.A. 1882, Estimation of ocean mortality rates for
Pacific salmen. Journel of the Fisheriss Ressarch Board of
Canada. 19:661-589,

Parker, ALR. 1963. On the problem of maxitnum yield from north
Pacific sockeye ssimen stocks. Journal of the Fisheries
Ressarch Board of Cansda. 20;1371-.1388,

Parker, R.R. 1986. Estimsticn of sea mortality rates for ths
1961 brood-year pink saimon of the Bella Coola area,
British Columbia. Journal of the Fisheries Aesearch Board of
Canada. 22:1523-1554,

Parker, R.R. 1968. Marine martality schedules of pink salmon of
the Belle Cools river, central British Columbia. Journal of
the Fiaheries Rewssrch Board of Cenada. 26:767-794.

Parker, R.R. 1971, Size selective predation among juvenile
sairmonid fishes in a British Colurmbis inlet, Jourmnal of the
Fisheries Research Boerd of Canada. 28:1503-1510.

Parker, R.R., and W.E. Vanstons. 1888. Changes in chemical
compesition of central British Coturnbia pink salmon during
aarly sea life, Journal of the Fisheries Ressarch Board of
Canada. 23:1353-1384.

Pargons, T.R., L.F. Giovando, and R.J. LeBrasseur. 1966. The
advent of the spring bloom in the sastern subarctic Pacific
Ocean. Journal of the Fisheries Resserch Board of Canada.
23:639-548,

Patifio, R., C.B. Schrack, J.L. Banks, and W.5, Zsugg. 19886.
Effects of rearing conditions on the developmental
physielagy of srmolting coho salmon. Transsctions of the
Amsrican Fisharies Society. 115:828-837.

Pattern, B.G. 1962, Cottid p Y upon sal v fry in a

Washington stream. Trantactions of the American Fisheriss

Society. 91:427-429,

Patten, B.G. 1971e. Predation by sculping on fell chinook
salmon {Oncorhynchusz tshawytschal fry of hatchery otigin.
National Marina Fisharies Service, Special Scisntific Report
- Fisheriss 621_ 14p.

48

Patten, B.G. 1971b. Increasad pradation by the torrant sculpin,
Cottus rhotheus, on ooho salmon fry, Oncorhynchus
kisuteh, during moonlight nights. Journal of the Fisharies
Research Board of Canada. 28:1352-1354.

Patten, B.G. 1977, Body size and learnsd avoidance as factors
affecting predation on coho salmon, Onsorhynchus kisutch,
fry by torrent sculpin, Cottus rhotheus. Fishery Bulletin,
75:457-459.

Pawson, M.G. 1990. Using otolith welght to age fish. Journal
of Fish Biology. 36:521-631,

Pearce, T.A., J.H. Meyer, and R.S. Boomer. 1982, Distribution
snd food habits of juvenile salmon in the Nisqually Estuary,
Washington, 1979-1980. US Fish and Wildlifa Service -
Fisheries Assistence Office, Olympia, WA. 77p.

Pearcy, W.G., sditor. 1883, The influence of ocean conditions
on the production of selmonids in the north Pacific, a
workehop. {wegon GStste  University Ses Grant.
DARESU-W83-001. 327p.

Pearcy, W.G., snd J.P. Fisher. 1988, Migration of coho salmen
{Oncorhrynchus kisutch) during their first summer in the
ocean. Fishery Bulletin, B8:173-195.

Pearcy, W.G., J.P. Fisher, R. Brodeur, and S. Johnson. 1985,
Etfects of the 1883 El Nifio on cosstal nekion off Oregon
and Washington, p. 188-204 /n W.S5. Wooster and D.L.
Fluharty, editors, E! Nifio north, Nifio effects in the sastarm
subarctic Pacific Ocean, University of Washington,
Woeshington Sea Grant. 312p.

Pearcy, W.G., and A. Schoensr. 1987. Changes in the marine
biota coincident with the 1882-1883 El Nifio in the
northeastern subarctic Pacific Ocean. Journal of
Geophysical Reeearch. 32:14417-14428.

Palton, E.H. 1985. Bacterial kidney disssse incidence in a
density study of the 1983 BY spring chinock salmon at
Carson NFH, 1984-1885, US Fish and Wildlife Service
Report FR1/FHC-85-286.

Peterman, RM, 1977, A simple mechanism that causes
collapsing  stability regions in exploited salmonid
populetions. Journal of the Fisheries Researoh Board of
Canada. 34:1130-1142,

Peterman, R.M. 1878. Testing for density-dependent marine
survival in Pacific salmonids. Journal of the Fisheries
Research Board of Canade. 35:1434-1450.

Peterman, A.M. 1981. Form of rendom variation in selmon
smolt to adult relations and its influence on production
estimates. Coanadisn Journal of Fisherieea and Aquatic
Sciences. 38:1113-1118,

Peterman, R.M. 1382a. Madel of salman age structure and its
use in preseascn forecasting and studiss of marine survival.
Canadian Journal of Fishetiee and Aquatic Sciences.
39:1444-1452,

Peterman, R.M. 1982b. Nonlinear relation between smolts and
adults in Babine Lake sackeye salmon (Oncorhynchus
nerkaland implications for other salmon populations.
Canadian Joumnal of Fisheries and Aquatic Sciences.
39:904-913.




Peterman, R.M. 1984, Density dependent growth in eerly ocean
life of keye salmon (Oncorhynchus nerks). Cansdian
Journal of Fisheries and Agustic Sciences, 41:1825-1929.

