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INTRODUCTION

The following is a compilation of available literature that provides information on the shoreline habitats used by young salmon as they pass from rivers into the marine environment of the Pacific Northwest.  I have attempted to identify the:


(
time period when the fish are found in estuarine XE "distribution"  areas,


(
characteristics of habitats used by the young salmon,


(
behavioral characteristics during estuarine XE "distribution"  rearing,


(
food XE "food"  sources consumed by the juveniles, 


(
duration XE "residence time"  of residence XE "timing"  in the estuary, 


(
growth during estuarine XE "distribution"  rearing, and 


(
information on predation XE "survival" .

Each entry begins with a reference for the report.  This is followed by outline entries indicating the species of salmon included in the report, and the geographic location covered by the investigation.  These are followed by a summary I have prepared of my interpretation of the report.  I have attempted to use the descriptive words used by the report's author(s) as much as practical.  However, any errors in interpretation are my responsibility.

A key word index is included at the end of the document to help you find pages that deal with specific topics.  I have not yet found a practical means to tie key words to specific references.


REFERENCES

Allen, B.  1974.  Early marine life history XE "timing" 

 XE "residence time"  of Big Qualicum River XE "Big Qualicum River"  chum salmon XE "chum salmon" .  Pages 137-148 in Harding, D.R., editor.  Proceedings of the 1974 northeast Pacific pink and chum workshop, Department of the Environment, Fisheries, Vancouver, British Columbia.  

chum XE "chum salmon" , pink

Big Qualicum R. XE "Big Qualicum River" , Vancouver Is., British Columbia.

Pink and chum XE "chum salmon"  were collected with a small purse seine (61 x 6 m), and visually observed on calm days, from April through September in the Big Qualicum estuary.  Initially fry (<75 mm XE "size" ) remained within intertidal zone at water depths of 1.5-5 m during first 4-6 weeks in saltwater.  Fry collected offshore usually were associated with floating weed or debris.  Fry preferred areas of low current XE "behavior"  velocities and cover (seagrass and wharves).  At approximately 75 mm the fish moved offshore.

The diet XE "food"  of fry was predominantly zooplankton, they consumed primarily Calanus plumchrus by volume.  C. pacificus copepodites, Oikoplura sp., euphausid nauplii, and C. Pacificus also consumed in substantial volumes.  In April and early May the fry were less than 40 mm XE "size" . After mid-May the chum XE "chum salmon"  steadily increased in size from about 50 mm to over 100 mm in July and later.  

Predation on the fry was by birds and coho XE "coho salmon" .  Birds found in close association with the schools of chum XE "chum salmon"  were pigeon guillemots, marbled murrelets, and pelagic cormorants.  Herons and common mergansers were observed feeding XE "food"  on the fry in shallow water.  The fry became unavailable to these birds as soon as they moved into deeper water.  Coho smolts XE "smolt"  were observed preying on chum around wharves in Baynes Sound during early June in both years of the study.  The chum population apparently moved about 0.4 km to an adjacent area when the coho entered their rearing area.  Fish remains constituted 30% of the diet of coho examined.

Annan, M.E.  1958.  Notes on the food XE "food"  of the young of three species of Pacific salmon in the sea.  Canadian Fish Culturist 23:23-26.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

San Juan Islands XE "San Juan Islands" , Washington.

Young salmon were collected by beach seine at unspecified sites in the San Juan Islands XE "San Juan Islands" , during July of 1950.  The three species were combined in the data presented, since no differences were determined in the food XE "food"  consumed by the three species.  Mean size XE "size"  of the young salmon was 65 mm with a range of 40-95 mm.  The food contained in the stomachs of these fish included: copepods (50% abundance XE "timing" 

 XE "abundance" ), and chironomids (26%).

Argue, A.W., B. Hillaby, and C.D. Shepard.  1985.  Distribution, timing, change in size XE "size" , and stomach contents XE "food"  of juvenile chinook XE "chinook salmon"  and coho salmon XE "coho salmon"  caught in Cowichan estuary and bay, 1973, 1975, 1976.  Canadian Technical Report of Fisheries and Aquatic Sciences No. 1431.  145p.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Cowichan R. XE "Cowichan River" , Vancouver Island, British Columbia.

Young salmon were sampled from late March through early October with various net gear.  Chinook and coho XE "coho salmon"  were present XE "timing"  in the estuary from early April to late July each year. Peak numbers were present in early June on the tide flat at the head of the bay.  Their presence on the edge of the bay and adjacent beaches was somewhat later (June-October).  Coho were not prevalent on the tide flat or beaches of the bay.  Although both species were resident in the bay until October, they tended to reside in the deeper nearshore waters, particularly later in this period.  Based on constant rates of recovery of marked fish the authors concluded stocks from other areas were not migrating into the bay.

Both chinook XE "chinook salmon"  and coho XE "coho salmon"  grew at about 1 mm XE "size" /day between July and September.  Juvenile Pacific herring were the dominant prey XE "food"  in their diet during this period.  Decopod larvae were also numerically a dominant prey item.  In March-May benthic estuarine XE "distribution"  prey were dominant along with fish in different samples.

Armstrong, R.H.  1970.  Age, food XE "food" , and migration XE "migration"  of Dolly Varden smolts XE "smolt"  in Southeastern Alaska.  Journal of the Fisheries Research Board of Canada 27:991-1004.

Dolly Varden, coho XE "coho salmon" , cutthroat XE "cutthroat trout" 
Hood Creek (Admiralty Is.) and Eva Lake (Baranof Is.), Alaska.

Smolts migrated from both Hood Creek (non-lake system) and Eva Lake in May-June, and from Hood Creek in September-October.  Smolt migration XE "migration"  began when water temperature reached 3( C, peaked XE "timing"  at 5-8(, and ceased at 6-10(.  Cutthroat trout adults and smolts XE "smolt"  began migrating at the same time.  Dolly Varden smolts were in their second to forth year of life.

Smolts were in the range of 100-180 mm XE "size"  fork length XE "growth rate" , averaging 134-136 mm during migration XE "migration"  from the streams.

Prey of the spring migrants were primarily insects, chum XE "chum salmon"  fry, and pink salmon XE "pink salmon"  fry.  Coho fry migrating at the same time consumed similar prey XE "food" .  Dolly Varden smolts XE "smolt"  migrating in the fall consumed salmon eggs (Hood Creek) or insects (Eva Lake)

Baggerman, B.  1960.  Salinity preference, thyroid activity and the seaward migration XE "migration"  of four species of Pacific salmon (Oncorhynchus).  Journal of the Fisheries Research Board of Canada 17:295-322.

chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Laboratory, fish from various British Columbia rivers.

Juveniles of each of the four species show a preference for salt water over fresh water at the onset of their seaward migration XE "migration" .  This preference is maintained throughout their seaward migration period.  The onset of salt water preference is controlled by increasing day length XE "size" 

 XE "growth rate"  in the spring.  Photoperiod appears to affect the pituitary-thyroid system producing an increase in thyroid activity shortly before the onset of migration.  The level of thyroid hormone in the blood influences salinity tolerance.

At the end of the migration XE "migration"  period coho XE "coho salmon"  and sockeye XE "sockeye salmon"  reversed their preference for salt water back to fresh water.  Chum and pink fry did not show this change in preference and usually died if retained in fresh water.

Bailey, J.E., B.L. Wing, and C.R. Mattson.  1975.  Zooplankton abundance XE "timing" 

 XE "abundance"  and feeding XE "food"  habits of fry of pink salmon XE "pink salmon" , Oncorhynchus gorbuscha, and chum salmon XE "chum salmon"  Oncorhynchus keta, in Traitor's Cove Alaska, with speculations on the carrying capacity XE "carrying capacity"  of the area.  National Marine Fisheries Service, Fishery Bulletin 73:846-861.

chum XE "chum salmon" , pink

Traitor's Cove, Revillagigedo Is., Alaska.

These fry fed XE "food"  little in fresh water but fed heavily in estuary.  Did not feed on cloudy moonless nights.  In aquaria fry consumed 2-3 zooplankters/min at 65-170 foot candles, but decreased to 0.5 zooplankters/min at 2 foot candles.  In dark conditions the fry consumed 0-0.2 zooplankters/min.

Epibenthic prey XE "food"  was rare in stomachs of fry less than 60 mm XE "size" .  Traitor's Cove has rocky shorelines XE "distribution"  providing little benthic feeding opportunity.  Dominant prey: cladocera, decopod zoea, and larvacea.  Barnacle nauplii small portion of diet even though large portion of plankton.

The feeding XE "food"  rate was higher at lower water velocities.  Maximum feeding rate at 0-10.7 cm/sec.  Feeding ceased at 20-24 cm/sec.  Fry avoided currents greater than 24 cm/sec.

Estimated 1-7 million fry present XE "timing"  during each of the three years studied.  Carrying capacity of Traitor's Cove estimated at 50-100 million fry.

Barry, K.L., J.A. Grout, C.D. Levings, B.H. Nidle, and G.E. Piercey.  2000.  Impacts of acid mine drainage on juvenile salmonids in an estuary near Britannia Beach in Howe Sound, British Columbia.  Canadian Journal of Fisheries and Aquatic Sciences 57:2032-2043.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Howe Sound, British Columbia.

An abandoned copper mine has been releasing acid mine drainage into Howe Sound for many years.  Highest concentrations of copper occurred XE "timing"  in the spring during snow melt when copper near the creek exceeded 1 µg/L at a pH of less than 6 in the fresh surface water.  Beach seining (15 X 2.5 m, 3mm mesh) showed chum XE "chum salmon"  abundance XE "abundance"  near the creek was substantially lower than in reference areas near other creeks in Howe Sound.  Catches of chinook XE "chinook salmon"  were too low to determine difference in distribution XE "distribution" .  

Live cage studies were conducted using 60 x 40 x 90 cm frames covered by 1 cm plastic mesh.  Cages were suspended at the surface, 2 m and 3 m.  Twenty five chinook XE "chinook salmon"  smolts XE "smolt"  from a local hatchery XE "hatchery"  were placed in each cage.  Chinook in the surface cage suffered high mortalities within one day at Britannia Creek, and complete mortalities within two days.  Fish at 2 and 3 m had over 90% survival at five days.

Bax, W.J.  1982.  Seasonal and annual variations in the movement XE "migration"  of juvenile chum salmon XE "chum salmon"  through Hood Canal XE "Hood Canal" , Washington.  Pages 208-218 in Brannon, E.L., and E.O. Salo, editors. Proceedings of the Salmon and Trout Migratory Behavior Symposium, University of Washington, Seattle, Washington.

chum XE "chum salmon" 
Hood Canal XE "Hood Canal" , Washington.

This report discusses data also presented by (Bax 1983, Simenstad and Kinney 1978, and Simenstad et al 1980).  Chum fry released from a hatchery XE "hatchery"  are found greatly dispersed within one day of release, with a considerable proportion having crossed several miles of open water to the opposite shore of Hood Canal XE "Hood Canal" .  Migration rates of both wild and hatchery fish varied considerably from 4 to 14 km/day.  Migration rates are at least partially explained by seasonal variation in surface outflow caused by prevailing winds.

Bax, N.J.  1983.  Early marine mortality XE "survival"  of marked juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) released into Hood Canal XE "Hood Canal" , Puget Sound XE "Puget Sound" , Washington, in 1980.  Canadian Journal of Fisheries and Aquatic Sciences 40:426-435.

chum XE "chum salmon" 
Hood Canal XE "Hood Canal" , Puget Sound XE "Puget Sound" , Washington.

Hatchery-reared chum XE "chum salmon"  (50 cm) were marked with fluorescent pigment and released near the mouth of the Skokomish R. in south Puget Sound XE "Puget Sound" .  Marked fish were recaptured by beach seine (37 x 3 m) and tow net along the beaches of southern Hood Canal XE "Hood Canal" .  Average daily mortalities of 31% and 46% were estimated for periods of two and four days.  Concluded mortality XE "survival"  is initially high (especially for fish remaining near point of entry) and decreases during first 40 days following entry into saltwater.  

Bax, N.J., E.O. Salo, B.P. Snyder, C.A. Simenstad, and W.J. Kinney.  1978.  Salmonid out-migration studies in Hood Canal XE "Hood Canal" .  Final Report, Phase III, January to July, 1977.  University of Washington, Fisheries Research Institute 7819.  128 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Hood Canal XE "Hood Canal" , Washington.

Young salmon were collected at eight stations near the Bangor submarine base in 1977 by beach seine (37 x 2.4 m) and tow net (3-m deep XE "depth distribution"  by 6-m wide), from January through July.  Chinook were present XE "timing"  in the study area from early March through July at low numbers.  No additional information is provided on small chinook XE "chinook salmon" .

Chum fry were numerous in samples from the western side of the canal in late January, but in very low numbers from the east side.  By late February they were abundant on both sides of the canal, except for a single date in late February on the west side.  Chum remained numerous through mid-July.  In February through April the chum XE "chum salmon"  averaged about 40 mm XE "size"  in both beach seine and tow net catches, with several exceptions.  Beginning in late April they showed a steady increase in length XE "growth rate"  to about 80 mm by July.  Fry collected by tow net tended to be slightly larger than those collected by beach seine.

Chum fry caught along the shoreline ate XE "food"  predominantly harpacticoids and gammarids, along with calanoids, diptera, hyperiids, insects and other prey.  Those caught by tow net ate harpacticoids, euphausids, calanoids, hyperiids and gammarids by nearly equal weights (16-9%).  Coho smolts XE "smolt"  ate primarily crab larvae and euphausids,  along with some larval fish, gammarids, hyperiids, and calanoids.

One larger chinook XE "chinook salmon"  (mean 122 mm XE "size" ) and several cutthroat XE "cutthroat trout"  were found to have eaten XE "food"  chum XE "chum salmon"  fry.  Fifteen species of potential predators XE "survival" 

 XE "predators"  were collected and examined for juvenile salmonids.  Most showed no indication of predation on young salmon.  One of two Pacific cod and two of twelve staghorn sculpins had consumed chum.

Beall, E.P.  1972.  The use of predator XE "survival" -prey tests to assess the quality of chum salmon XE "chum salmon"  Oncorhynchus keta fry.  Thesis, University of Washington, Seattle, Washington.  105p.

chum XE "chum salmon" , coho XE "coho salmon" 
Laboratory.

Chum fry were exposed to coho XE "coho salmon"  smolts XE "smolt"  and sculpins (Cottus asper) in spawning channel sections.  Coho preyed preferentially on smaller and lighter fry.  Sculpins did not appear to select fry by size XE "size" .

Beamer, E., and R. Henderson.  1995.  Fish and fish habitat XE "restoration"  for the Deepwater Slough restoration feasibility study.  Report by Skagit System Cooperative, LaConner, Washington.  54p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Skagit R. XE "Skagit River" , Washington.

Off-channel sites were sampled in the Skagit River XE "Skagit River"  delta during 1992 and 1993 by fyke net and beach seine.  Chinook, coho XE "coho salmon"  and chum XE "chum salmon"  fry were found to be present XE "timing"  in these blind channels in substantial numbers during the spring.  The data are not analyzed, other than recovery efficiency estimates for the six sites.  Later results of this study are provided in Hayman et al. 1996, and Beamer, McClure and Hayman 2000.

Beamer, E.M., and R.G. LaRock.  1998.  Fish use and water quality XE "water quality"  associated with a levee crossing the tidally influenced portion of Browns Slough, Skagit River XE "Skagit River"  estuary. Washington.  Unpublished report by Skagit System Cooperative, LaConner, Washington.  41 p. + appendices.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Skagit R. XE "Skagit River" , Washington

Fish were sampled in a slough separated from the Skagit Bay portion of the river delta by a levee having a four foot diameter tidal culvert equipped with a manually operated gate that remained open except during flood periods.  Previously tide gates had allowed only downstream passage of water and no tidal flooding or fish passage for four years.  The separated tidal slough was about 600 m long surrounded by marsh between levees that enclosed the upstream end. The wetted area of the slough was estimated at 2.8 ha upstream of the levee during high tide and 1.1 ha at low tide.  Rooted herbaceous hydrophytes including sedges (Carex sp.) and bulrush (Scirpus sp.) dominated the marsh vegetation.  Fish were sampled at six locations using a 21 x 3 m beach seine having a 3 mm XE "size"  mesh.  

Fish collected on the slough side of the levee were primarily chinook XE "chinook salmon"  and chum XE "chum salmon"  fry, smelt, and three-spine stickleback.  Substantial numbers of staghorn sculpin and starry flounder were also common.  Small numbers of yearling chinook and coho XE "coho salmon" , cutthroat XE "cutthroat trout" , prickly sculpin, shiner perch, and peamouth chub were also collected.  Gut contents of a small number of fish were observed.  Staghorn sculpin had eaten XE "food"  crago shrimp, amphipods and smelt; two cutthroat had eaten several smelt and chinook fry.

Average abundances of chinook XE "chinook salmon"  were 6.6-17.9 fish/100m2, and chum XE "chum salmon"  7.6-33.2 fish/100m2.   Juvenile salmon timing and abundance XE "timing" 

 XE "abundance"  on both sides of the levee were similar indicating the fish were commonly passing through the open tide gate.  Both chinook and chum fry were abundant in the channel habitat XE "restoration" .  Chinook were present in only small numbers in the marsh habitat XE "marsh habitat" , while chum were found in moderate numbers in the marsh habitat.

Water quality XE "water quality"  on the slough side of the levee was similar to water quality on the bay side.  Dissolved oxygen and pH tended to be very similar.  Water temperatures were sometimes higher on one side and sometimes higher on the other.  The maximum water temperature on the bay side reached 19.5˚ C, and on the slough side 19.6˚ C.  Salinity also was not different across the levee, but was substantially lower at the upstream end of the slough.

Beamer, E.M., R.E. McClure, and B.A. Hayman.  2000.  Fiscal Year 1999 Skagit River XE "Skagit River"  chinook XE "chinook salmon"  restoration XE "restoration"  research.  Unpublished report, Skagit System Cooperative, LaConner, Washington.  24p.

chinook XE "chinook salmon" 
Skagit R. XE "Skagit River" , Washington

This report summarizes information collected by the cooperative on all aspects of the fresh water and estuarine XE "distribution"  phases of chinook XE "chinook salmon"  life history XE "timing" 

 XE "residence time" .  Estuarine trapping by fyke net of chinook was continued in 1999 using methods described in Hayman et al. (1996).  Eight blind channels in the river delta were sampled from February through July.  Using mark recapture efforts rearing capacity and duration were estimated.  Ocean-type chinook  fry reared an estimated 34.2 days in the blind channels.  Rearing capacity was estimated to range from about 1,000 fish /hectare to nearly 16,000 fish/hectare.  A Beaverton-Holt relationship shows maximum capacity to be about 22,000 fish/hectare.  This would provide capacity for about 2.6 million fry within the existing delta.

The nearshore habitat XE "restoration"  of Skagit Bay (outer edge of river delta) was sampled twice per month at five locations by a 30.5 x 3.7 m (4 mm XE "size"  mesh) beach seine from mid-February through late October.  Chinook fry were present XE "timing"  in Skagit Bay at the beginning of sampling in mid-February and had left the bay by late October.  Apparently some portion of the fry population moves directly to the bay without rearing within the delta.  Peak abundances in 1999 occurred in late February and early June, while in previous years (1995-98) peaks occurred between May and July.  Catches of chinook XE "chinook salmon"  were often associated with substantial numbers of sandlance, smelt, and herring.

The mean fork length XE "size" 

 XE "growth rate"  of fry collected in February was 41 mm (32-52 mm) , and 155 mm in September (98-268 mm).  Mean fork lengths tended to remain relatively constant during February through April, but increased rapidly from April through September.

Beamer, E.M., J.C. Sartori, and K.A Larsen.  2000.  Skagit chinook XE "chinook salmon"  life history XE "timing" 

 XE "residence time"  study progress report number 3.  Unpublished report by Skagit System Cooperative, LaConner, Washington.  20 p.

chinook XE "chinook salmon" 
Skagit R. XE "Skagit River" , Washington

Otolith patterns were examined for ocean-type chinook XE "chinook salmon"  fry collected from three habitat XE "restoration"  zones in the Skagit R. XE "Skagit River"  estuary to distinguish different rearing patterns.  Fish were collected from forested riverine tidal, emergent forested transition and estuarine XE "distribution"  emergent marsh zones, as well as the nearshore environment of Skagit Bay.  Previous year’s work identified five rearing patterns: 1) freshwater to bay, 2) freshwater to estuary to bay, 3) freshwater to estuary, to freshwater to bay, 4) freshwater to estuary to freshwater to estuary to bay, and 5) estuary to freshwater to bay.

Relatively slow growth in the forested and transition zones together with relatively rapid growth in the estuarine XE "distribution"  zone provides differential otolith checks allowing differentiation of rearing areas.  The bay checks were consistently wider than the estuarine increments and always occupied the edge of fry otoliths.  During two years the majority (56% & 70%) of the fry reared in freshwater than the estuary than the bay.  Substantial numbers of fry (11-20%) returned from the estuary to freshwater before entering the bay, or (16-20%) moved from the estuary to freshwater to the estuary to the bay.  Only a very small portion (1-4%) passed directly from freshwater to the bay, or (1-2%) from the estuary to freshwater to the bay.  Fish of these later two groups had a sufficiently brief residence XE "timing"  in freshwater prior to entering the estuary that no detectable freshwater check was visible.

Mean duration XE "residence time"  of rearing was shortest (25.2 & 35.5 days) for fry moving from freshwater to the estuary to the bay, and longest (59 and 76.5 days) for fry moving directly to the estuary and returning to freshwater before entering the bay.   Average rearing duration in the estuarine XE "distribution"  habitats for all fry over two years was 34.2 days.

Beamish, R.J., M. Folkes, R. Sweeting, and C. Manken.  1998.  Intra-annual changes in the abundance XE "timing" 

 XE "abundance"  of coho XE "coho salmon" , chinook XE "chinook salmon" , and chum salmon XE "chum salmon"  in Puget Sound XE "Puget Sound"  in 1997.  Pages 531-541 in Puget Sound Water Quality Action Team, Puget Sound Research ’98, Olympia, Washington.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Puget Sound XE "Puget Sound" .

Juvenile salmon were sampled with a rope trawl having an opening 21-m deep XE "depth distribution"  by 64.5 m wide during the spring, summer and fall.  The majority of young, most in their first year of marine life, were collected in the 0-15 m tows.  Nearly all were within 30 m of the surface.  Stomach content analysis showed the each species tended to prey XE "food"  on the same food sources, although not with the same preference, and preference changed with season.  In the spring chum XE "chum salmon"  and coho XE "coho salmon"  had a strong preference for euphausids.  Chinook also consumed euphausids along with fish.  During the summer all three species consumed crab larvae and fish.  In the fall all three species ate a variety of euphausids, amphipods, crab larvae, and fish. 

Coho were much less abundant in the fall than earlier in the year.  Large numbers of chinook XE "chinook salmon"  and chum XE "chum salmon"  remain in Puget Sound XE "Puget Sound"  at least into the fall of their first year in the marine environment.

Beamish, J.R., and C.M. Neville.  1995..  Pacific salmon and Pacific herring mortalities in the Fraser River XE "Fraser River"  plume caused by river lamprey (Lampetra ayresi).  Canadian Journal of Fisheries and Aquatic Sciences 52: 644-650.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Fraser R. XE "Fraser River"   British Columbia

In the Fraser River XE "Fraser River"  plume river lamprey killed an estimated minimum of 20 and 18 million juvenile chinook XE "chinook salmon" , and 2 and 10 million juvenile coho XE "coho salmon"  in 1990 and 1991.   This is the equivalent of 25% and 65% of total Canadian production XE "production"  of chinook and coho.  Estimates of predation XE "survival"  rates were based on rates of wounds, estimates of lamprey population size XE "size" , and laboratory observations of predation.

Beamish, J.R., B.L. Thomson, and G.A. McFarlane.  1992.  Spiny dogfish predation XE "survival"  on chinook XE "chinook salmon"  and coho salmon XE "coho salmon"  and the potential effects on hatchery-produced salmon.  Transactions of the American Fisheries Society 121:444-455.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Big Qualicum R. XE "Big Qualicum River"  Vancouver Is. British Columbia

Spiny dogfish were collected adjacent to the Big Qualicum estuary with both 13 cm stretched mesh gill nets set on the bottom at depths of 5-55 m, and with a bottom trawl.  Gill net estimates during late May when large numbers of young salmon were released were up to 1.4 million dogfish in 1988 and 1 million in 1989.  Trawl estimates of the dogfish population in the area in July were considerably lower at 173,000 in 1988 and 126,000 in 1989 at sizes of 42-116 cm.  An estimated 7.3% of the dogfish collected in late May and early June contained young chinook XE "chinook salmon"  or coho XE "coho salmon" .  Dogfish apparently congregated near shore during the time the young salmon were leaving the estuary.  Dogfish feeding XE "food"  on salmon consumed an average of about 2-3 salmon per day.  Estimates of total salmon consumed by the dogfish were 7.7 million in 1988, and 1.1 million in 1989.  The dogfish appear to congregate  in response to the release of large numbers of young salmon leading to predation XE "survival"  rates that are not indicative of predation on wild fish.

Becker, C.D.  1966.  An annotated bibliography on the ecology of salmonids in Puget Sound XE "Puget Sound" .  Circular No. 66-17, Fisheries Research Institute, University of Washington, Seattle, Washington.  69 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink

Pacific Northwest

This document provides an early summary of numerous research and technical papers dealing with a wide variety of issues regarding salmon.  Many of the papers reviewed deal with general peripheral subjects such as water quality XE "water quality" , hatchery XE "hatchery"  programs, habitat XE "restoration"  characteristics, etc.  

Bessey, R.F.  1976.  Behavioral responses of juvenile salmon in a moving thermal XE "temperature"  gradient.  Thesis, University of Washington, Seattle, Washington.  50p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Laboratory, Puget Sound XE "Puget Sound" , Washington.

Wild and hatchery-reared fry of the three species were exposed to temperature gradients in dual gradient troughs, in 1970 and 1971.  Fish tested were hatchery XE "hatchery"  chinook XE "chinook salmon"  (57 and 85 mm XE "size" ), wild chum XE "chum salmon"  (35 mm), hatchery chum (34 and 35 mm) and wild pink (50 mm).

Minimum temperatures avoided by the fry were: hatchery XE "hatchery"  chinook XE "chinook salmon"  16(C, wild chum XE "chum salmon"  16(, hatchery chum 15(, and wild pink 19(.  Minimum temperatures that caused avoidance were: hatchery chinook 6.2( and  8.6(, wild chum 1.6(, hatchery chum 1.8( and 7(, and wild pink 8.7(.  Responses varied among test groups and years.  All species responded immediately to temperature increases of less than 1(C per minute by increased swimming rates, decreased schooling, and preference for near-ambient temperatures.  Rapid temperature increases of more than 1(C per minute did not cause avoidance until temperature approached harmful levels.

Black, E.A., and C.J. Low.  1985.  Ctenophores in salmon diets.  Transactions of the American Fisheries Society 112:728.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Port Hardy XE "Port Hardy" -Port McNeil, British Columbia.

Stomach contents of 50 chum XE "chum salmon"  and one chinook XE "chinook salmon"  collected by beach seine, gill net and purse seine were examined.  The fish were 70-170 mm XE "size"  long.  Ctenophores were the primary component of 39% (50) of the chum examined, and in one of four chinook examined.  The ctenophores constituted 80% of the volume of food XE "food"  contained by these fish.  No other food items were described in this paper.

Blackbourn, D.J.  1976.  Correlation analysis of factors related to the marine growth and survival of Fraser River XE "Fraser River"  pink salmon XE "pink salmon" .  Pages 198-200 in Proceedings of the 1976 northeast Pacific pink and chum salmon XE "chum salmon"  workshop. Alaska Department of Fish and Game, Juneau, Alaska.

pink

Fraser R. XE "Fraser River" , British Columbia.

Factors found to positively correlate with survival of pinks included size XE "size"  at arrival in the estuary area (Mission), number of days between April 1 and peak XE "timing"  date of arrival, and the average size of fry.  Survival was also positively correlated with average solar radiation from March to May.  Factors negatively correlated with survival included total number of fry passing through the estuarine XE "distribution"  area and the average discharge of the Fraser River XE "Fraser River"  during March to June.

Fry were observed to occupy water a few feet deep XE "depth distribution"  early in the migration XE "migration" , but moved several hundred feet offshore in June and later.

Bostick, W.E.  1955.  Duwamish River XE "Duwamish River"  seining studies.  In Puget Sound XE "Puget Sound"  Stream Studies, Progress Report July-Nov. 1953, Washington Department of Fisheries, Olympia, Washington. 

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Duwamish R. XE "Duwamish River" , Washington.

Young salmon were seined in the Duwamish estuary from the mouth of the river to 2.75 miles upstream at six sites between early April and late July.  Chum salmon were present XE "timing"  when sampling began in early February, but were not abundant until late April, peaked in early May, and sharply declined in late May.  A few chum XE "chum salmon"  were present until mid-June.  Chinook were not present until early May, peaked in late May, and steadily declined through late June, with some present into late July.  Coho also first appeared in early May, peaked by mid-May, and rapidly declined by late May.

Residence in the estuary was indicated by recovery of marked fish.  Only four of 491 chum XE "chum salmon"  were recovered, while 3.4% of 423 marked chinook XE "chinook salmon"  were recovered.  No marked coho XE "coho salmon"  were recovered.  These recoveries show similar trends to the length XE "size" 

 XE "growth rate"  of time over which each species was caught in the estuary.  All of the recovered chinook spent at least one week in the estuary, half spent at least two weeks, and two spent six weeks.

Bottom, D.L., and K.K. Jones.  1990.  Species composition, distribution XE "distribution" , and invertebrate prey XE "food"  of fish assemblages in the Columbia River XE "Columbia River"  Estuary.  Progress in Oceanography 25:243-270.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia R. XE "Columbia River" , Oregon-Washington

Fish were sampled over an 18-month period within three zones of the Columbia River XE "Columbia River"  estuary by beach seines and shrimp trawls of several sizes.  The three zones were tidal fluvial, estuarine XE "distribution"  mixing, and plume & ocean.   Chinook, chum XE "chum salmon"  and steelhead were each collected in each of the three zones during the winter, spring and summer seasons.  Salmonids tended to occur XE "timing"  within the water column, as well as at bay, shoal, and demersal slope habitat XE "restoration"  types but not channel bottom in each of the zones.  General fish densities were considerably lower in the channel bottom and water column habitat types than at the bay and demersal slope habitats.  Corophium salmonis and C. spinicorne were important prey XE "food"  to species groups including salmonids.  Daphnia sp. was also an important prey during the summer.

Bravender, B.A., S.S. Anderson, and W. VanTine.  1996.  Discovery Harbor Marina XE "marinas"  and surrounding nearshore area, Campbell River XE "Campbell River"  B.C.  Pacific Biological Station.  Nanaimo B.C. Document SSCFS97131023E.
chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Campbell R. XE "Campbell River" , B.C.

The Discovery Harbor Marina XE "marinas"  is a dredged basin of about 18 hectares enclosed by a rubble mound breakwater about 1,5 km south of the mouth of the Campbell River XE "Campbell River"  mouth.  The site was formerly  a shallow bay with a large eelgrass bed.  

Beach and purse seine sets were made within and adjacent to the Discovery Harbor Marina XE "marinas"  to collect juvenile salmon.  One hundred sets were made with 44 inside the marina.  Approximately 46% of the chinook XE "chinook salmon"  were collected within the marina by 44% of the effort.  Most of these chinook were zero-age ocean-type fish.  Marked chinook reared and released within the marina were recaptured at about the same ratio within and outside the marina.   Only 21% of the chum XE "chum salmon"  and 4% of the pinks were caught within the marina.  Diver surveys showed the young salmon were primarily in the shallower areas near the breakwater.  Schools of rockfish and perch were observed in deeper areas.  Within the marina young salmon were found primarily near the sallow ends of the breakwater where zooplankton were thick.  Salmon were found mainly in shallow water areas, while rockfish and perch were found in deeper areas.
Bullivant, J.S.  1961.  The influence of salinity on the rate of oxygen consumption XE "oxygen consumption"  of young quinnat salmon, Oncorhynchus tshawytscha.  New Zealand Journal of Science 4:381-391.

chinook XE "chinook salmon" 
New Zealand, laboratory

Young chinook XE "chinook salmon"  (quinnat) salmon were reported to have different growth rate XE "growth rate" s in fresh water and in seawater under natural conditions.  Measured growth rates in this study were highest in 50% seawater.  The oxygen consumption XE "oxygen consumption"  rates (2.1-9 mg/L) of yearling chinook (15-44 g) were found to not be significantly different in fresh water, 50% seawater, and 100% seawater (salinity = 35.4 g/kg).  The author concluded the insignificant difference in oxygen consumption would be expected if the energy expended on osmoregulation XE "saltwater adaptation"  was a small portion of the total energy consumption..

Cardwell, R.D., S.J. Olson, M.I. Carr, and E.W. Sanborn.  1980.  Biotic, water quality XE "water quality"  and hydrologic characteristics of Birch Bay Village Marina XE "marinas"  in 1978.  Washington Department of Fisheries, Technical Report No. 54.  103 p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Puget Sound XE "Puget Sound"  shoreline

Juvenile chinook XE "chinook salmon"  and chum XE "chum salmon"  collected from the Birch Bay Marina XE "marinas"  were found to prey XE "food"  on larval and juvenile baitfish.  Potential predators XE "survival" 

 XE "predators"  within the marina basin included starry flounder, striped seaperch pile perch surf smelt, Pacific staghorn sculpin, cutthroat trout XE "cutthroat trout" , and larger chinook and coho salmon XE "coho salmon" .  None of the collected potential predators was found to have eaten young chinook or chum.  Diving ducks were also considered to be potential predators, however few (1-4) remained within the marina basin in May and June when most of the young salmon were present XE "timing" .  The authors concluded the marina provided and altered, but not necessarily undesirable environment for most aquatic organisms.

Cardwell, R.D., M.I. Carr, S.J. Olson, and E.W. Sanborn.  1978.  Biotic, water quality XE "water quality"  and hydrologic characteristics of Birch Bay Village Marina XE "marinas"  in 1977 (October 1 1976 to December 31, 1977).  Washington Department of Fisheries, Progress Report No. 69.  90 p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Puget Sound XE "Puget Sound"  shoreline

Day and night sampling of fish within the Birch Bay Marina XE "marinas"  in northern Puget Sound XE "Puget Sound"  showed no difference in the numbers of young salmon present XE "timing"  at different times during the day.  More species of small sculpins and flatfish were present at night than during the day.  Chinook and chum XE "chum salmon"  were present in May and June.  Release of marked chum indicated most young salmon remained in the marina less  than five days but a few remained up to a month.

Carl, L.M., and M.C. Healy.  1984.  Differences in enzyme frequency and body morphology among three juvenile life history XE "residence time"  types XE "timing"  of chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha) in the Nanaimo River XE "Nanaimo River" , British Columbia.  Canadian Journal of Fisheries and Aquatic Sciences 41:1070-1077.

chinook XE "chinook salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

There are three life-history types of chinook XE "chinook salmon" , one of which migrates directly to the estuary for rearing upon emergence from the gravel.  The second migrates to the estuary following about two months of stream rearing.  The third type migrate as smolts XE "smolt"  after one year of stream rearing.  Both genetic information and body characteristics indicate these life-history types are genetically isolated subpopulations.