Petarman, R.M. 1987. Review of the compoanents of
recruitment of Pacific salmon. p. 417429 in M.J.
Dadswell, st al. Common Strategiss of Anadromous and

Catedromous  Fishes. Amserican  Fisheries Society
Symposium 1, 561 p.
Peterman, R.M. 1989. Appli 1 of statistical power snalysis

to the Oregon cohe salmon (Oncorhynchus kisutch)
problem. Canadian Journal of Fisheriea and Aquatic
Sciences. 46:1183-1187.

Patarman, R.M., and M. Gatto, 1975, Ocean eHects In salmon
- Institute of Resource Ecology, Univarsity of British
Coliymbin Progress Report 337.

Poterman, R.M., and M. Gatto. 1978, Estimaticn of functional
resporass of predators oh juvenile salmon. Joumal of the
Fisheries Ressarch Board of Canade. 35:797-808,

Petsrman, R.M., snd R.D. Routlsdge. 1983, Expearimental
masnagement of Oregon coho salmon (Oncarhynchus
kisutch): designing for yisld of information. Canadian
Journal of Fisheries and Aquatic Sciences. 40:1 212-1223.

Peterscn, W.T. 1873, Upwelling indicea and annuel catches of
Dungeness crab, Cancer magister, alony the west cosst of
the United States. Fishery Bullstin. 71:902-910.

Peterson, W.T., and C.B. Miller. 1974. Year-to-year variation in
the planktology of the Oregan upwelling zone. Fishery
Bulletin. 73:842.853,

Phillips, A., snd W. Barraclough, 1378. Early marine growth of
juvenile Pacific salman in tha Strait of Georgia and Saanigh
Inlet, British Columbia. Canadian Fisheries and Marine
Service Tachnical Report 830. 19p,

Pike, G.C. 19EB. Food of the northern sea lion. Fishariss
Ressarch Board of Canada Pacific Progress Report.
112:18-20.

Pitcher, T.J., D.A. Green, and A.E. Magurran, 1988, Dicing with
death: predator inspection behavigur in minnow shosls.
Jaurnal of Fish Bislogy. 28:439-448.

Pietcher. 1983, The life history end distributicn of lampreys in
the Salmon and certain other rivers in British Columbia. MS
Thesis, Univarsity of British Columbia. 1958p.

Pomeroy, L.R. 1974. The ocean's food web, a changing
paradigm. Bioscience. 24:499-504.

Prakash, A. 1982, Sessonal changes in feading of coho salmon
and chinook [spring) salmon in southern British Columbia
waters. Joumnal of the Fisheries Research Board of Canada.
19:851-866.

Prentice, E.F,, C.V.W. Mahnker, W.S. Zaugg. L.C. Folmar,
W.W. Dickhotf, F.W. Waknitz, K.X. Gores, and L.W.
Harrell. 1881, Assesament of smoltification and fithess for
ocean aurvival |quality) of chinook and coho salmon and
stoslhead in the Columbia River and Puget Sound
hatcheries. National Marine Figsheriss Services, unpublished
manuscript, Montieke-Seattle. 150p,

49

Pritchard, A.L. 1934a. Pacific salmon migration: the tagging of
the coho salmon in British Columbie in 1929 and 1930.
Biological Board of Caneda Bullstin 40,

Pritchard, A.L, 1934b. Pacifio salmon migration: the tagging of
the spring selmon in British Columbia in 1829 and 1930.
Biological Board of Cenada Bulletin 41,

Pritchard, A.L. 1936. Stomach content anelysis of fishes
preying upon the young of the Pacific salmen during the fry
migration et McClinton Creek, Massst Inlet, British
Columbia. Canadian Field Naturalist. 50:104-105.

Pritchard, A.L., and A.L, Tester. 1944, Food of spring end coho
salmon in British Columbia, Bulletin of the Fisheries
Resaarch Board of Canade 85. 23p.

Pruter, AT. 1973. Development and pressnt status of
bottomfish rescurces in the Bering Ses. Joumal of the
Fisheries Research Board of Canade. 30:2373-2385.

Quinn, T.P., and A.H. Dittman. 1990. Pacific salmon migrations
and homing: mechanisms and adeptive significance. Trends
in Ecology and Evolution, 5:174-177.

Quinn, W.H., V.T. Neal, and 5.E. Antunez de Mayclo. 1987. Ei
Nifio ocourrences over the past four and a half centuries.
Journal of Geophysical Ressarch. 92:14449-14481.

Rattray, M., and H.H. Lincoln, 1955, Operating characteristics
of en oceanographic model of Pugst Sound. Transactions
of the Amaerican Geophysical Union, 38:251-261.

Railly, P.N. 1983, Pradation on Dungeness crabs in central
Califarnia. p. 155-184 in P.W. Wild and R.N. Tasto, editors,
Life history, environment, and marioulture studies of the
Dungeness crab (Cancer magister] with emphasis on the
central California fishery resource. California Departrment of
Fish and Garne Fishery Builetin 172, 352p.

Reimers, P.E. 1968. Socisl bshavior smong juvenile fall chinook
salmon. Journal of the Fisheries Ressarch Board of Canada.
25:2005-2008,

Reimers, P.E. 1979. Success in a hatchary progrem with fall
chinook salmon by simulating the naturaf life history of the
atock. Progreasive Fish Culturist. 41:182-195.

Reimers, P.E., and G. Concannon. 1977. Extended residence of
hatchery-released juvenile fall chinook saliron in Elk River,
Oregon. Oregon Depertment of Fish end  Wildlife
Information Report Series Fish 77-2. 17p.

Reisenbichler, R.R. 1987. Basis for managing the harvest of
chinook salmon. North American Journel of Fisheries
Managemsnt, 7:589-591.