Clark, C., and J.E. Shelbourn.  1985.  Growth and development of seawater adaptability by juvenile fall chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha) in relation to temperature.  Aquaculture 45:21-31.

chinook XE "chinook salmon" 
Big Qualicum River XE "Big Qualicum River"  hatchery XE "hatchery" , Vancouver Is. BC

Fall chinook XE "chinook salmon"  fry were reared in 197-l tanks at nominal temperatures of 8, 12 & 16°C before transfer to seawater at temperatures of 10, 12, and 14°C.  Fry of 1.5 g and larger could survive and grow in seawater.  Optimum regulation of plasma sodium occurred XE "timing"  in fish of 5.6 g reared in 14°C fresh water and transferred to 10°C seawater.  Maximum growth in seawater was observed in fish of 6 g transferred from 10°C fresh water to 14°C seawater in early June.  Considerable delayed mortality XE "survival"  occurred in sea water associated with scale loss for fish reared in warm water.
Collins,K., S. Adamany, D.D. Roby, B.P. Craig and D.E. Lyons.  2000.  Avian predation XE "survival"  on Juvenile salmonids in the lower  Columbia River XE "Columbia River" .  Unpublished report.  1998 annual report to Bonneville Power Administration.  97 p.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia R. XE "Columbia River" , Oregon-Washington

Aerial surveys (photographic) in the Columbia River XE "Columbia River"  estuary were conducted in 1997 and 1998 to assess population numbers and resting locations of piscivorous waterbirds from nine breeding colonies.  Ground surveys were conducted of the primary breeding colonies at Rice Island and East Sand Island (dredge spoil islands).  Direct observation, bird sampling, and recovery of PIT tags from young salmon (49,000) provided assessment of diet XE "food"  composition of Caspian terns (Sterna caspia) and double-crested cormorants (Phalacrocorax auritus), the predominant piscivorous birds in the Columbia River estuary.

Young salmonids comprised 74% of the diet XE "food"  mass for Caspian terns ad 21% of the diet mass of Double-crested cormorants, but only 8% of the diet mass of glaucous-winged/western gulls (Larus glaucescens x L. occidentalis).  Most foraging by terns occurred XE "timing"  within 8 km of Rice Island, their primary breeding colony.

Caspian terns were estimated to consume 10.8 million juvenile salmonids (range7.4-15.2 million) in 1998 out of an estimated out-migrant population of 95 million smolts XE "smolt" .  Cormorants were estimated to have consumed 4.6 million young salmon (range 2.2-9.2 million).  These estimates equal about 16% of the migrant population in 1998.  Previously in 1997 the investigators estimated the birds ate XE "food"  about 6-25 million juvenile salmon or about 6-25% of the migrant population.

Congleton, J.L.  1978.  Feeding patterns of juvenile chum XE "chum salmon"  in the Skagit River XE "Skagit River"  salt marsh.  Pages 141-150 in Lipovsky, S.J., and J.A. Simenstad, ed. Gutshop '78 Fish food XE "food"  habits studies, Proceedings of the Second Pacific Northwest Technical Workshop.  Washington Sea Grant, University of Washington, Seattle, Washington. 222 p.

chum XE "chum salmon" 
Skagit R. XE "Skagit River" , Washington.

Chum fry were collected every two to three hours over 24-hour periods, twice in 1977 and once in 1978.  Fry were taken from a tidal channel XE "distribution"  about 6 to 8-m deep XE "depth distribution"  in a marsh area surrounded by sedge (Carex sp.) and bulrush (Scirpus americanus, S. maritimus).  

The amount of food XE "food"  contained in the fry's stomachs fluctuated widely, with peaks once or twice each 24-hour period.  Maximum weights of stomach contents occurred XE "timing"  3-4 hours after high tide.  Minimum weights occurred late in the slack water period.  No increase occurred for about 2.5 hours following the beginning of the incoming flow.

Chum ate XE "food"  primarily dipteran flies (over 80% by weight).  These dipterans were predominantly chironomids.   Oligochaetes were also a substantial prey item.   Harpacticoid copepods were about 4% (by weight) of the food consumed.  During low water periods, when stomach contents were lowest,  Anisogammarus confervicolus, and harpacticoids were more frequently consumed.  Because chironomids were infrequent in drift samples it appeared the chum XE "chum salmon"  fry were feeding on the substrate.

Congleton, J.L., S.K. Davis, and S.R. Foley.  1981.  Distribution, abundance XE "timing" 

 XE "abundance"  and outmigration XE "migration"  timing of chum XE "chum salmon"  and chinook salmon XE "chinook salmon"  fry in the Skagit salt marsh.  Pages 153-163 in Brannon, E.L., and E.O. Salo, editors. Salmon and trout migratory behavior symposium, University of Washington, Seattle, Washington.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Skagit River XE "Skagit River" , Washington.

Fry (42-52 mm XE "size" ) of chinook XE "chinook salmon"  and chum XE "chum salmon"  were present XE "timing"  from March through early May in the river and adjacent salt marsh areas.  Numbers declined rapidly after mid-May.  Larger chinook (52-60 mm) increased in late May in the river, but not the salt marsh.  Fry in the marsh averaged 4-7 mm larger than in the river, except during periods of high immigration, apparently due to growth during residence.  Estimated mean residence time XE "residence time" s were 2-4 days chum and 3-6 days chinook.  Estimated one-third of the migrant fry used the salt marsh rather than migrating directly to Skagit Bay.

Congleton, J.L., and J.E. Smith. 1976.  Integrations between juvenile salmon and benthic invertebrates in the Skagit Salt Marsh.  Pages 31-35 in Simenstad, C.A., and S.J. Lipovsky (editors) Fish Food Habitats Studies, Proceedings of 1st Pacific Northwest Technical Workshop, Washington Sea Grant, University of Washington, Seattle, Washington.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Skagit R. XE "Skagit River" , Index Slough, Washington.

Sampled salmon fry with a beach seine (7 x 2 m) in a side channel of the South Fork of the Skagit River XE "Skagit River"  from late April through May 1976.  In late April chum XE "chum salmon"  fry exceeded 100/m2 and chinook XE "chinook salmon"  abundance XE "timing" 

 XE "abundance"  was about 20/m2 in the slough.  Both chinook and chum abundance decreased to about 5-10/m2 in May. 

Prey consumed by the fry included Corophium salmonis, harpacticoid copepods (10% by weight), and insect larvae.

Conley, R.L.  1977.  Distribution, relative abundance XE "timing" 

 XE "abundance" , and feeding XE "food"  habits of marine and juvenile anadromous fishes of Everett Bay, Washington.  Thesis, University of Washington, Seattle, Washington.  61p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Snohomish R. XE "Snohomish River" , Washington.

Juvenile salmon were collected by beach seine (61 x 2.4 m) at four locations on the lower end of the Snohomish River XE "Snohomish River"  Delta, April through May 1975.  Trawl collections of non-salmonids were made at four adjacent locations in river channels.  Two locations had log rafts present XE "timing"  and two did not.  The numbers of young salmon collected at the locations did not appear to be influenced by the presence or absence of log rafts.

Chinook consumed insects, gammarid amphipods, Cumacea, Corophium, and mysids (in order of numerical abundance XE "timing" 

 XE "abundance" ).  Gammarids (28%), insects (27%), and fish (19%) were the most important by weight.  Coho prey XE "food"  in order of abundance were mysids, insects, gammarids, Cumacea, Corophium, and isopods.  By weight coho XE "coho salmon"  consumed mysids (26%), gammarids (24%), insects (23%), and Cumacea (18%).  Although only a few chum XE "chum salmon"  were examined, they consumed primarily gammarids and insects (95%).

Larger staghorn sculpins caught with the salmon consumed primarily young staghorns (45% by weight), ghost shrimp (23%), and other non-salmonid fishes.

Cordell, C.R., H. Higgins, C. Tanner, and J.K. Atkin.  1998  Biological status of fish and invertebrate assemblages in a breached-dike wetland site at Spencer Island, Washington.  University of Washington, Fisheries Research Institute, FRI-UW-9805, Seattle, Washington.  19p.

chum XE "chum salmon" , coho XE "coho salmon" 
Snohomish River XE "Snohomish River" , Washington.

Juvenile salmon, as well as benthic invertebrates and insects were sampled in a restored XE "restoration"  wetland two and one half years following breach of dykes constructed in the 1950s.  Juvenile salmon were sampled from early March through mid-June with small-mesh gill nets, a fyke trap, and two beach seines (5.5 & 30 m long).  Juvenile chum XE "chum salmon"  were present XE "timing"  in substantial numbers from late March through late mid-May with a few caught in late May.  Coho were present in small numbers from early May through mid-June, and a single coho XE "coho salmon"  was collected in early March.

Observation of large numbers of chum XE "chum salmon"  and large catches in beach seines indicated the young chum were successfully accessing the restoration XE "restoration"  site.  Chum were 33-38 mm XE "size"  in late March.  By mid-April they had increased to 34-50 mm. In May and June chum were in the range of 35-45 mm.  Coho varied widely in size from 54 to 132 mm.

Chum fry fed XE "food"  predominantly on chironomid pupae and emergent adults.  These insects were most dominant in benthic cores and fallout trap samples.  Chum from the reference site, lower in the estuary, had diets dominated by Neomysis mercedis during one sampling event.  Coho also consumed chironomids, as well as a variety of other surface-drift insects, indicating they were more surface oriented than the chum XE "chum salmon" .  Coho captured in mid-June were feeding heavily on the freshwater isopod, Caecidotea.

Craddock, D.R., T.H. Blahm, and W.D. Parente.  1976.  Occurrence and utilization of zooplankton by juvenile chinook salmon XE "chinook salmon"  in the lower Columbia River XE "Columbia River" .  Transactions of the American Fisheries Society 105:72-76.

chinook XE "chinook salmon" 
Columbia River XE "Columbia River" , Washington-Oregon.

Chinook were collected in the upper portion of the estuary during July through November, 1968 and March through December 1969 by purse seine at mid-river, and by beach seine from both sides of the river.

From July through October Daphnia were the major item in stomach contents XE "food" .  Insects were the most important constituents during the spring and fall.  The juvenile chinook XE "chinook salmon"  were selective in consuming Daphnia at a much higher percentage than found in zooplankton samples.

Dames and Moore Inc. and BioSonics.  1994.  Salmon migration XE "migration"  study Manchester Naval Fuel Pier, Manchester, Washington.  Unpublished report to U.S. Navy, Silverdale, Washington.  52 p.

chum XE "chum salmon" 





Puget Sound XE "Puget Sound"  shoreline

Hydroacoustic and visual observations were used to determine the movements of young chum salmon XE "chum salmon"  in the vicinity of a large oil pier along an otherwise natural shoreline.  Seine catches (by NMFS) were use to verify species observed.  Observations determined the fish’s presence XE "timing" /absence in various areas near the pier, and their direction of travel.

Juvenile chum XE "chum salmon"  were found to move primarily along the shoreline, but also offshore along the pier. A relatively small number of the juvenile salmon were observed offshore as were several schools of juvenile sand lance (30-40 mm XE "size" ).  Most of the chum nearshore were 60-80 mm, while those observed offshore were 90 mm or larger.  The pier’s shadow appeared to not alter shoreline migration XE "migration"  patterns.  No behavioral response to the pier’s shadow was observed.  No delay in migration at the pier or increased predation XE "survival"  was evident.  No evidence of increased predation in the vicinity of the pier was observed.

Only small numbers of juvenile salmon were collected in two of nine sampling dates prior to the second week in May.  Young salmon were routinely collected in the vicinity of the pier throughout May, June and July.

D’Amours, D.  1987.  Trophic phasing of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta Walbaum) and harpacticoid copepods in the Fraser River XE "Fraser River"  estuary, British Columbia.  Thesis, University of British Columbia, Vancouver, British Columbia.  142 p.

chum XE "chum salmon" 
Fraser R. XE "Fraser River" , British Columbia

This study attempts to identify the relationship of juvenile chum XE "chum salmon"  growth and survival to production XE "production"  of prey XE "food"  in an estuarine XE "distribution"  habitat XE "restoration" .  Juvenile chum were sampled from Roberts Bank on the outer Fraser River XE "Fraser River"  delta by beach seine at low tide.  Their potential epibenthic prey were sampled at discrete intervals immediately above the bottom by a diver operated sled with five sampling nets (64 µ) at approximately 5 cm intervals above the bottom.  Epibenthos sampling was conducted at one hour following high slack tide.

Chum collected over two years varied from 33 to 66 mm XE "size" .  Chum were present XE "timing"  from late March through early July, with most present in late May and early June.  Juvenile chum XE "chum salmon"  fed XE "food"  on three harpacticoid copepods (Harpacticus uniremis, Tisbe spp.,  Zaus aurelii).  Harpacticus and Zaus were preferred prey species, while Tisbe was selected at a much lower frequency than its abundance XE "abundance"  in the zooplankton population.  The dark color and relatively large size are given as possible reasons for the strong preference for Harpacticus.  Other crustaceans in the epibenthic plankton were not selected by the chum.  Harpacticoid populations bloomed in the spring coincidental with extreme daytime low tides and sediment warming.  Harpacticoid populations bloomed during a 30-40 day period that tended to correspond to the time the chum are most abundant in the estuary.  Shifts in the  timing of the predator XE "survival"  and prey populations could influence survival of the young chum.

Davis, S.K.  1981.  Determination of body composition, condition, and migration XE "migration"  timing of juvenile chum XE "chum salmon"  and chinook salmon XE "chinook salmon"  in the lower Skagit River XE "Skagit River" , Washington.  Thesis, University of Washington, Seattle, Washington.  97p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Skagit R. XE "Skagit River" , Washington.

Young salmon were sampled on the south fork of the Skagit River XE "Skagit River"  along the main distributory channel (Fresh Water Slough) within the tidally influenced delta.  Sampling by fyke net in the main channel (currents 4 ft/sec) and by beach seine (22 x 2 m) in a small cove.  Sampling was conducted from mid-April through mid-June 1979.  Seasonally the rate of migration XE "migration"  was influenced by increases in river discharge.

Chum fry were the major migrants collected beginning in early April.  Chum catches had a very substantial peak XE "timing"  on May 1 and continued at low levels through early June.  The outmigration XE "migration"  of chum XE "chum salmon"  increased at about 1800 hrs, peaked between 2100 and 0300 hrs, and remained low after 0300 hrs except for a minor peak near dawn between 0700 and 1000 hrs. 

Chinook were also migrating throughout the sampling period, with peaks in early May, and late May to early June.  The daily timing of their outmigration XE "migration"  was similar to chum XE "chum salmon"  with an increase at dusk, a peak XE "timing"  near midnight, and another small increase near dawn.  

The size XE "size"  of chum XE "chum salmon"  increased only slightly during the season from about 38 mm to about 42 mm in late May, then decreased again to about 38 mm.  Fish caught by fyke net and beach seine were essentially the same size.  However, chinook XE "chinook salmon"  steadily increased in size during the migration XE "migration"  from about 40 mm to about 55 mm in early June. 

Davis, M.W., and B.L. Olla.  1986.  Aggression and variation in growth of chum salmon XE "chum salmon"  (Oncorhynchus keta) juveniles in seawater: effects of limited rations.  Canadian Journal of Fisheries and Aquatic Sciences 44:192-197.

chum XE "chum salmon" 
laboratory

Chum fry were fed XE "food"  on three limiting ration levels for 40 days.  Fry (50-80 cm) were fed either 1.3, 3.5 or 7.2% body weight/day.  Fish fed the mid-level retained their condition factor XE "growth rate"  while those fed the high level increased and those fed the low level decreased.  Median growth rates of the high and mid-level ration were not significantly different (1.1 and 0.7% body weight), while the growth rate of the low rations group was significantly less (-0.3% body weight).  

Aggression (chases/minute) was greater at higher ration levels.  However, the fry retained their schooling behavior while showing this aggression XE "behavior" .

Dawley, E.M., R.D. Lederwood, T.H. Blam, C.W. Sims, J.T. Durkin, R.A. Kirn,  A.E. Rankin, G.E. Monan, and F.J. Ossiander.  1986.  Migrational characteristics, biological observations, and relative survival of juvenile salmonids entering the Columbia River XE "Columbia River"  Estuary, 1966-1983.  Unpublished report by National Marine Fisheries Service, Seattle, Washington.  256 p.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia River XE "Columbia River" 
Fish were sampled at various locations over the lengthy river estuary from near RKm 75 to near the mouth by beach seine, purse seine, and mid-water trawl from 1966 to 1983.  Timing of fish was primarily dependent on dates of hatchery XE "hatchery"  releases together with river flow rates.  Timing of subyearling chinook XE "chinook salmon"  varied considerably from year to year.  Most subyearlings were present XE "timing"  from May through August, generally with bimodal peaks in May-early June and late July-early August.  Yearling fish continuously moved through the estuary into the ocean plume.  Coho were present generally between mid-April to late May, with the peak of migration XE "migration"  in early May.  Peak of migration occurred earlier in later years when hatchery fish were of a larger size XE "size" .

Subyearling chinook XE "chinook salmon"  had an average size XE "size"  of about 75 mm from mid-May through mid-July, both at Jones Beach (RKm 75) and at the downstream end of the estuary, Clatsop Spit.  Mark recoveries suggest these yearlings remained in the estuary for short periods of time.  Marked subyearlings were recovered from ocean beaches 6-15 days following release at RKm 75 to 89.  Subyearlings released in the river at 200/lb remained in the estuary for several months, growing rapidly until they reached about 75 mm, then migrating out of the estuary.

Most subyearling chinook XE "chinook salmon"  were concentrated in shallow near-shore areas within 3 m of the surface, however larger fish and those that had migrated 250 km or more did not concentrate near shore. Yearling salmon and steelhead were found primarily in mid-river areas.

Coho moved relatively rapidly through the estuary.  Measured migration XE "migration"  rates ranged from 3 to 26 km/day from hatchery XE "hatchery"  release locations.

Jones Beach (RKm 75) appeared to be the transition zone for feeding XE "food"  by subyearling chinook XE "chinook salmon"  from insects (Diptera, Hymenoptera, Coleoptera, Ephemeroptera, Tricoptera) upstream to diptera, cladocerans, and some amphipods (Corophium salmonis, C. spinicorne, Eogammarus confernicolus) downstream, with varying importance from year to year.  Many yearling salmon and steelhead passing through the estuary had empty or less than full stomachs.  Considerable overlap of the salmon species occurred XE "timing" , with dipterans most important for chinook and coho XE "coho salmon" , and hymenopterans for steelhead.

Donnelly, R., B. Miller, R. Lauth and J. Shriner.  1984.  Fish ecology, Section 7, Volume VI, Renton sewage treatment plant project: Seahurst baseline project.  University of Washington, Fisheries Research Institute, FRI-UW-8413.  276 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Puget Sound XE "Puget Sound"  shoreline, south of Seattle, WA

Beach seine and offshore otter trawl sampling was conducted at five locations quarterly over two years in southern Puget Sound XE "Puget Sound"  between Seattle and Tacoma.  Small numbers of young chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink and sockeye salmon XE "sockeye salmon"  were collected during the spring and summer in some beach seine samples but not otter trawl samples.  Little information is provided on the salmon collected.  Other species common in the beach seine samples included English sole, rock sole, shiner perch, striped perch, and staghorn sculpin.