Reisenbichler, R.R. 1988. Relation bstwasen distance transferred
from nate) stream and recovery rate for hatchery coho
salmon. North American Journal of Fisheriss Managemant,
B:172-174,

Reisenbichler, R.R.. and J.D. Molntyre. 1977. Genstic
differsnces in growth and survival of juvenile hatchery and
wild steslhead trout, Saimo gairdneri. Journal of the
Fisheries Rossarch Board of Canada 34:123-128.




Rensel, J.E., RP. Herls, end T.J. Tynan. 1988, Fizshery
contribution and spawning sscapement of cocho salmon
rearad in net-pens in southern Puget Sound, Washington.
MNorth American Journsl of Fishaeries Management,
B:369-360,

Rich, W.H. 1920. Early history and ssaward migration of
chinook salmon in the Columbia and Secramento Rivers.
Bulletin of the Bureau of Fisherise. 37:3-77.

Richardsen, F. 1981, Breeding bielagy of the rhinocerous auklet
on Protection lalend, WA. Condos, 83:456-473,

Richardson, S.L. 1980. Spawning biomass and early lifa of
northem anchovy, Engraulls mordax, in the northern
subpopuietion otf Oregon and Washington. Fishery Bulletin.
78:855-875.

Richerdson, S.L., and W.G. Pearcy. 1877, Cosstal and oosanic
fish larvae in en ares of upwalling off Yaquina Bay, Oregan.
Fishary Bullatin, 75:125-145,

Ricker, W.E. 1841, The consumption of young sockeye saimon
by pradaceous fish. Journal of Fisheries Research Board of
Canada, 52:83-313.

Ricker, W.E. 1952, Numerical relations betwesn sbundance of
predators and -survival of pray. Cenadian Fish Culturist.
13:5-9.

Ricker, W.E. 1882, Comparison of ocean growth and mortality
of sockeys salmon during their last two yoars. Journal of
the Fisheries Research Boerd of Canada. 19:559-823.

Ricker, W.E. 1964. Ocean growth and maortality of pink and
chum sefmon, Journal of the Fisheries Research Board of
Canada. 21:905.931.

Ricker, W.E. 1976. Review of the rate of growth and mortality
of Pacific salmon in salt water and non-catch mortality
caused by fishing, Journal of the Fisheries Ressarch Board
of Canada. 33:1483-1524,

Rickar, W.E, 198B0. Causes of ths decreass in age and size of
chinook salmon (Oncorhynchus tshawytschal. Canadian
Tachnical Aeport of Fisheries and Aquatic Scisnces. 944:
25p.

Ricker, W.E. 1981, Changes in svarage size and age of pacific
saimon. Canadian Journal of Fisheries and Aquatic
Sciences. 38:1036-1656.

Ricker, W.E. 1982, Size and age of British Columbia sockays
salmon (Gncorfynchus narks) in relation to environmental
factors and the fishery, Canadian Technicsl Report of
Fisheries and Aquatic Scisnces. 1115:1-117.

Roff, D.A, 1981. On being the right size. American Naturalist,
118:405-422.

Rondorf, D.W., J.W. Beaman, M.E. Free, and D.E. Liljegren.
1988. Correlation of biological characteristics of smolts
with survival and travel time. Annusl Report FY 1987,
DOE-Banneville Power Adrministretion - US Figh snd Wildlife
Service DOE/BP-35245-1, Project No. B7-408. 96p.

Rees, J.F,, P. Gilhousen, 5.R. Killick, and E.R. Zyblut. 1973,
Parasitiam on juvenile Pacific salmon and Pacific herring in
the Strait of Georgia by the river lamprey. Joumnal of the
Fisheries Research Board of Canade. 30:565-568.

50

Rowe, D.K., and J.E. Thorps. 1990, Suppression of maturation
in male Atlantic salmon (Saimo salsr L.} parr by reduction
in feading end growth during spring monts. Aquaculture.
B6:291-313.

Royel, L.A., and J.P, Tully. 1961. Ralationship of variable
oceanographic factors ta migration and survival of Fraser
River salmon. California Coop. Oceanic Fish. Invest. Report.
8:65-68.

Ruggercne, G.T. 19868. Consumption of migrating juveniles
selmonids by gulls foraging below & Columbia River dam.
Transactions of the American Fisheries Sociaty.
118:736-743.

Ruggerone, G.T., T.P. Quinn, I.A. McGregor, and T.D.
Wilkinson. 1990. Horizontel and vertical movements of
adult steelhead trout, Oncorfiynchus mykiss, in the Daan
and Fisher channols, British Columbia. Caneadian Journal of
Fisheries and Aquatic Sciences. 47:1963-1969.

Rutter, C. 1802, Natural history of the gquinnat salmon. US
Fisheries Commission Bulletin, 22:65-141.

Sakagawa, G.T. 1972. The dynamics of juvenile salman with
particular  emphasis on pink salmon (Oncorhynchus
gorbuscha) during their eerty marine lite. PhD Dissertation,
University of Washington, 352p.

Saila, S.B., and R.A. Shappy. 1963. Random movement and
orisntation in salmon migration. J. Cons. int. Explor. Mer,
28:153-166.

Salman, N.A., and F.B. Eddy. 1990. Increased ssa-water
adsptability of non-smolting reinbow trout by salt feading.
Aquaculture B6:259-270.

Salo, M.E., E.O. Selo, and B.P. Snyder, 1977. A preliminary
study on the etfects of pier lighting on fishes. Univarsity of
Washington - Fisheries Research Institute 7712, 17p.

Sawyer, E.5., and R.G. Strout. 1977, Survival and growth of
veccinated, medicated and untreated coho salmen
{Oncorhynchus kisutch) axposed to Vibrio anguiflarurn.
Aguaculture. 10:311-315.