Dorcey, A.H.J., T.G. Northcote, and D.V. Ward.  1978.  Are the Fraser marshes essential to salmon?  A Westwater Lecture, Westwater Research Centre, University of British Columbia, Vancouver, British Columbia.  32p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Fraser R. XE "Fraser River" , British Columbia.

This paper reviews available data on the characteristics of the marsh habitat XE "marsh habitat" , and potential salmon use of the area during downstream migrations.  Apparent use of the marsh is described as high for chinook XE "chinook salmon" , moderate for chum XE "chum salmon"  (inner marsh), moderate for coho XE "coho salmon"  (outer  marsh), very low for pink fry, and low for sockeye XE "sockeye salmon" .  The information available was not adequate to reject assertions regarding the importance of the marsh and tidal habitat XE "restoration"  to juvenile salmon.

Drucker, B. 1972.  Some life history XE "timing" 

 XE "residence time"  characteristics of coho salmon XE "coho salmon"  of the Karluk River system, Kodiak Island XE "Kodiak Island" , Alaska.  Fishery Bulletin 70:79-94.

coho XE "coho salmon" 
Karluk R., Alaska.

Coho smolts XE "smolt"  migrated through the estuary beginning in mid-May and are finished by late June, in the years 1961-1967.  Most of the migration XE "migration"  into saltwater occurs during the darkest hours of night. 

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

chinook XE "chinook salmon" , chum XE "chum salmon" , and sockeye XE "sockeye salmon"  

Fraser R. XE "Fraser River" , British Columbia.

Salmon were collected at 11 locations along the shoreline of river channels (sloughs), and four side channel locations in the Fraser River XE "Fraser River"  delta, by means of beach seine (14 x 2 m), from March until early August, in 1973 and 1974.  Chum arrived in the estuary beginning in mid-March and were initially most abundant.  Mean fork length XE "size" 

 XE "growth rate"  37-38 mm (mid-March through late May) indicating only brief residence XE "timing" , fish emigrated as they grew.  In June the few chum XE "chum salmon"  present were closer to 50 mm, indicating a few reared in the delta.  Chinook arrived in early April at about 39-40 mm.  Their size remained constant until early May, then increased steadily to about 60-70 mm by early July.  A small number of sockeye XE "sockeye salmon"  fry were also collected in this study.

Comparison of numbers of chum XE "chum salmon"  and chinook XE "chinook salmon"  estimated to use the side channel habitat XE "restoration" , and the slough (river channel) habitat and the estimated total production XE "production" , indicated a small portion of the chum (0.3-2.1%) used the delta habitat.  An estimated 0.5% of the chum used the side channel habitat in 1973 when 2.1% of the migrating population used the delta.  A larger portion of the chinook population (9-25%) used the delta areas, although only 7% used the side channel habitat.

Chum fry consumed primarily chironomids (pupae, larvae), cladocera (Daphnia), Anisogammarus, Corophium, Neomysis, and various insects.  Chinook fry ate XE "food"  chironomids (pupae), and cladocera, as well as Anisogammarus, Corophium, Neomysis, and tabanid larvae.  Prey consumed by the fish varied between the north and south delta, as well as over time.  Chum and chinook XE "chinook salmon"  were capable of exploiting most of the same food resources.   Sockeye consumed a wide variety of planktonic and surface prey.

Dunstan, W.  1955.  Green River downstream migration XE "migration" .  Washington State Department of Fisheries. In Progress Report 1955. p.1-4.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Green River, WA

Two modified Elwha-type fyke nets were used to capture juvenile chum XE "chum salmon" , coho XE "coho salmon" , and chinook salmon XE "chinook salmon"  in the Green River in 1955.  One net was placed 200 yards above the Soos Creek Hatchery XE "hatchery"  bridge, the other 2 miles farther upstream.  On February 18 when sampling began few chum were caught in the upper net.  Apparently, much of the chum production XE "production"  was in the Burns and Newaukum Creeks, which enter the Green River between the two net sites.  Chum migration XE "migration"  peaked XE "timing"  between March 20 and April 3. Catches of young of the year coho fluctuated but were consistently higher in the lower net, apparently because production occurs in Burns and Newaukum Creeks.  Most coho yearlings were taken in the lower net, but sporadically with numbers increasing from April 14 through April 21.  Chinook salmon appeared February 18-19 and reached a maximum in the lower net on April 7.  Chinook apparently peaked between April 7 and 17.  Most chinook were produced in the areas between the traps.

Durkin, J.T.  1982.  Migration characteristics of coho salmon XE "coho salmon"  (Oncorhynchus kisutch) smolts XE "smolt"  in the Columbia River XE "Columbia River"  and its estuary.  Pages 365-376 in Kennedy, V.S., editor. Estuarine comparisons, Academic Press, New York, New York.

coho XE "coho salmon" 
Columbia River XE "Columbia River" , Washington-Oregon.

Coho were collected by purse seine (200 x 10 m) and beach seine (50 x 3 m) at numerous locations within the estuary from early April through June.  Coho were present XE "timing"  in 1966-1971 generally from late April through late May in substantial numbers.  The average size XE "size"  (10-16 cm) of smolts XE "smolt"  was greatest in April and decreased during the migration XE "migration"  period, indicating the larger smolts migrate earlier than the smaller coho XE "coho salmon" .  

The smolts XE "smolt"  were most commonly collected near the surface in open water.  Hatchery-reared fish released in the estuary showed a greater tendency to move across tide flats into bays than upriver smolts.  Smolts were more frequently captured during the day than at night, indicating they swim more rapidly downstream by day.

Coho consumed primarily the tube dwelling amphipod (Corophium salmonis) while in the estuary, although they had consumed primarily insects upriver.

Ellis, C.H.  1957.  Effect of salt water rearing on survival of fall chinook salmon XE "chinook salmon" .  Unpublished report by Washington State Department of Fisheries (now Department of Fish and Wildlife), Olympia, Washington. 12p.

chinook XE "chinook salmon" 
Samish River, Washington

Young of the year chinook XE "chinook salmon"  were tested for salt-water tolerance by one of four treatments following 78 days of fresh-water rearing.  One group of 3 g fry (150 fry/lb) was released immediately; one group following five days adaptation in conditions incrementally raised from 25% to 75 % seawater (3 g fry); one following eight days seawater adaptation and 25 days rearing in 100% salt water (9 g, 49 fry/lb); and one following eight days adaptation and 60 days rearing in 100% salt water (18 g, 25 fry/lb).

Adult returns of three and four year old fish were highest (0.75%) for those fish adapted to seawater over five days, and somewhat lower (0.47%) for those fish released directly to seawater.  Young chinook XE "chinook salmon"  adapted to seawater over eight days and reared in seawater for 25 and 60 days had substantially lower returns as adults (0.26 and 0.19% respectively).  The timing of adult returns for the four groups was not significantly different.

Emmett, R.L., and M.H. Schiewe (ed.).  1997.  Estuarine and ocean survival of Northeastern Pacific salmon: Proceedings of the workshop.  U.S. Department of Commerce, NOAA. Tech Memo. NMFS-NWFSC-29. 313 p.

Engstrom-Heg, R.  1968.  Diet and growth of juvenile salmon in an estuarial impoundment.  Washington Department of Fisheries, Fisheries Research Papers 3:5-25.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Deschutes R., Capitol Lake, Washington.

Capitol Lake is a former estuary converted to fresh water by an impoundment dam equipped with tide gates.  Natural-spawned chinook XE "chinook salmon"  and coho XE "coho salmon"  moved from the river into the lake in late summer 1955.  Over a million chinook fry were released into the lake in early May.  A few coho remained in the lake from yearlings reared in the lake during the previous winter.  Small numbers of chum XE "chum salmon"  were also present XE "timing" .

Chinook fed XE "food"  almost exclusively on chironomid larvae (Chironomus tentans) in the late spring and early summer.  In August they began to also feed on planktonic crustaceans (Daphnia pulex, Epischura nevadensis).  Coho also consumed primarily chironomids.  Chum fed on planktonic crustaceans (Cyclops bicuspidatus, Bosmina coregoni, Daphnia pulex).

Most chinook XE "chinook salmon"  migrated from the lake in July.  They showed steady growth throughout their rearing in the lake, increasing from 3 g to about 15 g when most migrated in July.  Those remaining increased to 60-70 g by September.

Feist, B.E., J.J. Anderson, and R. Miyamoto.  1996.  Potential impacts of pile driving on juvenile pink (Oncorhynchus gorbuscha) and chum XE "chum salmon"  (O. keta) salmon behavior and distribution XE "distribution" .  Unpublished report, FRI-UW-9603 Fisheries Research Institute, University of Washington, Seattle, Washington.  58 p.

chum XE "chum salmon" , pink

Puget Sound XE "Puget Sound" , Washington

Observations of naturally migrating young salmon were made at four Puget Sound XE "Puget Sound"  locations during 1990.  Juveniles were collected by beach seine (1.8 x 10 m, 4 mm XE "size"  mesh) and fyke net .  A fish attraction device (2.4 x 3.7 m float with 0.6 m center opening) was also used to observe fish.  The report provides a brief, but thorough description of sound propagation in water and fish hearing.

Within the range of salmon hearing (10-380 Hz) pile driving generated a sound field with a radius of at least 600 m.  Pile driving appeared to affect the distributions and behavior of young salmon within the vicinity of the activity.  The numbers of salmon within the construction site were about twice as great on non-pile driving days as on pile driving days.   Fish appeared to congregate more at an acoustically isolated portion of one site during pile driving than on non-pile driving days.

Schools of chum XE "chum salmon"  and pink were typically in water less than 1.5 m deep XE "depth distribution"  and within 2 m of shore.  These fish were strongly surface oriented, and strongly oriented to shoreline structures (piles, docks, pile driving rigs, etc.).  Schools were observed to follow a small boat that slowly approach them and then drifted away from the shore.  Shoreline orientation XE "behavior"  of the fish did not change during pile driving.  Fish were not observed to dive in response to pile driving, nor to move offshore.  Fish responded to disturbance such as waving a hand over the water or throwing a pebble at them by  lateral movement XE "migration"  rather than vertical movement. 

Average length XE "size" 

 XE "growth rate"  of the fish collected tended to not change during the study.  Stomach content analysis demonstrated the fish were feeding XE "food" , indicating the fish were transient in the study area rather than not growing.

Feller, R.J.  1974.  Trophic analysis of juvenile pink and chum salmon XE "chum salmon"  from Puget Sound XE "Puget Sound" , 1970-1972.  Pages 149-160 in Harding, D.R., editor. Proceedings of the 1974 northeast Pacific pink and chum workshop, Department of the Environment, Fisheries, Vancouver, British Columbia.

chum XE "chum salmon" , pink

Puget Sound XE "Puget Sound"  beaches, Washington.

Chum and pink fry were collected by dip net from Anderson Is., Dabob Bay, and Port Susan from early April to June in 1970-1972.  The fish are present XE "timing"  on these beaches for about two months until they reach about 50-60 mm XE "size" .  During a 24-hr sampling the schools were observed to break up at dusk, move offshore, then regroup again at dawn near the shore.

The fry ate XE "food"  somewhat different food at the three locations.  At Anderson Is. they ate harpacticoids almost exclusively.  At Dabob Bay harpacticoids were the predominant prey (numerically),  but gammarids, calanoids, and invertebrate eggs were also substantial.  At Port Susan gammarids and calanoids were predominant, with cladocera, insects, and harpacticoids substantial prey.  In the 24-hr study at Dabob Bay, both chum XE "chum salmon"  and pink fry fed on epibenthic prey during darkness and planktonic prey during daylight.  The fry were highly selective in the prey they consumed.

Feller, R.J., and V.W. Kaczynski.  1975.  Size selective predation XE "survival"  by juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) on epibenthic prey XE "food"  in Puget Sound XE "Puget Sound" .  Journal of the Fisheries Research Board of Canada 32:1419-1429.

chum XE "chum salmon" 
Anderson Is., Dabob Bay, and Port Susan, Puget Sound XE "Puget Sound" , Washington.

This report compares the gut contents of chum XE "chum salmon"  collected by Kaczynski et al. 1973 to epibenthic samples from the same beaches.  Chum preferred smaller prey XE "food"  of those available as determined by the epibenthic sampling.  Speculated the apparent selection of harpacticoids at Anderson Is. and Dabob Bay may be due to the greater availability of the harpacticoids in relation to other, larger prey.

Fisher, J.P., and W.G. Pearcy.  `1990.  Distribution and residence XE "timing"  time XE "residence time" s of juvenile fall and spring chinook salmon XE "chinook salmon"  in Coos Bay XE "Coos Bay" , Oregon.  Fishery Bulletin 88:51-58.

chinook XE "chinook salmon" 
Coos Bay XE "Coos Bay" , Oregon.

Juvenile salmon were collected from early April though mid-October using a beach seine (2.5 x60 m) at five locations in Coos Bay XE "Coos Bay" .  Only two chinook XE "chinook salmon"  were collected prior to mid-May.  Wild and cultured juvenile chinook peaked XE "timing"  in middle to late May, and declined to low levels after mid-June.  Small fish (60-120 mm XE "size" ) were fall chinook fry that remained in the bay about one month prior to emigrating to the ocean.  Larger spring chinook (123-156 mm) released directly into the bay remained for only about 10 days.

Fall  chinook XE "chinook salmon"  tended to be present XE "timing"  earlier than spring chinook, and lower in the estuary when spring chinook were released.  Relatively small numbers of fall chinook were present later in the season when spring chinook were released.  Differences in distribution XE "distribution"  may have been due in part to differences in time of entry or release into Coos Bay XE "Coos Bay" .

Two groups of fin-clipped fall chinook XE "chinook salmon"  grew at apparent rates of 0.29 and 0.54 mm XE "size" /day.  Emigration of larger fish may make these estimates lower than actual growth rate XE "growth rate" s.

Foskett, D.R.  1951.  Young salmon in the Nanaimo area.  Fisheries Research Board of Canada, Pacific Progress Report 86:18-19.

chum XE "chum salmon" , pink, and coho XE "coho salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

Juvenile salmon were collected incidentally in herring sampling during July and August.  The diet XE "food"  of the smaller fish (69-105 mm XE "size" ) was predominantly insects (midge larvae) and small crustaceans.  The larger fish (>140 mm) fed on herring.

Fresh, K.L., D. Rabin, C. Simenstad, E.O. Salo, K. Garrison, and L. Matheson.  1978.  Fish ecology studies in the Nisqually Reach area of southern Puget Sound XE "Puget Sound" , Washington.  Final Report, Fisheries Research Institute, University of Washington. 229p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" 
Nisqually R. XE "Nisqually River" , Washington.

Fish using the edge of the Nisqually delta and adjacent shoreline areas were sampled in  1977 and 1978 by beach seine (37 x 3 m) and tow net (3-m deep XE "depth distribution"  by 6-m wide), as well as visual surveys.  The single delta station was not sampled in 1978.

Chinook were present XE "timing"  from late May until late July, with a few in the area earlier.  Some chum XE "chum salmon"  were collected from late March through early July, with a few into late July.  Coho were present in substantial numbers from mid-April into mid-July.  In April and May 1977, and May 1978 the chum were about 40 mm XE "size" , and showed a steady increase in length XE "growth rate"  thereafter.  Chum caught offshore tended to be larger in general, although the combined daytime catch in early May 1978 averaged 36 mm, and two other samples were 44 and 46 mm.   Pink fry were present primarily from mid-March through early May, with a few in early March.  Coho were numerous from mid-April to mid-June, with a few present into late July.

Chinook ate XE "food"  a wide variety of prey including dipterans, gammarids, decopod larvae, calanoids, euphausids, mysids, and fish.  Harpacticoids were a small quantity in their diet in 1977, and absent in 1978.  

Chum collected in shallow water ate XE "food"  primarily epibenthic prey while those caught in deeper waters ate primarily planktonic prey.  Chum collected by beach seine consumed primarily harpacticoids, with gammarids, calanoids, and insects substantial prep groups.  Chum fry caught by tow net ate primarily gammarids, with insects, harpacticoids, and calanoids substantial prey groups.

Coho collected by beach seine consumed primarily gammarid amphipods and crustacean larvae, as well as mysids, polychaetes, and cumacea.

Pink fry collected in 1977 ate XE "food"  predominantly calanoid copepods, while those collected in 1978 ate harpacticoids as well.  In 1978 samples were collected from a sand/eelgrass habitat XE "restoration"  not sampled in 1977.

Fresh, K.L., R.D. Cardwell, and R.R. Koons.  1981.  Food habits of pacific salmon, baitfish, and their potential competitors and predators XE "survival" 

 XE "predators"  in the marine waters of Washington, August 1978 to September 1979.  Progress Report 145, Washington Department of Fisheries, Olympia, Washington.  58p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Puget Sound XE "Puget Sound" , Washington.

Collections of young salmon and baitfish were made at two locations in Puget Sound XE "Puget Sound"  using beach seine (37 m) and tow net (6 x 3 m).  Chum (69 mm XE "size" ) caught in beach areas ate XE "food"  mainly calanoid copepods in March and June, harpacticoids in April, euphausids in May, and decapods and larvaceans in July.  Chum (100 mm) from pelagic catches consumed euphausids, gammarids, and crab larvae.  Differences in the two locations were observed with larvacea important in chum XE "chum salmon"  from the north sound but not the south sound, and fish larvae important in the south but not the north.

Chinook were collected June and later (124 mm XE "size" ).  Nearshore (118 mm) they consumed primarily crab larvae, herring and sand lance larvae, and polychaetes.  Offshore (+200 mm) they ate XE "food"  primarily herring, along with euphausids, gammarids and mysids.

Coho (166 mm XE "size" ) were caught in shallow water only in June when they were primarily feeding XE "food"  on crab larvae.  Offshore coho XE "coho salmon"  prey included euphausids, herring, gammarids, and crab larvae.