Saxten, A.M., R.N. lwamato, and W.K, Harshberger, 1983,
Smoltification in the net-pen culture of accelerated coho
salmon, Oncorhynchus kisuteh Walbaum: prediction of
seltwater performance. Journal of Fish Biology.
22:363-370,

Scamacchie, D.L. 1981, Effacts of streamflow and upwalling on
yield of wild coho salmon (Oncorhiynchus Kisutoh) in
Oregon. Canadian Journa! of Fisheries and Adquatic
Sciences. 38:471-475,

Scamecchis, D.L. 1984, Climatic and ocesnic variabiss
affecting yield of Icelandic stocks of Atlantic salmon,
Canadian Journal of Fisheries end Aquetic Sciences,
41:917-935.

Scarnecchia, D.L. 1988. Salman management and the saarch
for vatuse, Canadian Journai of Fisheries and Aquatic
Sciences, 45:2042-2050.

Scarnecchia, D.L., and H.H. Wagner. 1980, Contribution of wild
and hatchery-resred coho salmon, Oncorfynchus kisutch,
to the Oregon ocean sport fishery. Fishery Bulletin.
77:617-623.




Schil, W.B., snd R.M. ODorazio. 1890, Immunclogical
disgrimination of Atlantic striped base stocke. Transactions
of the American Fisheries Socisty. 119:77-85.

Sohreck, C.B., R. Patifie, C.X. Pring, J.R. Winton, and J.E.
Holway. 1985, Effects of rearng density on indices of
smoltification and performance of ocoho seimon,
Oncorhynchus kisutch. Agquaculture. 45:345-358.

- Bchrainer, J.U, 1977, Salmonid outmigration studies in Hood
Canal, Washington. MS Theeis, University of Washington.
86p.

Schreiner, J.U., E.O. Salo, B.P. Snyder, snd C.A. Simenstad.
1877. Salmonid outmig 1 studies in Hood Canal.
University of Washington - Fisheries Reesarch Institute
7715, g4p.

Scura, E.D., and C.W. Jerde. 1977. Various species of
phytoplankton es food for larval northern anchovy,
Engraulls mordax, and relative nutritional vslus of the
dinaflagellates Gymnodinium spledens and Gonysulax
pofyadra. Fishery Bullstin. 75:577-584.

Senn, H.G. 1970a. Evaluation of 1964 brood coho salmon
relsased from ten Puget Sound and one coastal hatchery.
Weshington Department of Fisheries. 40p.

Senn, H.G. 1970b. Evaluation of 1965 brood coho selmen
released from ten Puget Sound and two coastal hatcheries.
Washington Department of Fisharies. 40p.

Senn, H.G., and K. Satterthwaits, 1871. Evalustion of 1966
brood coho salman released from eieven Puget Sound and
two cosstal hatcheries. Washington Department of
Fisheriea. 42p.

Shew, W., G.A. McFerlane, J.R. Scarsbrook, M.S. Smith, and
W.T. Andrews. 1986. Distribution and biclogy of Pacific
hake and walieye pollock off the west coast of Vancouver
Island and the stete of Washington {August 15-September
5, 1983). Canadian Manuscript Report of Fisheries and
Aguatic Sciences 1826, 128p.

Shelden, R.W., W.H. Sutcliffe, and M.A. Paranjape. 1877,
Structure of pelagio food chains and telationahip between
plankton and fish production. Journal of the Fisheriss
Ressarch Board of Canada. 34:2344-2353,

Shepard, M.P. 1948. Responses of young chum salman,
Oncorhynchus kets {Walbsum), to changes in tha sea water
of the snvironment. MS Theais, University of British
Columbia,

Sibert, J. 1975, Residence of juvenile salmonids in the Nanaimo
River estuary. Fisheriss Ressarch Board of Canads
Tschnice! Report 537, 23p.

Sibert, J., T.J. Brown, M.C. Haaley, B.A. Kesk, and R.J,
Neiman. 1977, Detritus based food webs: exploitation by
juvenile chum sslmon (Oncorhynchus ketsl. Science.
196:649-650.

Sibert, J., and B.A, Kesk. 1978. De fish have dists? p, 4857
in B.G. Shepherd snd R.M.J. Ginetz, sditors. 1978.
Procesdings of the 18977 Northeest Pacific chincok and
coho salmon workshop. Canadisn Fisheries and Marine
Service Technical Report 759. 164p.

b1

Sibart, J., and Obrebski. 1878. Frequancy distributions of food
item oounts in individual fish stomache. p. 107-114 in
C.Simenstad and S. Lipovsky, editors, Fish Food Habits
Studies First Pecific MNorthwest Technical Workshop
Progeedings. University of Washington, Washington Ses
Grant.

Silliman, A.P. 194 1. Fluctustions in the diet of tha chinook and
silver salmen {Gncarfiynchus tshawytsche snd 0. kisuteh)
offt Washington, as related to the troll cetch of salmon.
Copeia, 1941:80-87.

Silvert, W. 1978. The price of knowisdge: fisheries
management as 8 ressarch tool. Journal of the Fisharies
Ressarch Board of Canada. 35:208-212,

Simerstad, C.A., K.L. Fresh, and E.O. Salo. 1982. The role of
Puget Sound and Waahington cosstal estuariss in the life
history of Pacific sesl 1: An unappreciated function. p.
343-364 in V.S, Kennedy, sditor. Estuarine Comparisons.
Academic Press, 709 p.

Simensted, C.A., B.S. Miller, J.N. Cross, K L. Fresh, S.N.
Steinfort, and J.C. Fegley. 1877, Nearshore fish and
rmacroinverisbrete sssemblages along the Streit of Juan de
Fuca including food habits of the common nearshore fish.
National Ocsanic and Atmosphena Administration Technical
Memeo ERL-MESA-20. 144p.