Gerke, R.J., and V.W. Kaczynski.  1972.  Food of juvenile pink and chum salmon XE "chum salmon"  in Puget Sound XE "Puget Sound" , Washington.  Washington State Department of Fisheries, Technical Report No. 10.  27 p.

chum XE "chum salmon" , pink

Puget Sound XE "Puget Sound"  beaches

Juvenile chum XE "chum salmon"  and pink salmon XE "pink salmon"  (35-55 mm XE "size" ) were collected by dip net and beach seine at three Puget Sound XE "Puget Sound"  beaches (Anderson Is., Port Susan, Toandos Peninsula) from April through early June 1970.  Prey consumed by the young salmon varied with location.  In southern Puget Sound (Anderson Is.) they consumed harpacticoid copepods almost exclusively.  At the central Puget Sound (Port Susan) and Hood Canal XE "Hood Canal"  (Toandos) sites they consumed gammarid amphipods, barnacle nauplii, and euphausids as well as harpacticoids.  Epibenthic forms were the predominate food XE "food"  type. 

Godin, J-G.J.  1981.  Daily patterns of feeding XE "food"  behavior, daily rations, and diets of juvenile pink salmon XE "pink salmon"  (Oncorhynchus gorbuscha) in two marine bays of British Columbia.  Canadian Journal of Fisheries and Aquatic Sciences 38:10-15.

pink

Departure Bay & Hammond Bay, BC (near Nanaimo)

Analysis of stomach contents XE "food"  of pink fry showed they fed mainly during daylight hours, with little or no feeding at night.  Feeding in the littoral zone, they consumed an estimated 13.1 and 6.6% of their body weight (dry) respectively in Departure and Hammond Bays.  Similar prey were consumed in each bay with harpacticoids,  copepod nauplii, and barnacle larvae making up 93 and 86% of their food at the respective locations.  However, in Departure Bay epibenthic prey comprised only 38% of their diet, but 51% of the pink fry diet in Hammond Bay.  Assuming a growth rate XE "growth rate"  of 4.5-5.5% of body weight per day and a food conversion rate of 30%, the fry would need to consume prey equal to about 14-16% of their body weight.  

Goodman, D., and P.R. Vroom.  1972.  Investigations into fish utilization of the inner estuary of the Squamish River XE "Squamish River" .  Technical Report 1972-12, Environment Canada, Fisheries Service, Vancouver, British Columbia.  51p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" 
Squamish River XE "Squamish River"  estuary, British Columbia

Juvenile salmon and marine fish were sampled in the Squamish River XE "Squamish River"  estuary between April 11 and August 16 with beach seine (27 x 2 m), pole net, conical tow net (1 m diameter), and purse seine (182 x 13 m).  

Some juvenile chinook XE "chinook salmon"  and coho XE "coho salmon"  were present XE "timing"  in the estuary throughout the sampling period.  Peak catches of chum XE "chum salmon"  occurred in mid-May at the same time as coho, and declined rapidly to very low numbers by mid-June.  Chinook peaked in mid-June at about 25% of the peak abundance XE "abundance"  of chum.  Coho peaked during mid-May at slightly lower numbers than chinook and remained at relatively constant numbers through mid-July.  A few coho and moderate numbers of chinook were present in late July.  Chinook remained into early August.  Pink salmon were thought to have migrated prior to the initiation of sampling.

Chinook averaged about 90 mm XE "size"  in length XE "growth rate"  from April through May, but decreased greatly to about 60 mm at the end of August.  Coho followed a similar trend at 70-80 mm in late April, increasing to about 100 mm by mid June, and decreasing to 50 mm in late July.  Chum were about 37 mm in early April and steadily increased to about 60 mm by mid June when few remained.  The small numbers of pinks present XE "timing"  averaged about 40-45 mm from early April through mid June.

A section of the old river channel isolated from the current XE "behavior"  river channel provided the most favorable habitat XE "restoration"  in the inner estuary for juvenile salmon. The distribution XE "distribution"  of juvenile salmon and young herring correlated well with the distribution of major food XE "food"  organisms (amphipods and mysids).  Amphipods (Anisogammarus spp.) and mysids (Neomysis ragii) were found to be the major food sources of juvenile salmon, herring, sculpin, and starry flounder.  Young salmon also consumed a variety of other benthic invertebrates.

Gosho, M.E.  1976.  The food XE "food"  and feeding habits of juvenile pink salmon XE "pink salmon"  in the estuaries of Kodiak Island XE "Kodiak Island" , Alaska.  Thesis, University of Washington, Seattle, Washington.  62p.

pink

Kodiak Is., Alaska.

Fry emerge from the gravel in April-May, and immediately migrate to the estuaries.  Initially the fry school along the shorelines XE "distribution" , gradually moving away as they increase in size XE "size" .  Several bays were sampled from late June to August with a tow net (20-ft wide by 10 ft deep XE "depth distribution" ) in the nearshore areas.

Prey consumed by pink fry in the Kodiak Island XE "Kodiak Island"  estuaries varied widely.  Their diet XE "food"  was dependent on time of sampling and location.  Prey varied from day to night.  In one area feeding was greater during the day than at night, while the opposite was true in another area, as measured by weight of prey consumed.  Larger organisms tended to be eaten at night.  Pink fry consumed copepodids, calanoid copepods, harpacticoid copepods, planktonic eggs, zoea, fish larvae, insects, barnacle larvae, and pteropod mollusks.  

Gregory, R.S.  1994.  The influence of ontogeny, perceived risk of predation XE "survival" , and visual ability on the foraging behavior of juvenile chinook salmon XE "chinook salmon" .  Pages 271-284 in Stouder, D.J., K.L. Fresh, and R.J. Feller, editors. Theory and application in fish feeding XE "food"  ecology, University of South Carolina Press, Columbia, South Carolina.

chinook XE "chinook salmon" 
Laboratory, Fraser R. XE "Fraser River" , British Columbia.

Chinook fry from a Fraser River XE "Fraser River"  tributary were exposed to various levels of turbidity XE "turbidity"  (0-810 NTU) under laboratory conditions to determine the effect of turbidity on predation XE "survival" .  Surface, planktonic, and benthic prey XE "food"  were offered the test fish.  These fry commonly spend protracted periods rearing in turbid tidal channel XE "distribution" s of the Fraser River. 

Above 150 NTU the chinook XE "chinook salmon"  reduced feeding XE "food" .  Foraging rates in high turbidity XE "turbidity"  (370 and 810 NTU) were low as compared to intermediate turbidity (18-150 NTU), and clear water (<1 NTU).  Foraging rates of small fry (49-50 mm XE "size" ) were highest on surface prey at lower turbidities.  Larger fry (57-69 mm) had peak XE "timing"  feeding rates on surface prey at intermediate turbidity levels.  Feeding on planktonic prey was highest at low turbidity levels for both fry sizes.  Feeding rates on benthic prey were highest at intermediate turbidity levels.  Larger fry tended to have higher feeding rates at intermediate turbidity rates that they would naturally encounter rearing in tidal channel XE "distribution" s, while smaller fry fed better at low turbidity levels that they would likely experience in their natal streams.

Harris, C.K., and A.C. Hart.  1977.  Assessment of pelagic and nearshore fish in three bays of the east and south coasts of Kodiak Island XE "Kodiak Island" , Alaska.  Pages 26-29, 101-103 in University of Washington, Fisheries Research Institute, Final Report FRI-UW-7719. 

chum XE "chum salmon"  and pink

Ugak, Kaiugnak, and Alitak Bays, Kodiak Is., Alaska.

Juvenile salmon and other young fish were sampled from three Kodiak Is. bays by beach seine (47 x 4 m), and several different tow nets, from late May through August 1976.  Chum and pink fry were collected by beach seine from late May through August.  In late May chum XE "chum salmon"  fry averaged 44 mm XE "size" . By June two groups were present XE "timing" , a smaller size of 45-75 mm and a larger size group of 80-120 mm.  By August most chum were 65 mm or larger. Pink fry averaged 37 mm in late May, increasing to 50 mm by June and 70 mm or larger from July through August.  

Prey consumed by the chum XE "chum salmon"  from late May to late July included harpacticoids, gammarids, insects, mysid (adult and larvae), zoea, and fish.  Pink fry caught in late May to late July consumed primarily harpacticoids, along with small quantities of gammarids, fish eggs, cumacea, and other prey XE "food" .

Hartman, G.F., B.C. Andersen, and J.C. Scrivener.  1982.  Seaward movement XE "migration"  of coho salmon XE "coho salmon"  (Oncorhynchus kisutch) fry in Carnation Creek XE "Carnation Creek" , an unstable coastal stream in British Columbia.  Canadian Journal of Fisheries and Aquatic Science 39:588-597.

coho XE "coho salmon" 
Carnation Creek XE "Carnation Creek" , west coast Vancouver Is. British Columbia.

The timing of seaward migration XE "migration"  of coho XE "coho salmon"  from Carnation Creek XE "Carnation Creek"  was monitored over a ten year period using a diversion fence and three inclined plane traps.  The time period during which coho fry moved to the estuary varied widely during a 10-year period of monitoring.  During years with warmer winters the main period of seaward movement occurred XE "timing"  earlier than following cold winters.  Peaks of movement coincided with or slightly before freshet peaks.  In 94 of 122 cases the number of fry moving seaward during the night of peak stream discharge, or during the night before, was higher than any of the three preceding nights.  

Hasegawa, S., T. Hirano, T. Ogasawara, M. Iwata, T. Akiyama, and S. Arai.  1987.  Osmoregulatory ability of chum salmon XE "chum salmon" , Oncorhynchus keta, reared in fresh water for prolonged periods.  Fish Physiology and Biochemistry 4(2):101-110.

chum XE "chum salmon" 
Hokkaido, Japan

Chum fry (0.3-125 g) were reared in fresh water for 1.5 to 13 months than transferred directly to seawater.  The fry adjusted their plasma Na+ levels to the seawater adapted level within 12-24 hr.  Mortality following direct transfer to full strength seawater was observed only in the smallest fry (0.3 g) at a low rate of 2.1%.  Prolonged rearing in fresh water appeared to have no influence on the capacity of the chum XE "chum salmon"  fry to adapt to seawater.

Following two weeks rearing in seawater fry were transferred back to fresh water. Plasma Na+ levels decreased during the first 12 hr following transfer back to fresh water and reached equilibrium levels in 5-7 days.

Changes in plasma levels of hormones following transfer to seawater showed increases in prolactin to maximum levels three days following transfer.  Plasma growth hormone increased during the first 12 hr following transfer indicating it played a role in seawater adaptation.  Changes in plasma thyroxin and cortisol levels were not consistent following transfer to seawater.

Hayman, R.A., E.M. Beamer, and R.E. McClure.  1996.  FY 1995 Skagit River XE "Skagit River"  chinook XE "chinook salmon"  restoration XE "restoration"  research.  Report by Skagit System Cooperative, LaConner, Washington.  54p + Appendices.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Skagit R. XE "Skagit River" , Washington.

Sampling of young salmon within the Skagit delta was conducted at six side channel locations, using fyke nets set across blind channel outlets at high tide.  The sites were selected within areas defined as estuarine XE "distribution"  emergent marsh, transition, and forested riverine.  Sampling in Skagit Bay outside the rivers mouths was conducted by surface trawling using either a pair trawl or a small otter trawl, and beach seining (32 x 4 m) beginning in May at north bay sites.  They were not able to successfully use trawling in this study.  Main and subsidiary channels were not sampled.

Timing information is presented in management weeks (calendar weeks ending on Saturday, personal communication with Beamer). Timing of chinook XE "chinook salmon"  was inconsistent in that substantial densities of fry were present XE "timing"  downstream at the estuarine XE "distribution"  emergent marsh stations when sampling began in early March and peaked by mid-March, with reduced densities into early June.  Whereas the upstream riverine stations few chinook were taken prior to early April, and densities were never great with the exception of one date at the north delta station.  In the transition zone, chinook densities were only high from late April through early June, however no samples were taken between early March and late April.  

Three life history XE "residence time"  types XE "timing"  were described.  The first has fry that migrate immediately to the bay early in the year.  The second has fry that migrate to the estuary where they rear for a few weeks until reaching about 70 mm XE "size" , then migrate to the bay.  The third rears in stream habitats until reaching about 70 mm, then migrate directly to the bay without rearing in the estuarine XE "distribution"  areas.

In March and April the lengths of fry collected at the marsh sites and at the upper end of the delta were similar at 40-50 mm XE "size" .  From late April on they showed a steady increase to 70-80 mm by June.  Chinook collected at the bay sites in May and June averaged 75-95 mm, and increased from mid-July through August from about 100 mm to 120 mm.

The authors estimated that about half the outmigration XE "migration"  reared in small blind channels within the delta areas sampled.  They did not discuss the obvious movement in and out of these blind channels as evidenced by the fyke net sampling conducted.

Healey, M.C.  1967.  Orientation of pink salmon XE "pink salmon"  (Oncorhynchus gorbuscha) during early marine migration XE "migration"  from Bella Coola River XE "Bella Coola River"  System.  Journal of the Fisheries Research Board of Canada 24:2321-2338.

pink

Bella Coola R. XE "Bella Coola River" , British Columbia.

Pink fry have short periods of active migration XE "migration"  interspersed with longer periods of no migration with accumulation in bays.  Fry accumulated in the bays were collected and studied under controlled conditions.  During early morning the fry tended to orient XE "behavior"  at right angles to their direction of migration, but preferred the direction their migration path at other times, strongest at mid-day.  These data indicate celestial cues are followed during migration.

Healey, M.C.  1979.  Detritus and juvenile salmon production XE "production"  in the Nanaimo Estuary: I Production and feeding XE "food"  rates of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta).  Journal of the Fisheries Research Board of Canada 36:488-496.

chum XE "chum salmon" 
Nanaimo R. XE "Nanaimo River" , British Columbia

Fry were present XE "timing"  in the estuary from early March until early June (maximum mid-April to mid-May).  Estuary is used for log raft storage for sawmills and a pulp mill.  Fish were trapped and marked at the mouth of the river.  Collection was by beach seine at low tide in channels and east side of delta, and high tide on southern margin of delta.

Growth rate averaged about 6% per day in 1975 and 1976 when an estimated 4.1 and 2.4 million fry were estimated to have used the estuary.  Fry were observed feeding XE "food"  during both high and low tide periods.  Chum consumed about 15% (4-18%) of their body weight per day.  The total amount of prey consumed was estimated to be 6,184 and 2,815 kg respectively.  Harpacticus uniremis was estimated to provide 50% of the diet (numerical).  Low average weight of fry in estuary and absence of a systematic increase indicted a relatively short residence XE "timing"  time XE "residence time" .  Shrimp larvae, other copepods (Caliopiidae), and insects were also abundant in the diet at times.

Healey, M.C.  1980a.  The distribution XE "distribution"  and residency of juvenile Pacific salmon in the Strait of Georgia, British Columbia, in relation to foraging success.  Pages 61-69 in Melteff, B.R., and R.A. Neve editors, Proceedings of the North Pacific aquaculture Symposium, Alaska Sea Grant, Anchorage, Alaska.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

British Columbia.

This report presents summary conclusions from various efforts.  Chum and pink fry congregated close to shore in water only a few centimeters deep XE "depth distribution"  during their first few weeks of ocean residence XE "timing" . They occupied these very shallow waters until early June.  By early May some had begun to move over deeper water (20-40 m) where they were abundant by June.  Chinook fry undergo similar movements, rearing in marshes and tidal channel XE "distribution" s at salinities up to 24‰, and dispersing into deeper waters in June.

Redistribution to offshore areas appeared to be size XE "size"  dependent, with larger fish tending to move first.  Offshore movement XE "migration"  in the Nanaimo estuary appeared to be related to decreasing food XE "food"  availability.  Information from other areas did not indicate food availability is a limiting factor.

Healey, M.C.  1980b.  Utilization of the Nanaimo River XE "Nanaimo River"  estuary by juvenile chinook salmon XE "chinook salmon" , Oncorhynchus tshawytscha.  Fishery Bulletin 77:653-668.

chinook XE "chinook salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

Chinook fry were sampled within 10 km of the river mouth by beach seine (18 x 3 m), purse seine, and traps, from mid-March through June or July of 1975, 1976, and 1977.  In 1977 mark and recapture of fish was conducted to evaluate residence XE "timing"  time XE "residence time" .

Substantial numbers of chinook XE "chinook salmon"  fry began to arrive in the estuary in early April and were present XE "timing"  through late May.  Migrants were about 35-45 mm XE "size"  when they entered the estuary.  Most chinook were collected in channels on the east side of the estuary.  Smaller numbers used the intertidal mud flat and delta front.  Catches along the edges of the salt marsh were low in one year and about the same as the channels in 1976 when a larger population was present.  Fry were concentrated in the channels at low tide, and moved to the landward margin of the intertidal area at high tide.  Chinook were captured in water depths of a few centimeters to a meter or more deep XE "depth distribution" , over gravel, sand, and mud substrates, with and without eelgrass.

Chinook captured in the estuary were only slightly larger than downstream migrants (35-45 mm XE "size" ).  Near the end of the run, their size increased rapidly to about 70 mm.  At about 70 mm the fry apparently leave the estuary.  Average size was not indicative of growth since it did not account for immigration of small fish or emigration of larger fish.  Growth of marked fish was about 1.3 mm/day, or about 6% of body weight.  

Beaches outside the estuary were apparently not used by chinook XE "chinook salmon" , although they were used by chum XE "chum salmon"  and pink fry.  An unknown portion of the chinook population quickly disperses away from the Nanaimo area, with some of the young of the year rearing close to shore and later moving offshore.  Young chinook were common in deep XE "depth distribution"  purse seine catches (4 m to > 20 m) from the marine area from mid-June through October.

Food important to the chinook XE "chinook salmon"  included harpacticoids in March and early April, decamped larvae and  amphipods in April and May, and mysids and insect larvae in May-July.  The chinook shifted from invertebrates to fish prey XE "food"  as they moved offshore.

Healey, M.C.  1982a.  Timing and relative intensity of size-selective mortality XE "survival"  of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) during early sea life.  Canadian Journal of Fisheries and Aquatic Sciences 39:952-957.

chum XE "chum salmon" 
Nanaimo R, Vancouver Is., British Columbia.

Fish were caught in the study described by Healy 1979.  Scale analysis was used to determine timing and relative size-selective mortality XE "survival" .  Mortality appears to be strongly selective for fish in the 45-55 cm fork length XE "size" 

 XE "growth rate"  range.  This is the size range of chum XE "chum salmon"  as they move from shallow nearshore habitat XE "restoration"  to open water pelagic habitat.  No particular mortality agent was identified.