Simenstad, C.A., B.S. Miller, C.F. Nybrade, K. Thorburgh, L.J.
Bledsce. 1979, Food web relationships of northern Puget
Sound and the Strait of Jusn de Fuca. A synthesis of the
available knowledge. University of Weshington - Fisheries
Ressarch Institute 7914. MESA-EPA-800/7-79-259, 365p.

Simon, R.C., J.[. Meintyre, and A.R. Hemmingssn. 19B6.
Family siza and sffectiva populetion size in & hatchery stock
of coho salmen [Oncorhynchua kisutch). Canadien Journsl
of Fisheries and Aquatic Sciences. 43:2434-2442,

Sime, C.W., and Cadarholm. 1970. Temperaturs, dissclved
oxygen, totel alkalinity, and biochemicel oxygen demand in
the Columbis River Estusry, 1968-67. National Marine
Fisheries Service Data Report 43. 34p.

Sjclesth, D.E. 1969. Studies of juvenile salmon in the Nookaack
River system and Bellingham Bay. MS Thesis, University of
Waeshington, 86p.

Skud, B.E. 1882, Harring tagging axpariments in southeastarn
Alaska, Fishery Bulletin. 83:19-32.

Skud, B.E. 1982. Dominance in fishes: tha relstion betwesn
enviranment and abundsnce. Science, 216:144-149.

Skud, B.E., H.M. Sakuda, end G.M, Reid. 1960, Statistics of
the Alasks herring fishery 1878-1958. US Fish and Wildlife
Servioe Statistical Digest 48, 21p.

Smith, P.E. 1972. The increase in spewning biomass of
northem anchovy, Engraulis mordax. Fishery Builetin.
70:849-874.

Bmith, R.L., J.G. Pattulo, end RK. Lane. 1886. An investigation
of the sarly stage of upwelling along the Oregon coast.
Journal Geophysical Research. 71:1135-1140,

Smith-Gill, $.J. 1983. Developmental plesticity: developmental
conversion wversus phenotypic modulation. American
Zoologist. 23:47-55.




Smoker, W.A, 1955. Effects of streamflow on silver satmon
production in western Washington. PhDD Theeis, University
of Weshington. 176p.

Snyder, J.0. 1924, Young ssimon taken at saa, California Fish
and Game. 10:63-84,

Solazzi, M.F., T.E. Nickelson, and S.L. Johnson, 1991, Survival,
contibution, and return of hatchery ocohe salmon
(Oncorhynchus kisutch) relsased into freshwater, sstuarine,
and merine environments. Canadian Joumnal of Fishaties
and Aguetic Scienoes. 48:248-283,

Spalding D.J. 1964. Comparative fesding habits of the fur seal,
wea lion, and harbour sesl on the British Columbia coast.
Fisheries Ressarch Board of Canada Bulletin 146, 47p.

Squire, J.L. 1983, Werm water end southermn California
recreationsl flahing: & brief revisw and prospscts for 1983.
Marine Fishorias Review, 45{4-8):27-34.

Stearns, S5.C. 1977. The evolution of lite-histary traits: =
critique of the theory and & review of the data. Annusi
Review of Ecology and Systematics. B:148-171.

Steward, C.R., and T.C. Bjornn. 1990, Supplomentation of
salmon and steslhead stocks with hatchery fish: A
synthesis of published litarature. Part 2 jn W.H. Miller,
Anslysis of salmon and stsslhead supplementation.
Bonnaville Power Administration. Division of Fish and
Wildiife. Technical Report 1890,

Steels, J.H., end E.W, Henderson. 1984. Modeiling long-term
fluctuations in fish stocks. Science. 224:985-987.

Stein, R.A., P.E. Reimers, and J.D. Hall. 1972. Socisl
interection betwesn juvenile coho salmen (Oncorhynchus
kisutchl and fall chinook sslmon (Oncorhynchus
tshawytschalin  Sixes Rivar, Oregon. Journal of the
Fisharies Ressarch Board of Canada, 29:1737-1748,

Stephena, K., J.D. Fulton, and 0.D. Ksnnedy. 1969. Summary
of biological oceanographic abasrvations in the Strait of
Geargia 1965-1968. Canadian Fisheriss and Marine Service
Tachnical Report 110, 11p + B2 fig.

Steven, G.A. 1933. The food consumed by shags and
cormorants sround the shores of Cornwail{England).
Journal of the Marine Biol Association of the Unitsd
Kingdom. 19:277-292.

Stocker, M., V. Haist, and D. Fournier. 1985. Environmental
variation and recruitment of Pacific herring (Clupea
harangus paiiesi) in the Strait of Georgia. Canadian Journal
of Fisheriss and Aquatic Sciences. 42(51):174-180,

Stohr, A.JM., and M.E. Fraidenburg. 1988, A dalphi
aszesament of chinook and coho salmon hooking mortality.
Washington Department of Fisharies Tachnicsl Raport 94,
91p.

Stotw, A.J., and S.5. Parker. 1982. Optimel size snd time for
relsase of coho salmon smelts into Yaquina Bay, Cregon.
Fisheries Ressarch Institute - University of Washington
B217. 21p.

Sutcliffe, W.H., K. Drinkwater, and B.5. Muir, 1977.
Correlations of fish catch snd snvironmental factors in the
Guif of Maine. Journal of the Fisheries Ressarch Board of
Cerada. 34:19-30,

Swain, D.P., and B.E. Riddell. 1990 Varlation in sgnestic
bshaviour between newly emergad juveniles from hatchery
end wild populations of coho saimon. Canadian Journal of
Fisheries and Agustic Sciences, 47:588-571,

Swartzman, G.L., and R.T. Harr. 1983. Interactions betwesn fur
seal populations and fisheries in the Bering Sea. Fishary
Bulletin. 81:121-132,

Svisand, T. 1888, Comparisons of migration patterns of wild
and racaptured reared cosstal cod {Gadus morhus L.]
relosssd in & small fiord in western Norway. Aquaculturs
and Fisheries Management 21.