Healey, M.C.  1982b.  Juvenile Pacific salmon in estuaries: the life support system.  Pages 315-341 in Kennedy, V.S., editor. Estuarine comparisons, Academic Press, New York, New York.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Nanaimo R. XE "Nanaimo River" , Nitinat R., and Fraser R. XE "Fraser River" , British Columbia.

A summary of information on chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink and sockeye salmon XE "sockeye salmon"  rearing in the Nanaimo, Nitinat and Fraser river estuaries is presented.  Chum fry were present XE "timing"  in the estuaries from mid-March through June.  They resided in the estuaries from a few hours to as long as three weeks.  Habitat used varied from marsh fringe at high tide to delta channels at low tide.  At Nanaimo the chum may rear for a considerable period while at Nitinat they dispersed throughout the estuary within a few hours.  Seaward migration XE "migration"  from the estuary is size XE "size"  related, with the larger fry moving first.  

Chinook fry entered the estuaries beginning in early May and were present XE "timing"  into July.  They used habitat XE "restoration"  similar to the chum XE "chum salmon" , but did not occupy the high salinity areas of the outer estuaries until later in the year.  In the Nitinat estuary, which has no intertidal zone, the chinook XE "chinook salmon"  fry congregate close to the shore, particularly the inner estuary.  They began to leave the Nitinat estuary at about 60 mm XE "size" , and the Nanaimo at about 70 mm.  Underyearling smolts XE "smolt"  resided in the outer estuary along the delta front in June and July.

Pink fry in the Fraser estuary entered the tidal marshes on the first ebb of their migration XE "migration"  in April and May.  Their residence XE "timing"  time XE "residence time"  was no more than one or two days, with most moving through in one day.  They may rear in the outer estuaries during May and June.

Coho entered the estuaries in May and June, with most passing directly through the inner estuary. They were abundant along the delta front in May and June.  Sockeye smolts XE "smolt"  appeared to move rapidly through the estuaries, moving quickly to other nursery areas.

Prey consumed by chum XE "chum salmon"  fry in Nanaimo were primarily harpacticoids, crab larvae, insects, and calliopiidae amphipods in the inner estuary, but shifted to Oikopleura, crab larvae, calanoids and harpacticoids in the outer estuary.  At Nitinat harpacticoids were absent from their diet XE "food" .  Zooplankton were more important than benthic fauna at this estuary where only steep intertidal habitat XE "restoration"  was present XE "timing" .  In the Fraser estuary harpacticoids, chironomids, adult insects, and amphipods were consumed.  In the Squamish estuary chum consumed insect larvae, mysids, amphipods, and copepods.  Shifts in the prey consumed occur over time in these areas.  At Nitinat in 1980 the fry shifted from predominantly gammarids and adult insects in early April to include crab larvae, bivalve mollusks, and Oikopleura by late April, and to a diet dominated by cladocera by mid-May.   

Chinook at Nanaimo fed XE "food"  mainly on decamped larvae, mysids, and adult insects in the inner estuary, and larval herring in the outer estuary (1978, 1979).  In 1972 their diet included more amphipods and harpacticoids.  At Nitinat the chinook XE "chinook salmon"  fed primarily on adult insects, gammarids, and crab larvae, and occasionally on cladocera.  They also showed seasonal shift in prey items with cladocera and fish larvae becoming important later in the migration XE "migration"  period.

Coho diets also varied with location.  At Nanaimo they ate XE "food"  fish larvae, crab larvae, and insect larvae, while at Nitinat they ate amphipods and insects, and in the Squamish estuary they preyed on mysids and amphipods.  Pinks at Nanaimo fed on harpacticoids and amphipods, while at the Fraser they ate mainly amphipods.  Sockeye at Nitinat fed mainly on cladocera and some crab larvae, ostracods, insects and amphipods, but in the Fraser estuary ate mainly calanoid copepods and adult insects.

Healy concluded juvenile salmon diets vary considerably among estuaries, habitats within estuaries, and with time, indicating they are opportunistic feeders. 

Healey, M.C.  1991.  Diets and feeding XE "food"  rates of juvenile pink, chum XE "chum salmon" , and sockeye salmon XE "sockeye salmon"  in Hecate Strait, British Columbia.  Transactions of the American Fisheries Society 120:303-318.

chum XE "chum salmon" , pink, sockeye XE "sockeye salmon" 
Hecate Strait, British Columbia.

Juveniles present XE "timing"  July and August in the Strait adjacent to the B.C. coast, inside the Queen Charlotte Is., outside estuaries.  Consumed a wide variety of prey XE "food"  taxa.  Majority of food was larger planktonic prey, larvacea, euphausids, amphipods, and cancrid zoea.  Diets varied with time during a year and among years.  Amount of food found in stomachs sufficiently small to potentially limit growth and survival.

Healey, M.C., R.J. LeBrasseur, J.R. Sibert, W.E. Barraclough, and J.C. Mason.  1976.  Ecology of young salmon in Georgia Strait.  Pages 201-207 in Gunstrom, G.K., editor. Proceedings 1976 Northeast Pacific pink and chum salmon XE "chum salmon"  workshop.  Alaska Depart​ment of Fish and Game, Juneau, Alaska.

chum XE "chum salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

Summary of research through 1975.  Migration of marked fry began in early March, peaked XE "timing"  in early May, and ended at beginning of June.  Fry were common on the mudflat at the mouth of the river during this migration XE "migration"  period.  Fry spent 13-18 days in the mudflat area early in the run, and only 1.5 days late in the run.  During the peak of migration the fry began to accumulate about 1 km from the edge of the mudflat.  Fry abandoned the mudflat by the end of May when the downstream migration ended.  Numbers in the nearshore marine area peaked in mid-June.

In May fry ate XE "food"  primarily harpacticoid copepods, but also consumed shrimp larvae, dipteran larvae.  After May they ate primarily pelagic zooplankton Oikopleura sp. and Calanus plumchrus.
Heifetz, J., S.W. Johnson, K V. Koski, and M.L. Murphy.  1989.  Migration timing, size XE "size" , and salinity tolerance of sea-type sockeye salmon XE "sockeye salmon"  (Oncorhynchus nerka) in an Alaskan estuary.  Canadian Journal of Fisheries and Aquatic Sciences 46:633-637.

sockeye XE "sockeye salmon" 
Situk R., Southeast Alaska

Subyearling sockeye XE "sockeye salmon"  are present XE "timing"  in the Situk R. estuary from April through June in substantial numbers.  Most have left the estuary by late July.  Mean fork lengths increase from about 31 mm XE "size"  in April at a rate of 0.4 mm/d to about 70 mm in late July.  Age-1 smolts XE "smolt"  emigrated from the Situk R. in May-June at 69-95 mm.  Ocean-type sockeye reached the same size as stream-type sockeye in 3-4 months of estuarine XE "distribution"  rearing.  Subyearlings gained increased tolerance to high salinities with increasing size.  Less than 80% of 30-39 mm sockeye survived 26‰ salinity for 96 hr, while 90 % of 40-49 mm fish and 100% 50-59 mm fish survived the same conditions.

Heiser, D.W., and E.L. Finn, Jr.  1970.  Observations of juvenile chum XE "chum salmon"  and pink salmon XE "pink salmon"  in marina XE "marinas"  and bulkhead areas.  Supplemental Progress Report Puget Sound XE "Puget Sound"  Studies, Washington Department of Fisheries, Olympia, Washington.  28p.

chum XE "chum salmon" , pink

Five Puget Sound XE "Puget Sound"  Marinas XE "marinas" , Washington.

Visual observations were made of young chum XE "chum salmon"  and pink salmon XE "pink salmon" , and potential predators XE "survival" 

 XE "predators" , in each of the marinas to determine abundance XE "timing" 

 XE "abundance" , distribution XE "distribution" , apparent rate of movement XE "migration" , and behavior.  Observations were made between mid-April and August.

Chum and pink juveniles were observed to concentrate inside the marinas at densities much higher than corresponding natural shorelines XE "distribution" .  Observations during March and April indicated the juveniles (35-45 mm XE "size" ) were reluctant to leave the shoreline areas to move along bulkheads and breakwaters.  Fry were unwilling to enter a 30-inch diameter culvert even when chased by the authors.  Larger juveniles (50-70 mm) moved offshore into deeper waters when confronted with a large pier or bulkhead.  

Movement into deeper water increased predation XE "survival"  by coho XE "coho salmon"  smolts XE "smolt"  and cutthroat trout XE "cutthroat trout" .  Inside marinas the fry dispersed along all structures.  Predation inside the marinas was reported to be much lower than formerly thought and may have been less than in comparable adjacent beach areas.  All fry observed within the marinas appear to be in prime quality and condition.

Herrmann, R.B.  1970.  Food of juvenile chinook XE "chinook salmon"  and chum salmon XE "chum salmon"  in the lower Chehalis River and upper Grays Harbor.  Pages 59-82 in Grays Harbor cooperative water quality XE "water quality"  study 1964-1966, Washington State Department of Fisheries, Technical Report 7.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Chehalis R, and Grays Harbor, Washington.

Fish were seined (beach seine ?) from January through October 1965 at one river and three bay stations.  Both chinook XE "chinook salmon"  and chum XE "chum salmon"  were present XE "timing"  within Grays Harbor from February through May, and the chinook continued into October.  Chinooks weights remained constant until April and increased steadily thereafter.  Chum weights increased steadily from March until mid-May.  

Food consumed by the chinook XE "chinook salmon"  in the bay areas was predominately crustacea (Corophium, gammarids, mysids, Diastylis, crangonids, and crab, as well as adult insects at times.  No indication is given of the relative importance of the various taxa.  Chum were also found to feed XE "food"  on a variety of insects and crustaceans, but no indication is given of the relative importance of the various taxa listed.  The amount of food found in the stomachs of chum XE "chum salmon"  increased from about 1% of body weight in February-March to 4-6% in late April and May.  Young chinook had highly variable food to body weight ratios of <1% to >3%.  Weights of chum increased from ~0.5 g in early March to 1.4 g by May, chinook increased from 1 g in early April to 5-8 g by June.

Hoar, W.S.  1951.  The behavior of chum XE "chum salmon" , pink and coho salmon XE "coho salmon"  in relation to their seaward migration XE "migration" .  Journal of the Fisheries Research Board of Canada 8:241-263.

chum XE "chum salmon" , coho XE "coho salmon" , pink 

Nile Creek, Vancouver Is. BC

Aquarium studies of wild pink fry (32-35 mm XE "size" ), chum XE "chum salmon"  fry (35-44 mm), and yearling coho XE "coho salmon"  (87-117 mm) to evaluate behavior at time of migration XE "migration"  to salt water.  Chum and pink fry form schools or mill, are constantly active and positively reotactic, and move into swift currents.  At night loss of visual contact reduces reotactic response producing downstream movement XE "behavior" .  Active downstream swimming occurred XE "timing"  only with unusually high temperatures.  

Coho fry show less tendency to move into fast water and are quiet at night, leading to less downstream movement XE "behavior" .  Smolts tend to aggregate and have less territorial behavior.  During daylight smolts XE "smolt"  group in deeper water or under cover, but rise to the surface at night with increased activity in swifter water resulting in seaward displacement.  Sudden increases in water elevation hasten their displacement downstream.

Houston, A.H.  1957.  Responses of juvenile chum XE "chum salmon" , pink and coho salmon XE "coho salmon"  to sharp seawater gradients.  Canadian Journal of Zoology 35:371-786.

chum XE "chum salmon" , coho XE "coho salmon" , pink

Laboratory.

Fish were placed in two compartment tanks with fresh water in one compartment and sea water in the other.  The fresh water formed a surface layer across the top of the seawater compartment, which had salinities of 15-20‰ below the fresh water.  

Unacclimated chum XE "chum salmon"  fry chose to occupy the seawater within 30 minutes of being placed in the test conditions.  Pink fry behaved similarly, but they were more active and did not respond as rapidly to seawater as the chum.  Coho fry also responded positively to seawater however, they tended to remain in the upper, less saline levels of the seawater compartments.  Coho smolts XE "smolt"  also responded positively to seawater but, their response was relatively slow, occupying the seawater compartment only after an hour's exposure.

Houston, A.H.  1961.  Influence of size XE "size"  upon the adaptation of steelhead trout (Salmo gairdneri) and chum salmon XE "chum salmon"  (Oncorhynchus keta) to seawater.  Journal of the Fisheries Research Board of Canada 18:401-415.

chum XE "chum salmon" , steelhead

laboratory, British Columbia.

Fish were transferred over a short period of time from fresh water to seawater (22-24‰) by draining fresh water and replacing with sea water.  Measurement of plasma chloride levels indicates steelhead smolts XE "smolt"  (~40 g, 17 cm) adapted more readily to seawater than post smolts (~ 70 g, 20 cm).  Little mortality XE "survival"  occurred XE "timing"  in either group.  

Chum fry adapted to seawater within 24-28 hr with little mortality XE "survival" .  Adaptability to seawater increased with increasing size XE "size"  in the range tested  (50 & 60 mm, 0.9 & 1.6g).  Chum fry held in fresh water more than 7-8 months after hatching died.

Hunter, J.G.  1959.  Survival and production XE "production"  of pink and chum salmon XE "chum salmon"  in a coastal stream.  Journal of the Fisheries Research Board of Canada 16:835-886.

chum XE "chum salmon" , pink

Hooknose Cr., King Is., British Columbia.

Chum and pink migration XE "migration"  to saltwater primarily within 50 day period, but ranged from mid-March until late May.  Sculpins (Aleutian and prickly) and coho XE "coho salmon"  preyed on fry during migration to estuary.  Sculpins sampled averaged 1.5 fry/day and coho 2 fry/day.

Ito, J., and R.R. Parker.  1971.  A record of Pacific herring (Clupea harengus pallasi) feeding XE "food"  on juvenile chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha) in a British Columbia estuary.  ??

chinook XE "chinook salmon" 
Alberni Inlet XE "Alberni Inlet" , Somas R.

Two large Pacific herring (221-226 mm XE "size" ) were collected that had consumed small chinook XE "chinook salmon" .  One herring contained 16 and the other 18 chinook in a size range of 33-43 mm.

Iwata, M.  1980.  Downstream migration XE "migration"  and seawater adaptability of chum salmon XE "chum salmon"  (Oncorhynchus keta) fry.  Pages 51-56 in Melteff, B.R., and R.A. Neve editors, Proceedings of the North Pacific aquaculture Symposium, Alaska Sea Grant, Anchorage, Alaska.

chum XE "chum salmon" 
Otsuchy Bay, Japan

Hatchery XE "hatchery"  reared chum XE "chum salmon"  were released 1.2 km upstream from the river mouth.  Underwater observations indicated the fish began moving in water less than 30 cm deep XE "depth distribution"  after lying on the bottom for two or three minutes.  Fry remained near the bottom in fresh water, but selected the lower salinity near-surface water in the estuary.  The smallest fry (0.4 g) were able to acclimate to seawater after 12 hours exposure.   Increases in plasma Na+ levels indicated larger fry took slightly longer to acclimate to seawater (24 hrs).

Two rainbow trout (Salmo gardnerii) were collected in a smolt XE "smolt"  trap and were found to have consumed 42 chum XE "chum salmon"  fry.

Iwata, M., and S. Komatsu.  1984.  Importance of estuarine XE "distribution"  residence XE "timing"  for adaptation of chum salmon XE "chum salmon"  (Oncorhynchus keta) fry to seawater.  Canadian Journal of Fisheries and Aquatic Science 41:744-749.

chum XE "chum salmon" 
Otsuchy Bay, Japan.

Chum fry released from a hatchery XE "hatchery"  were observed by divers as they moved through the estuary to the bay in March and April.  Numbers of fry decreased rapidly one day following release showing rapid migration XE "migration" .  Fry were initially found in the surface water at salinities of 10-15‰.  Acclimation to isotonic estuary water for 12 h is sufficient for efficient adaptation of chum XE "chum salmon"  fry to seawater.

Johnson, S.W., J.F. Thedinga, and K V. Koski.  1992.  Life history of juvenile ocean-type chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha) in the Situk River, Alaska.  Canadian Journal of Fisheries and Aquatic Science 49:2621-2629.

chinook XE "chinook salmon" 
Situk River, Alaska

Most juvenile chinook XE "chinook salmon"  (98%) migrated from the river during their first year of life.  Fish from the lower river developed tolerance to salt water (26-30‰) earlier than fish from the upper river.  Lower river fish had a 91% tolerance for salt water by mid-May.  Nearly all fish of 50 mm XE "size"  or larger had a tolerance for salt water.  The migration XE "migration"  of 0-age chinook from the Situk River occurred XE "timing"  in July-August.  In the estuary fish increased in size from about 40 mm to 80 mm.  The actual growth rate XE "growth rate"  of marked fish was estimated to be (0.57 mm/day).

Kask, B.A., and R.R. Parker.  1972.  Observations on juvenile chinook salmon XE "chinook salmon"  in the Somass River Estuary Port Alberni, B.C.  Fisheries Research Board of Canada, Technical Report 308.  15p.

chinook XE "chinook salmon" 
Somass R., Vancouver Is., British Columbia.

Alberni Inlet XE "Alberni Inlet"  is a stable, stratified estuary, with steep intertidal shorelines XE "distribution" .  Sampling was conducted with purse seines (4 and 30-m deep XE "depth distribution" ), trawl (6 x 3 m), and gill net, in 1970 and 1971.  Aggregations of chinook XE "chinook salmon"  were seen May-July at the surface along wharves and beaches.  Peak abundance XE "timing" 

 XE "abundance"  mid-June.

Chinook (43-90 mm XE "size" ) were present XE "timing"  above the halocline in the gill net catches, except for one fish.  Chinook close to shore were over deep XE "depth distribution"  water (7 m).  The inclusion of epibenthic prey XE "food"  (cumaceans, copepods, and cladocerans) in their stomachs was considered evidence of feeding below the halocline.  The primary prey item was Anisogammarus confervicolus, found in periphyton on logs and near-bank substrates.  These gammarids were observed swimming 0.5 m up from the substrate.  Suggested that abundant log rafts around marinas provided substrate for this gammarid.  Fish near shore also ate considerable chironomid larvae with some other insects.  Fish in open water ate marine forms including fish larvae, euphausids, decamped larvae, copepods, cladocerans, chaetognaths, barnacle cyprids, polychaete larvae, and cephalopods, indicating they were feeding in or below the halocline.

Kaczynski, V.W., R.J. Feller, and J. Clayton.  1973.  Trophic analysis of juvenile pink and chum salmon XE "chum salmon"  (Oncorhynchus gorbuscha and O. keta) in Puget Sound XE "Puget Sound" .  Journal of the Fisheries Research Board of Canada 30:1003-1008.
chum XE "chum salmon" , pink

Three beaches in Puget Sound XE "Puget Sound" , Washington (Anderson Is., Dabob Bay, Port Susan).  

All fish were collected in water 1 m deep XE "depth distribution"  within 3 m of shore by beach seine.  Fish from the three areas showed different preferences in prey XE "food"  consumed.  Numerically epibenthic harpacticoid copepods were the dominant prey for chum XE "chum salmon"  and pinks from Anderson Is. (89 and 96%) and from Dabob Bay (34 and 28%).  At Port Susan the dominant prey were gammarid amphipods (34 and 31%).  Other prey consumed in substantial numbers were invertebrate eggs, mysid larvae, calanoid copepods, barnacle larvae, bivalve larvae, and Larvacea.

Kashiwagi, M., and R. Sato.  1969.  Studies on  the osmoregulation XE "saltwater adaptation"  of the chum salmon XE "chum salmon"  Oncorhynchus keta (Wallbaum).  I.  The tolerance of eyed period eggs, alevins, and fry of the chum salmon to seawater.  Tohoku Journal of Agricultural Research.  20:41-47.

chum XE "chum salmon" 
Japan

Chum eggs incubated in seawater concentrations of 100, 75, 50, and 25% hatched at inverse rates of 25, 50, 75, and 100%, however alevins hatched in seawater did not survive.  Alevins were able to survive in 25% seawater at one day post hatching, but not the higher concentrations tested.  Survival in seawater increased substantially at 10 and 20 days post hatching.  At 90 days post hatching all fry survived direct transfer to 100% seawater.

Kepshire, B.M., and W.J. McNeil.  1971.  Growth of premigratory chinook salmon XE "chinook salmon"  in seawater.  Fishery Bulletin 79:119-123.

chinook XE "chinook salmon" 
Laboratory.

Chinook fry placed in saltwater of various salinities 50 days after hatching showed lower growth rate XE "growth rate" s at higher salinities.

Kjelson, M.A., P.F. Raquel, and F.W. Fisher.  1982.  Life history of fall-run juvenile chinook salmon XE "chinook salmon" , Oncorhynchus tshawytscha, in the Sacramento-San Joaquin XE "Sacramento-San Joaquin"  estuary, California.  Pages 393-411 in Kennedy, V.S. editor, Estuarine Comparisons, Academic Press, New York, New York.
chinook XE "chinook salmon" 
Sacramento-San Joaquin XE "Sacramento-San Joaquin"  R., California.

Fry less than 70 mm XE "size"  tend to rear in the upper freshwater portion of this internal delta for about two months.  Fry larger than 70 mm migrate through the brackish bays.  Peak migrating through the estuarine XE "distribution"  areas is April to June.

Growth during estuarine XE "distribution"  rearing range from 0.4 to 1.2 mm XE "size"  per day.  In the estuary they ate XE "food"  primarily copepods, amphipods, and fish larvae, apparently planktonic prey. 

Kreeger, K.Y.  1995.  Differences in the onset of salinity tolerance between juvenile chinook salmon XE "chinook salmon"  from two coastal Oregon river systems.  Canadian Journal of Fisheries and Aquatic Sciences 52:623-630.

chinook XE "chinook salmon" 
Rogue and Trask rivers, OR

Chinook fry form the Trask River  rear in an estuarine XE "distribution"  environment while Rogue River juveniles rear in a riverine environment.  In laboratory conditions at 50 days after first feeding XE "food"  65% of the Trask River Chinook could survive 32 ‰ salinity, while only 40% of the Rogue River fish could tolerate this salinity.  Both populations required 108 days following first feeding to competently osmoregulate in seawater.  The results suggest interpopulation differences in timing of onset of salinity tolerance.

Larsen, K.A., and R.R. Reisenbichler.  1994.  The importance of estuarine XE "distribution"  habits of the Skagit River XE "Skagit River" , WA, to juvenile chinook salmon XE "chinook salmon" , Oncorhynchus tshawytscha.  Unpublished report presented at the Symposium on Pacific Salmon and Their Ecosystems: Status and Future Options.  Northwest Biological Science Center, Seattle, Washington.  15p.

chinook XE "chinook salmon" 
Skagit R. XE "Skagit River" , Washington.

Growth increments of chinook XE "chinook salmon"  fry collected from various locations in the estuary were used to assess growth of the fish as they migrated from the river through the salt marsh to the bay.  Growth increments increased as fish moved from the river to the salt marsh to the bay, with the greatest growth increments in the bay-caught fish.  Distinct check marks were seen that appeared to be the result of movement XE "migration"  from one habitat XE "restoration"  type to the next.

LeBrasseur, R.J.  1969.  Growth of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) under different feeding XE "food"  regimes.  Journal of the Fisheries Research Board of Canada 26:1631-1645.

chum XE "chum salmon" 
Laboratory.

Laboratory-reared chum XE "chum salmon"  (37-44 mm XE "size" ) were fed XE "food"  wild-caught zooplankton, size selected to separate species, at six concentrations to determine growth rate XE "growth rate" s and preferences.   Prey were predominantly Euphausia pacifica (6-20 mm), Calanus plumchrus (2.5-4.5 mm), or Pseudocalanus minutus (<1.5 mm).   Mean growth ranged from 2.2 to 5.7% per day and was independent of prey type.  Fish provided excess food increased 5.4% per day.  Electivity experiments showed chum selected copepods 1.6-4.5 mm long in proportion to their abundance XE "timing" 

 XE "abundance"  and rejected copepods <1.5 mm.  Euphausids were selected only by fish previously fed euphausids.

LeBrasseur, R.J., W.E. Barraclough, O.D. Kennedy, and T.R. Parsons.  1969.  Production studies in the Strait of Georgia.  Part III. Observations of the food XE "food"  of larval and juvenile fish in the Fraser River XE "Fraser River"  plume, February to May 1967.  Journal of Experimental Biology and Ecology 3:51-61.

chum XE "chum salmon" , pink

Fraser R. XE "Fraser River" , British Columbia.

Juvenile chum XE "chum salmon"  were present XE "timing"  under the river plume from late March through mid-May, with peak numbers in April.   Chum and pink fry (34-90 mm XE "size" ) were fed XE "food"  freshly caught plankton on board a research vessel.  Fry consumed both Calanus plumchrus (a large copepod) and Microcalanus (a small copepod), but acquired a larger ration from the larger copepod.  The smaller copepod may be unsuitable as prey since the feeding rate of pink fry did not increase at high prey concentrations.

LeBrasseur, R.J., and R.R. Parker.  1964.  Growth rate of central British Columbia pink salmon XE "pink salmon"  (Oncorhynchus gorbuscha).  Journal of the Fisheries Research Board of Canada 21:1101-1128. 

pink 

Bella Coola R. XE "Bella Coola River" , British Columbia.

Growth was essentially exponential during the first 40 days of inshore marine life.  Mean fork lengths of young pink salmon XE "pink salmon"  increased from 35 mm XE "size"  to 84 mm during this 40 days.

Ledgerwood, R.D., F.P. Thrower, and E.M. Dawley.  1991.  Diel sampling of migratory juvenile salmonids in the Columbia River XE "Columbia River"  estuary.  Fishery Bulletin 89: 69-78.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia R. XE "Columbia River" 
Five 24-hr periods were monitored in 1978-80 and compared to extensive morning-hour monitoring in 1979-83.  Diel catch patterns were generally consistent among periods.  Subyearling chinook XE "chinook salmon"  were most often caught from sunrise to early afternoon nearshore.  Yearlings were also most often caught mid-river from sunrise to early afternoon.  Coho were prevalent mid-river sunrise to early afternoon, and nearshore mid-morning to early evening.  Steelhead were most often caught mid-river from noon to early evening.  All species demonstrated decreased movement XE "migration"  during hours of darkness.  Movement showed no relationship to tidal cycle.

Levings, C.D.  1982.  Short-term use of a low tide refuge in a sandflat by juvenile chinook XE "chinook salmon" , (Oncorhynchus tshawytscha), Fraser River XE "Fraser River"  estuary.  Canadian Technical Report of Fisheries and Aquatic Sciences No. 1111, Department of Fisheries and Oceans, Fisheries Research Branch, West Vancouver, British Columbia.

chinook XE "chinook salmon" 
Fraser R. XE "Fraser River" , British Columbia.

Fry were sampled by beach seine (15 x 2.5 m) and purse seine in a remnant river channel of the outer tide flat of the Fraser delta (Sturgeon Bank) in April to July 1980.  Chinook collected by purse seine (50-55 mm XE "size" ) were slightly larger than those collected by beach seine (42 mm).  Peak abundance XE "timing" 

 XE "abundance"  occurred in May.

Chinook diet XE "food"  included primarily adult insects, cumacea (Lamprops sp.), and Neomysis mercedis.  The dominant organisms found in the chinook XE "chinook salmon"  varied with time of day.

Levings, C.D., C.D. McAllister, and B.D. Chang.  1986.  Differential use of the Campbell River XE "Campbell River"  estuary, British Columbia, by wild and hatchery-reared juvenile chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha).  Canadian Journal of Fisheries and Aquatic Sciences 43:1386-1397.

chinook XE "chinook salmon" 
Campbell R. XE "Campbell River" , Vancouver Is., British Columbia.

Chinook fry were collected in the estuary and adjacent waters by beach seine (14 x 3 m), from March through August 1972 and 1973, with once per month sampling later in each year.  Wild chinook XE "chinook salmon"  were present XE "timing"  in low numbers within the estuarine XE "distribution"  zone until mid-April when their abundance XE "abundance"  increased sharply to peak in late May, with a sharp decrease in June.  In adjacent areas they occurred mainly in mid-May to early June.  Hatchery XE "hatchery"  fish were in the estuary from mid-May through July.

The wild fry averaged 39-41 mm XE "size"  from March through April. From late May through August the wild fry gradually increased from about 45 mm to 90 mm.  Based on growth, individual residence XE "timing"  time XE "residence time"  in the estuary was estimated to average 41 days.  Hatchery XE "hatchery"  fry resided in the estuarine XE "distribution"  area about half as long as wild fish.  No evidence of density dependent growth was found.

Levings, C.D., and D.J.H. Nishimura.  1997.  Created and restored XE "restoration"  marshes in the lower Fraser River XE "Fraser River" , British Columbia; summary of their functioning as fish habitat.  Water Quality Research Journal of Canada 3:599-618.

chinook XE "chinook salmon" , chum XE "chum salmon" , sockeye XE "sockeye salmon" 
Fraser River XE "Fraser River"  estuary

Eight of 52 marsh restoration XE "restoration"  projects in the Fraser River XE "Fraser River"  Delta were examined between 2 and 6 years following construction.  Sites investigated included disrupted (no vegetation transplanted), transplanted sites, and reference (natural) sites.  Monitoring measured vegetation cover, epibenthic invertebrates, and fish.  Transplanted sites generally received American bulrush (Scirpus americanus) or Lingbyei’s sedge (Carex lyngbyei).  Rushes (Juncus) were more abundant at transplant sites than reference sites, while Lingbyei’s sedge was less abundant.

Three of four transplant sites had plant biomass of 1.100-2,000 g/m2 dry wt, within the range of reference sites.  The fourth was much lower at 600 g-m2.  The ratio of cover for transplant sites to reference sites was 0.71 to 1.08 with an average of 0.87.

Abundance’s of epibenthic invertebrates at transplant sites averaged 1.0 of reference sites, with a range of 0.65 to 1.88.  Abundances of epibenthos were significantly lower at disturbed sites.  The number of taxa at transplant sites averaged 0.97 of the number at reference sites.

Mean abundance XE "timing" 

 XE "abundance" ’s of chinook XE "chinook salmon"  and chum XE "chum salmon"  fry were not statistically different at transplant, reference, and disturbed sites.  Chinook and sockeye XE "sockeye salmon"  smolt XE "smolt"  abundances were highest at disturbed sites.  Marked chum fry dispersed within 1-3 hr from all sites, remaining as long in the transplanted marshes as the reference marshes. 

Harpacticoid copepods comprised 80% of the total number of prey XE "food"  consumed by chum XE "chum salmon"  fry.  Chum from transplant sites had more harpacticoids than those from reference or disturbed sites.  “At most of the transplanted sites assessed, invertebrate communities were similar to reference sites …”.  “The species composition of fish communities using the transplanted marshes was similar to that of reference areas (Scott and Susanto 1995) and there was no evidence that transplanted marshes were avoided by juvenile salmon or dominated by non-salmonids.”

Levy, D.A.  1978.  Chum salmon in a tidal creek of the Squamish River XE "Squamish River"  estuary, B.C.  Pages 18-24 in Lipovsky, S.J., and J.A. Simenstad, editors. Gutshop '78 Fish food XE "food"  habits studies, Proceedings of the Second Pacific Northwest Technical Workshop.  Washington Sea Grant, University of Washington, Seattle, Washington.

chum XE "chum salmon" 
Squamish R. XE "Squamish River" , British Columbia.

Chum collected from the Squamish estuary were conditioned by feeding XE "food"  mysids (Neomysis mercedis), one of two sizes of amphipod (Anisogammarus confervicolus), or Oregon Moist Pellets.  The conditioned fry were then marked and released to a tidal channel XE "distribution"  for 12 hours before recapture.  Fry conditioned to mysids ate more mysids than other fish.  Fry conditioned to amphipods did not consume more amphipods than other fish.  The low consumption of amphipods was attributed to low abundance XE "timing" 

 XE "abundance"  of amphipods in the release area during the experiment.  Large amounts of terrestrial insects were consumed by the released fry, as well as substantial quantities of chironomids.

Levy, D.A., and C.D. Levings.  1978.  A description of the fish community of the Squamish River XE "Squamish River"  estuary, British Columbia: Relative abundance XE "timing" 

 XE "abundance" , seasonal changes, and feeding XE "food"  habits of salmonids.  Department of Fish and the Environment, Fisheries and Marine Services, Nanaimo, British Columbia.  V9R 5K6.  Manuscript Report No. 1475.  63p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Squamish R. XE "Squamish River" , British Columbia

Juvenile salmon and other fish in the Squamish estuary were sampled by beach seine (8 x 120 ft) trap net (tidal channel XE "distribution" s), and gill net from October 1975 through September 1976.  Chinook in the estuary were about 90 mm XE "size"  in May thought July, increasing to about 140 mm in August.  Chum fry were about 35 mm in late March, with a steady increase to about 70 mm in September.  Coho had mean lengths of 80 to 85 mm from mid-April until early July when they began to increase to about 140 mm by late August.

Diets of the three species varied by station and date, however, samples were not taken from the multiple stations on the same dates.  Chinook consumed primarily Neomysis mercedis, along with insects in June and July.  Chum ate XE "food"  insects (pupae, larvae), Anisogammarus confervicolus, cyclopoids, and N. mercedis.  Coho preyed primarily on A. confervicolus  and N. mercedis.

Levy, D.A., and T.G. Northcote.  1982.  Juvenile salmon residency in a marsh area of the Fraser River XE "Fraser River"  estuary.  Canadian Journal of Fisheries and Aquatic Sciences 39:270-276.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Fraser R. XE "Fraser River" , British Columbia.

Three tidal channel XE "distribution" s in the southern delta were sampled by trap net from March through July 1978, during ebb tides following high slack tides.  The channels were in a sedge dominated marsh of Woodward Island.  Chinook were present XE "timing"  from early April through early June, with peak numbers in May and June.  Chum appeared in substantial numbers in late March, were abundant from late March through May, and at low numbers by early June.  Pinks also were present in March, but peaked in late April, and were absent by early June.

Mark and recapture of fry indicted the chinook XE "chinook salmon"  had a relatively long residence XE "timing"  in the marsh, chum XE "chum salmon"  a shorter residence, and pinks a brief residence.  The longest recapture of a marked chinook was 30 days, while chum and pink fry were transient and only a few were recaptured (longest times: chum 11 days, and pink 2 days).  Chinook and chum showed increases in average lengths that were attributed to growth during their residence in the tidal channel XE "distribution" s.

Chinook fry remain in the tidal channel XE "distribution" s during the early stages of ebb tide, avoiding being flushed downstream by tidal and river currents.

Levy, D.A., T.G. Northcote, and G.J. Birch.  1979.  Juvenile salmon utilization of tidal channel XE "distribution" s in the Fraser River XE "Fraser River"  estuary.  Technical Report No. 23 Westwater Research Centre, University of British Columbia, Vancouver, British Columbia.  70p.

chinook XE "chinook salmon" , chum XE "chum salmon" , 

Fraser R. XE "Fraser River" , British Columbia.

Young  salmon using three tidal channel XE "distribution" s in islands of the Fraser River XE "Fraser River"  delta were sampled during the spring with fyke type trap nets.  Nets were set at high tide on days when the tidal channels would drain substantially due to very low tides.  Collected fish were marked with fluorescent pigment.

Between March and May the tidal channel XE "distribution"  populations were dominated by juvenile chinook XE "chinook salmon" , chum XE "chum salmon"  and pink salmon XE "pink salmon" , and threespine stickleback; and in May to July by staghorn sculpin and threespine stickleback.  Peak numbers of chum and pink salmon were present XE "timing"  in middle to late April, while chinook varied among the tidal channel from late April to late May.

The mean sizes of chinook XE "chinook salmon"  remained relatively constant in March through mid-May at 40-45 mm XE "size" , increasing rapidly from 45 mm in mid May to about 70 mm by late June.  Chum also remained relatively constant at about 40 mm from March to mid-May, increasing slightly to just over 45 mm by early June.  Young pink salmon XE "pink salmon"  remained nearly uniform in size at about 37 mm from March through mid-May.