Synkova, 1951. Food of Pecific salmon in Kamchatka waters.
Izveatia Tinro {trans lsrael Prog Sci) 34:105-121,

Teniguchi. 1970. interval of sestuarine residence and
autmigration of juvenile ohinook salmon in the Mad River,
Califernia. MS Thesis. Humboldt State University. 87p.

Tautz, A., P.A. Larkin, and W.E. Ricker, 1989. Some effects of
simulated long-term  envireonmental fluctuations on
maximum sustained yield. Journasl of the Fisheries Research
Board of Canada. 28:2715-2728.

Taylor, F.H.C, M. Fujunags, and F. Wilke. 1956, Distribution
and food habits of the fur seels of the north Pacific Ocean,
US Fish and Wildlife Service 10. 68p.

Taylor, E.B. 1230, Envirorwnental correlstes of life-histary
variation in juvenile chinocok salmon, Oncorhynchus
tshawytscha {Walbaum|. Joumnal of Fish Blology 37:1-17,

Taylor, E.B. 1990. Phenotypic correlates of life-history variation
in juvenile chinook salmon, Oncorhynchus tshawytscha.
Journal of Animal Ecology. 59:4565.468.

Taylor, E.B. 1988. Adaptive variation in rheotactic and agnostic
behaviour in newly-smerged fry of chinook saimon
{Oncorhynchus tshawytachelfrom oceen- and stream-typa
populations. Canadian Journal of Fisheries and Aquatic
Sciences. 45:237-243.

Terhure, J.M., G.W. Friers, J.K. Bailey, and F.M. O’Flynn.
1990. Noise levels may influence Atantic salmon amolting
rates in tanks. Journal of Fish Biclogy, 37:185-187.

Thompson, R.B. 19608. Effects of predator avoidance
conditioning on the post-release survival rats of srtificially
propagated salmon. PhD Dissertation University of
Washington. 155p,

Thorarensen, H., and W.C. Clarke. 1989. Smoltification induced
by a 'skeletal’ photoperiod in underysarling coho salmon
{Oncorhynchus kisutch). Fish Physiclogy and Biochemistry.
5:11-18.

Thoresen, A., and J. Galushe. 1971. A nesting study of some
islands in the Puget Sound arsa, Murrelet, 52:20-24.

Thorpe, J.E., and R.I.G. Morgen. 1978. Parentsl influence of
growth rate, smolting rate and survivel in hatchery reared
juvenile Adantic salmon, Saimo asiar. Joumnal of Fish
Biology. 13:549-558,

Trumble, R.J. 1881, Summary of the 1981 sac-ros herring
population in northern  Puget Sound. Washington
Department of Fisheries Progreas Report 152, 30p.




Trumble, R.Jd., R.E. Thoma, and N.A. Lemberg. 1982, The Strait
of Georgia herring fishery: a case histary of timely
management sided by hydroacoustic surveys. Fishery
Bulletin 80:381-388,

Tully, J.P. 1842, Surfece non-tidal currents in the approaches
te Juan de Fuca Strait. Journal of the Fisheries Resserch
Beerd of Canada. 5:398-409.

US Department of Commarce, 1985. Annusl Report - Marine
Mammal Protection Act of 1972, 50 4 p.

US Fish end Wildlife Sarvice - Coms of Enginoers. 1986.
Species profiles: Life histories snd  envircrmental
requirements of coastal fishes and invertebrates (Pacific
Northwast} Dungeness orab. Biclogical Report 82(11.63).

US Department of Cormmerce. 1870, Surfsce watsr termpecature

end density, Pacific coast. National Oceanic end
Atmospherio Administration Publ. 31-3.

US Environmental Data Servics, National Oceenic and
Atmospheric  Administration. Climatological Data for

Washington vois 74-80, 1970-1976.

Van Hyning, .M. 1988, Factors atfecting the abundance of fall
chincok salmeon in the Columbia River, PhD Dissertation,
Oregon State University. 424p.

Vanstons, W.E., and J.R. Markert. 1968. Some morphological
and biocchemical changes in coho salmon [Oncorhynchus
kisuteh) during parr-smolt transtormation. Journet of the
Fisheties Research Board of Canada. 26:2403-2418.

Various. 1977. Juvenils sslmonids in the estuary. American
Institute of Fishary Biclogists Workshop. 38p.

Varma, C.P. 1950. Study of the sffect of sudden temperature
changes and fasting upon the survival of trout and ssimon
fingarings, MS Thesis, University of Washington. 61p.

Varoujean, and Matthaws. 1983a. Assessment of smoltification
and fitness for ocean survival [quality| of chinook end coho
salmon end stesiteed in the Columbia River and Pugst
Sound hatcheries. Nationa! Matine Fisheries Service
unpublished manuscript. Montlake-Saattls. 150p.

Varoujean, and Matthews. 1883b. Distribution, abundence, and
feading hebits of seabirds off the Columbia River,
May-June, 1882. University of Orsgon Institute of Marirne
Biology Charleston OIMB 83-1. 25p.

Volovik, and Gritsenke, 1970. Effect of predation on the
survival of young salmon on rivers of Sakhslin. Vniro
71:193-209. Fisheries Ressarch Board of Cenada
Transistion 17186,

Vreeland, R.R. 1988, Evaluation of the contribution of fall
chirngok salmon reared at Columbia River hatcheries to the
Pacific salmon fisheries. Final Report Bonneville Power
Administration Projesot No, 79-2 DOE/BP-39638-4. 113p.

Wagner, H.H. 198B. Effect of stocking time on survivel of
steelhead traut, Saimo gairdneri, in Oregon. Transactions of
the American Fisheries Society. 87:374-379.

Wagner, H.H., F.P. Conte, and J.L. Feaslar. 1969, Development
of osmotic and ionic regulation in two races of chinook
salmon  Oncorhynchus tshawytacha. Comparative
Biochemistry and Physiclogy. 29:325-341,

53

1981, Avceal
distribution of marked Celumbia River basin spring chinook
salmon recovered in fisheriss and at parant hetcheries,
Marina Fisheries Review. 43{12]:1-8.

Wehie, R.J., E. Chaney, and R.E. Pasarson.

Wahl, T.R, 5.M. Speich, D.A. Manuwal, K.V. Hirach, and C.
Mifler. 1981, Marine bird pepulstions of the Strait of Juan
de Fuca, Strait of Georgis, and adjacent waters in 1978
end 1979 National Oceanic and Atmospheric Administration
EPA-800/7-80-168. 783p. w/fiche.

Wahls, R.J., and W.S. Zaugg. 1982, Adult coho salmon
recoveries and their Na*-K* ATPase activity at reiease.
Marine Fisheries Revies. 44{11):11-13,

Wakefield, W.W., J.P. Fisher, and W.G. Psarcy. 1981, Studies
of juvenila salmonids off the Oregan and Washington coast,
1981. Orsgon State University, Cruise Report 81-13. 51p.

Walters, C.J. 1976. Optimal harvest strategiss for saimon in
relation to environmental wvariability and uncertsin
production perameters. Journal of the Fisheries Reasarch
Board of Canada. 32:1777-1784.

Waltars, C_J. 1981, Optimum escapements in the face of
altarnetive racruitment hypotheses. Cansdian Journael of
Fisheries and Aquatic Sciences. 38:678-689.

Walters, C.J. 1985. Bias in the eatimation of functional
relationships from time series data. Canadian Journal of
Fisheries snd Aquatic Sciences. 42:147-149.

Walters, C.J.. R. Hilborn, R.M. Psterman, and M.J. Staley.
1978, Model for examining sarly ccean limitation of Pacifie
salmon production. Journal of the Fisheties Research Board
of Canada. 35:1303-1315,

Waltars, C.J., and D. Ludwig. 1981, Effects of messurement
arrors on the esseasmeant of stock-recruitment relationships.
Cenadian Joumal of Fisheries and Aquatic Scisnces.
38:704-710.

Waltars, C.J., M. Stacker, A.V. Tyler, 5.J. Wastrheim. 1986,
Interaction betwassn Pacific cod (Gadus macrocephalus) and
herring (Ciupas harengus pajiasi)in the Hecate Strait, Britiah
Columbia. Cenadian Journsl of Flsheries and Aquatic
Sciences. 43:830-837.

Waples, R.S. 19980. Temporal changes of allels frequency in
Pacific salmon: implications for mixed-stock fishery
analysis. Canadisn Journal of Fisheries and Aquatic
Sciences, 47:968-976.

Waples, R.S., and D.J. Teel. 1990. Conssrvation gehetics of
Pacific salmon I: temporal changes in allels frequency,
Conservation Biology. 4:144-1586.

Ward, B8.R., P.A. Slaney, A R. Facchin, and AW, Land. 1989.
Size-biesed survival in steelhead trout: back-calculated
isngthe from adults’ scales compared to migrating smolts
at the Keogh River, British Columbia. Canadian Journal of
Fisheries and Aqustic Sciences. 46:1853-1858,

Ware, D.M., and G.A. McFarlane. 1988, Reiative impact of
Pacific hake, sablefish, and Pacific cod on weat coast of
Vancouver Island herring stocka. International Narth Pacific
Fish Commission Bulletin, 47:67-77.




Washington, P.M. 1884. Analysis of factors affecting salmonid
run sizes and a comparison of wild salmonid runs to the
Skagit River with runs to the Fraser, Nookssok and
Stillaguemish River systems. Univarsity of Washingtan -
Fisharles Reseerch institute. 91p.

Washington, P.M., B. Gowan, and D.H. Ito. 1978B. A biologica!
report on eight species of rockfish from Puget Sound
Washington. Nationsl Marine Fisheries Service mimec
report - Northwest and Alaska Fisheries Center. 50p,

Washington Sea Grant. 1985. B Nifio north, nifo effects in the
sastern subarctic Pacific Ocean, Univarsity of Washington
Sea Grant. WS5G-WO B8-3. 312p,

WDF. 1959, Underwatsr obssrvations of young chinook salmon
baing relsased into seltwater. Weshington Department of
Flsheries Annual Report. 89:58,

Waebber, H.H. 1875. The Bellingham Bay study: a natural history
study. Huxiey College of Environmental Studies. US Fish
and Wildlife Service Contract. B2p.

Wademeysr, G.A., R.L. Saunders, and W.C. Clarke. 1980.
Environmental fectors affecting smoltification and sarly
marine survival of anadromous selmonids. Marine Fisheriea
Review, 42(6):1-15,

Woeitkamp, D.E., and R.R. Losppke. 1983. Physioiogical
monitoring of smoltification and streas in mid-Columbia
chinook and steelhead, 1983. Diatt Report, Paramatrix INC.
83-1130-011D. 54p.

Wartheimer, A.C., and R.M, Martin. 1986. Growth and survival
to adulthood of chum salmon vaccinated as juveniles
againat vibriosis, Transactions of the American Fisheries
Society. 115:343-348.

Waestgate, J.W., T.B. McKee, D.L. Crawford, D.K. Law. 1878.
Nutritional effects of using salty herring meal in Oregon
moiat peliets. Progressive Fish Culturiat. 38:118-119,

Westrheim, S.J. 1977. Length-weight and length-girth
reletionship, maturity, spawning season and diet of Pacific
cod {Gadus macrocephalus) collected in British Columbia
waters during Aprit 1975 - February 1976. Fisheries
Ressarch Board of Canada Manusaript Report Series 1420,
87p.

Westrheim, 5.J., and W.R. Harling. 1983, Principal prey speciss
and pericdicity of their incidence in stormach of
trawl-caught Pacific cod {Gadus macrocephaius}, rock sole
|\Lipidopaetts bifineats), and patraie sole (Fopsetta Jordani)
lended in Britiwh Columbie, 1850-80. Canadian Manuscript
Report of Fisheries snd Aquatic Scisnces 1681, 38p.

Waestrheim, S.J., and J.V. Tegart. 1984. Bathymetric
distribution of Pacific cod (Gadius macrocephaius) otf British
Columbia and Washington stats. international North Pacific
Fisheries Commission Bulletin 42. 189-199.

Wetherall, J.A. 1970. Estimation of survival rates for chinook
sslmen during their downstream migration in the Green
River, Washington. PhD Thesis, University of Washington.
170p.

Wickett, W.P. 1958. Review of cartain enviranmental factors
affacting the production of pink and chum saimon. Journal
of the Fisheries Research Board of Canada. 15:1103-1128,

54

Wiokett, W.P., and A. Ballantyne. 1978, Graphs of surface
salinity st nina northeastern Pacific stationa: Langare island,
Triple Island, Boniila Island, Cape St. James, Mgolnnes

{sland, Amphitrite Point, Ocean Statien P. Canadian
Fisheries and Marine Service Data Raport 95, 46p.

Wiens, J.A,, and J.M. Scott. 1975, Model estimation of anergy
flow in Orsgon coastal sesbird populations. Condor.
77:439-452,

Wilks, F., end K.W. Kenyen. 1952, Notes on the food of fur
seals, saa lions and harbour porpoises. Joumnal of Wildlife
Management. 16:396.

Wilke, F., and K.W. Kenyan, 1857. The food of fur seals in the
eostern Bering Sea. Journal of Wildlife Managament.
21:237-238.

Williamson, H.C. 1830. Notes on the food of spring salmon.
Canadian Fisld Naturalist. 44:203-204.

Wilson, T. 1886. Influsnce of time and size at relsase on the
return of sccelerated coho smolts te an Oregon salmon
ranch. MS Thesis, University of Washington. 97p.

Winter, D.F., K. Bamse, and G.C. Anderson. 1875, The
dynemics of phytopienkton blooma in Puget Sound, s fiord
in the northwestem United States. Marine Biology.
29:139-178.

Withier, F.C. 1955. Coho salmon fingering attacked by young
lamprey. Fishories Research Board of Caneds Progress
Repart. Pacific Coast Station. 104:15.

Withler, R.E. 1990. Genatic conssquences of salmonid egg
fentilization techniques. Agquaculture. B5:328.

Wodinsky, J., E.R. Behrend, and M.E. Bitterman. 1962.
Avoidence conditioning in two species of fish. Animat
Behavior. 10:76-78.

Weod, C.C. 1984. Foraging bshavior of common mergansers
{Mergus merganss:] and their disparsion In ralstion to the
availability of juvenile Pecific saimon. PhD Dissartation -
University of British Columbia.

Wood, C.C. 1987. Predation of juvenile Pacific salmon by the
common marganser (Mergus mergansar] on eastarn
Vencouver [sland. I: Pradation during ths ssaward
migration, Cenadisn Journal of Fisheries and Aquatic
Sciences. 44:941.949,

Worlund, D.D., R.J. Wahle, P.D. Zimmer. 1969. Contribution of
Columbia River hatcheries to harvast of fall chinook salmon
(Oncorhynchus tshawyteachs). Fishery Bulletin. 67:361-391,

Worrest, van Dyke, and Thomson. 1978, Impeact of enhanced
simulated solar uitraviolet radiation upon a marine
community. Photochemistry and Photobiolagy.
27:471-478.

Wright, §.G. 1968, Origin and migration of Washington's
chinook end coho saimon. Washington Department of
Fisheries. Information Booklet. 1. 47p.

Zaugg, W.S. 1970. Comments on the rslationship batween gill
ATPase activities, migration, and salt water adaptation of
coho salmon. Transactions of the American Fisheries
Society. 39:811-813.




Zaugg, W.S. 1982, Soma changes in smeltification and
soawater asdaptability of salmonids resulting from
- snvironmental and othar factors. Agusoculture 28:143-161,

- Zaugg, W.S., and B.R. Beckman. 1990. Saltwater induced
decreases in weight and length relative to seasonal gill
Na+K ATPass changes in coho sal 1 O hynchus
kisutch): a test for saltwater adapisbility. Aquacuiture
86:19-23.

Zaugg, W.S., and L.R. McLain. 1970. Adenosinetriphosphatees
sctivity in gills of salmonide: seesonsl variations and
saltwater influence in coho salmon, Oncorfiynchus kisutch.
Camparative Bioochemistry and Physiclogy. 35:687-590,

Zaugg, W.S., D.D. Raley, E.F. Prentice, K. X. Gores, and F.W.
Waknitz. 19B3. Incresased ssawater survivel and
oontribution to the fishery of chinook salmon
(Oncorhynchus tshawytscha) by supplementst dietary salt.
Aguaculture 32:183-188,

Zsugg, W.S.. snd H.H. Wagner. 1973. Gill ATPsse sctivity
releted to parr-smolt transformation and migration in
atesthead trout (Saimo gairdneril: influsnce of photoperiod
snd  temperature. Comparative Biochemistry and
Fhywiclogy, 45B8:955-985,

55