Based on recapture rates of marked fish and timing of emigration from  channels during the tidal cycles, chinook XE "chinook salmon"  showed the strongest fidelity to particular tidal channel XE "distribution" s, with chum XE "chum salmon"   intermediate, and pinks the least.  Duration of residence XE "timing"  within the tidal channels was estimated to be weeks to months for chinook, days to weeks for chum, and hours to days for pink salmon XE "pink salmon" .

Prey consumed by chinook XE "chinook salmon"  smolts XE "smolt"  in order of importance included small fish (including a few small salmon), adult and pupae insects, Anisogammarus confervicolus, and Neomysis mercedis; while chinook fry ate XE "food"  insect pupae, larvae and adults, Corophium spinicorne, and A. confervicolus.  Chum consumed insect pupae, harpacticoid copepods, insect larvae,  A. confervicolus, and adult insects.  Pinks ate the same prey with slight differences in the order of importance.  Sockeye consumed the same prey as chum XE "chum salmon"  and pink except the N. mercedis was included in their important prey and harpacticoids were not.

MacDonald, J.  1960.  The behavior of Pacific salmon fry during their downstream migration XE "migration"  to freshwater and saltwater nursery areas.  Journal of the Fisheries Research Board of Canada 17:655-676.

chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Skeena R. XE "Skeena River" , British Columbia.

Fry of all four species moved downstream toward the estuary at night, terminating their migration XE "migration"  at the approach of day.  The fish appeared to disperse into the current XE "behavior"  when light levels decreased to the point where visual contact with the substrate was lost.  Some fish continued migrating during the day, once they started migrating.  Most fish reached the estuary within one night.  Generally schooling of all four species did not occur XE "timing"  until the fish reached the estuary, however, aggregations of coho XE "coho salmon"  were observed prior to their migration.

MacDonald, J.S., I.K. Birtwell, and G.M. Kruzynski.  1986.  Food and habitat XE "restoration"  utilization by juvenile salmonids in the Campbell River XE "Campbell River"  estuary.  Canadian Journal of Fisheries and Aquatic Sciences 44:1233-1246.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Campbell R. XE "Campbell River" , Vancouver Is., British Columbia.

Diver observations of young salmon were made at five stations in the inner estuary and three stations on the outer edge of the estuary, on three occasions in late May, June and July.  Beach seine collections were made adjacent to these stations to obtain fish for stomach content analysis.  

Smaller fish tended to occupy shallower and slower water than larger fish.  At low tide wild chinook XE "chinook salmon"  moved from the slough area to shallow marginal areas adjacent to the current XE "behavior"  in the main channel.  Large numbers of wild chinook were present XE "timing"  in the outer estuary where lower velocities occurred.  Coho tended to be found in areas of higher velocities and higher salinities than chinook.  Hatchery XE "hatchery"  chinook were in lower velocities than all other salmonids.  Fish commonly held position aligned with the current in loose aggregations, rarely showing agonistic behavior.  In low velocities fish did not orient in any particular direction and formed smaller aggregations.

The diet XE "food"  of fish frequently in the shallow freshwater layer (wild chum XE "chum salmon"  and chinook XE "chinook salmon" ) ate  Bosmina sp. and insects, but shifted to Neocalanus sp. and Cumella vulgaris at the outer estuary locations.  Daily shifts in diet occurred XE "timing"  with shifts in exposure to marine and freshwater prey with changes in the tide at the inner estuary locations.

MacDonald, J.S., C.D. Levings, C.D. McAllister, U.H.M. Fagerlund, and J.R. McBride.  1987.  A field experiment to test the importance of estuaries for chinook salmon XE "chinook salmon"  (Oncorhynchus tshawytscha) survival: Short-term results.  Canadian Journal of Fisheries and Aquatic Sciences 45:1366-1377.

chinook XE "chinook salmon" 
Campbell R. XE "Campbell River" , Vancouver Is., British Columbia.

Chinook smolts XE "smolt"  from the Quinsam Hatchery XE "hatchery"  were marked and released at river, estuarine XE "distribution" , transition, and marine locations, in 1983, 1984, and 1985, to investigate estuarine residency.  Released fish were observed at marine sites by SCUBA divers, observations of potential predators XE "survival" 

 XE "predators"  were made, and subsamples were placed in live cages for observation and testing.  Beach seine sampling was conducted for 20 days following release to determine dispersal of released fish.

Avian predators XE "survival" 

 XE "predators"  observed feeding XE "food"  on young salmon included herring gulls, Bonaparte gulls and mergansers.  Dolly Varden and buffalo sculpin were caught with marked chinook XE "chinook salmon"  in their stomachs.  Predators were observed in the marine area, but few were observed at the estuarine XE "distribution"  and river sites.  Several bald eagles and harbor seals XE "seals"  were attracted to the concentrations of chinook in the estuary shortly after release.

Chinook were rarely seen more than two meters below the surface.  When in water deeper than two meters, very few were seen near the bottom.  They ingested food XE "food"  within 25 minutes of release.

During the first week, fish dispersed to both the north and south of the release areas.  Mean distances traveled during the first week were: marine-4.5 km, river-6 km, and transition-7.5 km.  Fish released in the estuary were recaptured less frequently outside the estuary than other fish.  Fish released from all locations showed some tendency to rear in the estuary.

Magnhagen, C.  1988.  Predation risk and foraging in juvenile pink  (Oncorhynchus gorbuscha) and chum salmon XE "chum salmon"  (O. keta).  Canadian Journal of Fisheries and Aquatic Sciences 45:593-596.

chum XE "chum salmon" , pink

laboratory

Chum and pink fry were collected from a marsh area of the Fraser River XE "Fraser River" , British Columbia.  Fry were exposed to feeding XE "food"  habitats with and without vegetated (plastic plants) cover in the presence XE "timing"  of larger chinook XE "chinook salmon"  smolts XE "smolt"  separated by a clear partition.  Pink fry were more frequently in the vegetation area when either predators XE "survival" 

 XE "predators"  were present or they were satiated.  Chum fry did not show much difference in habitat XE "restoration"  choice or difference in food intake with or without predators present.

Manzer, J.I.  1956.  Distribution and movement XE "migration"  of juvenile Pacific salmon in Chatham Sound and adjacent waters.  Fisheries Research Board of Canada, Pacific Progress Report 106:24-28.

chum XE "chum salmon" , pink, sockeye XE "sockeye salmon" 
Skeena R. XE "Skeena River" , British Columbia.

Juvenile salmon were sampled at the mouth of the Skeena River XE "Skeena River"  and adjacent marine beach areas, using a variety of net types, from June through August 1955.  Chum and pink fry were present XE "timing"  along most mainland and adjacent island beaches in early June, but were absent from the mouth of the Skeena River.  Their numbers decreased in July, and few were present by August.  After June, catches of fry over deeper near shore waters increased.  By September pink fry were found up to 12 miles from land and chum XE "chum salmon"  at least 1 mile.

Sockeye were abundant only in early June.  They were caught in the mouth of the Skeena River XE "Skeena River"  and along mainland beaches.  In late June they were found at reduced numbers, with none caught after mid-July.

Manzer, J.I.  1969.  Stomach contents of juvenile Pacific salmon in Chatham Sound and adjacent waters.  Journal of the Fisheries Research Board of Canada 26:2219-2223.

chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Skeena R. XE "Skeena River" , British Columbia, beaches of adjacent islands, offshore.

All fish sampled were in their first year of ocean life along beaches by beach seine (37 m x 1.8 m) in June and later offshore by purse seine.  Chum and pink were planktophagous feeding XE "food"  primarily on copepods in the southern area and Larvacea (Oikopleura sp) in the northern area, with barnacle and crab larvae making up substantial portions of their diet.  Concluded difference between southern and northern areas was probably due to prey availability.  Coho were piscivorous on herring larvae and sand lance.  Sockeye were primarily planktonic feeders, but were also piscivorous.

Mason, J.C.  1974.  Behavioral ecology of chum salmon XE "chum salmon"  fry (Oncorhynchus keta) in a small estuary.  Journal of the Fisheries Research Board of Canada 31:83-92.

chum XE "chum salmon" 
Lymn Cr. XE "Lymn Creek" , Deep Bay, Vancouver Is., British Columbia.

Chum fed XE "food"  on variety of freshwater, estuarine XE "distribution" , and marine items as they apparently  moved back and forth at the mouth of a small creek, experiencing marked changes in salinity.  Salinity changes involved were 0-27‰. Coho occupied and actively fed in upstream intertidal area at low tide, but moved upstream at high tide.  Chum fry resided in the estuarine area an average of about 1-2 weeks, and up to 30 days or more.

The prey XE "food"  consumed varied with location and time.  Fry caught at a freshwater station contained primarily marine prey.  Major prey taxa of the chum XE "chum salmon"  were: Anisogammarus confervicolus (gammarid), Corophium Spinicorne, annelids, harpacticoid copepods, and barnacle larvae.  Coho also preyed on Exosphareoma oregonensis (isopod), but rarely on annelids, harpacticoids, or barnacle larvae.

Mason, J.C., and D.W. Chapman.  1965.  Significance of early emergence, environmental rearing capacity, and behavioral ecology of juvenile coho salmon XE "coho salmon"  in stream channels.  Journal of the Fisheries Research  Board of Canada 22:173-190.

coho XE "coho salmon" 
Alsea River, Oregon (laboratory).

Behavior of juvenile coho XE "coho salmon"  was observed in an experimental stream channel having glass-walled sides. The coho showed aggressive behavior within one week of emergence.  Emigration form the stream  channels was influenced by aggressive activity.  Aggression stimulated emigration may be in part responsible for the estuarine XE "distribution"  rearing of coho fry observed by Tschaplinski (1982, 1987).  

Matthews, D.R.  1983.  Feeding ecology of the common murre, Uria aalge, off the Oregon Coast.  Thesis, University of Oregon, Corvallis, Oregon.  108 p.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Coos Bay XE "Coos Bay" , Yaquina Bay, Columbia R. XE "Columbia River" , Oregon

Transects were made at the mouth and immediate offshore area of each of the three estuaries (Coos Bay XE "Coos Bay" , Yaquina Bay, Columbia R. XE "Columbia River" ) to identify the density of common murres present XE "timing"  in April through November (1982) and May-July (1983).  Only swimming murres were counted.  Individuals were also collected for stomach analysis.  

Mean densities of murres ranged from 17 to 123 / Km2, with considerable variation among dates and locations.  High diversity of prey XE "food"  consumed and variation among individuals collected within a short period of time were considered as evidence the murres are opportunistic feeders.  Pacific herring were a dominant prey, along with large numbers of squid, juvenile rockfish, and northern anchovy.  Juvenile coho XE "coho salmon"  and chinook XE "chinook salmon"  were consumed.  Coho were 6.5% of the murre diet at Coos Bay XE "Coos Bay"  in 1981 when a commercial aquaculture operation released 11.7 million smolts XE "smolt"  in this area.  In 1982 coho were only 0.1% of the diet when 2.2 million smolts were released.  Most prey were pelagic schooling fish or invertebrates.

Meehan, W.R., and D.B. Siniff.  1962.  A study of the downstream migrations of anadromous fishes in the Taku River XE "Taku River" , Alaska.  Transactions of the American Fisheries Society 91:399-407.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , and sockeye XE "sockeye salmon" 
Taku R. XE "Taku River" , Alaska.

A scoop trap was used to collect migrants upstream of the estuary to measure the timing of migration XE "migration"  between mid-April and mid-June. Chinook, chum XE "chum salmon" , coho XE "coho salmon" , and sockeye XE "sockeye salmon"  were all present XE "timing"  in small numbers at the beginning of sampling.  Chum numbers peaked first in late April, chinook XE "chinook salmon"  next in early May, the coho peak followed immediately in mid-May, and the sockeye peaked last in early June.  Generally the migrants moved primarily at night with catches increasing about 10:00 pm and peaking near midnight.  The numbers of migrants caught decreased to low levels by 4:00 am.

Meyer, J.H., T.A. Pearce, and R.S. Boomer. 1981.  An examination of the food XE "food"  habits of juvenile chum XE "chum salmon"  and chinook salmon XE "chinook salmon"  in Hylebos Waterway.  Unpublished report, U.S. Fish and Wildlife Service, Fisheries Assistance Office, Olympia, Washington.  12p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Commencement Bay XE "Commencement Bay" , Washington.

Juvenile salmon were sampled by beach seine (18 x 2 m) at three Commencement Bay XE "Commencement Bay"  and three Hylebos Waterway stations (only two shown on figure) from mid-May to September 1979.  Chum salmon were present XE "timing"  from mid-May through June.  Chum were found primarily in the waterway in early May and at the bay locations in late May and thereafter.  Chinook were present in the waterway from mid-May through June and at the bay stations from late May into early August.

Chum fry consumed primarily epibenthic invertebrates, primarily harpacticoids, with some gammarid and calanoid copepods, and chironomids.  Chinook fry fed XE "food"  primarily (by weight) on crab larvae, as well as gammarids, copepods and harpacticoids. 

Meyer, J.H., T.A. Pearce, and S.B. Patlan. 1980.  Distribution and food XE "food"  habits of juvenile salmonids in the Duwamish Estuary, Washington, 1980.  Unpublished report, U.S. Fish and Wildlife Service, Fisheries Assistance Office, Olympia, Washington.  42p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon"  

Duwamish R. XE "Duwamish River" , Washington.

Young salmon were collected by beach seine (31 x 3 m) and purse seine at two locations, within a highly modified estuary, from early April through July.  Chum were present XE "timing"  in low numbers in early April and increased to peaks in late April and early May.  Chinook increased from late April to a peak in early May, with low numbers by mid-June.  Coho occurred briefly in early May and early June.  Coho were only present from the second week in April to the first week in June.  Chinook and coho XE "coho salmon"  were collected both in shoreline and deep XE "depth distribution"  water areas, while chum XE "chum salmon"  tended to be caught only in shallow shoreline areas.  

In April chinook XE "chinook salmon"  mean lengths were about 70 mm XE "size"  and did not increase to over 80 mm until early June. By July they averaged 90 mm or larger.  Chinook collected by purse seine were slightly smaller than those collected by beach seine.   Chum fry were less than 40 mm in April and steadily increased from 45 mm in early May to 85 mm in late June.  Coho tended to increase from about 120 mm to about 135 mm during late April to early June.

Chinook prey XE "food"  by weight were gammarid amphipods (Corophium salmonis, C. spinicorne, Eogammarus confervicolus), calanoid copepods, and dipterans (chironomids), with smaller quantities of numerous other prey.  More marine prey were eaten  at the downstream station than the upstream location.  Chinook collected by beach seine tended to consume epibenthic prey (especially Corophium salmonis), while purse seine caught chinook XE "chinook salmon"  tended to eat pelagic prey. Coho tended to consume similar prey.  They also preyed on fish, including chum XE "chum salmon" , at the downstream location.  Calanoids tended to be eaten more at dusk, while chironomids were eaten more during the day than at night.

Chum tended to feed XE "food"  on calanoid copepods, chironomids, gammarids, and harpacticoids (by weight).  Chum smaller than 50 mm XE "size"  tended to select the chironomids and harpacticoids, while larger fry selected the amphipods.

A riprap shoreline sampled produced many prey XE "food"  organisms including chironomids.  The authors concluded this was because the riprap included patches of sand and gravel.

Miller, D.R., J.G. Williams, and C.W. Sims.  1983.  Distribution, abundance XE "timing" 

 XE "abundance"  and growth of juvenile salmonids off the coast of Oregon and Washington, summer 1980.  Fisheries Research 2:1-17.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia R. XE "Columbia River" 
Purse seine collections of young salmon were made off the Oregon and Washington coasts in the Columbia River XE "Columbia River"  plume from May through September 1980.  Yearling chinook XE "chinook salmon"  and steelhead were present XE "timing"  in May and early June, and essentially absent in July-August, indicating relatively early migration XE "migration"  out of the Columbia River estuary. These fish were found only within the Columbia River plume, primarily to the north of the Columbia River mouth.  Subyearling chinook and coho XE "coho salmon"  were collected throughout the sampling period, and through out the entire sampling area.

Miller, J.A.  1993.  Juvenile chinook XE "chinook salmon"  (Oncorhynchus tshawytscha) and coho XE "coho salmon"  (O. kisutch) salmon in natural and created XE "restoration"  estuarine XE "distribution"  habitats: foraging and daily growth.  Thesis, University of Washington, Seattle, Washington.  ??p.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Chehalis River, Washington.

This Thesis presents more detailed information on the use of constructed XE "restoration"  estuarine XE "distribution"  habitat presented in Miller and Simenstad, 1997.

Miller, J.A., and C.A. Simenstad.  1997.  A comparative assessment of a natural and created XE "restoration"  estuarine XE "distribution"  slough as rearing habitat for juvenile chinook XE "chinook salmon"  and coho salmon XE "coho salmon" .  Estuaries 20:792-806.

chinook XE "chinook salmon" , coho XE "coho salmon" 
Chehalis River, Washington.

A tidal slough was constructed XE "restoration"  by the US Army Corps of Engineers in 1990 in a tidally influenced portion of the Chehalis River.  A 1.6-acre shallow subtidal channel habitat, with unvegetated mudflat and fringing marsh, was constructed from shrub-scrub wetland to compensate for dredging a channel.

The constructed XE "restoration"  slough is 500 yd downstream from a natural slough.  Monitoring of juvenile salmon use of this constructed habitat was conducted during the first and second year following construction.  Carex lyngbyei was transplanted  in 1991 and developed cover of 45% of the available tideflat within 18 months.

Juvenile salmon were sampled in the spring of 1991 and 1992 from both the constructed XE "restoration"  and the natural estuarine XE "distribution"  sloughs along the tidally influenced portion of the Chehalis River.  “No significant differences in the number or width of coho XE "coho salmon"  daily otolith increments were detected between the sloughs.  Juvenile chinook XE "chinook salmon"  residence XE "timing"  and emigration times were also comparable.”  Residence times ranged from one to seven days, with 88% emigrating within 48 hr.  All fish exited during the lower low tide.

Juvenile chinook XE "chinook salmon"  and coho XE "coho salmon"  consumed insects (chironomids, homopterans, coleopterans), gammarid amphipods, and mysids (Neomysis mercedis). “Overall, taxonomic composition of stomach contents XE "food"  from juvenile chinook and coho salmon in the natural and created XE "restoration"  sloughs were similar.” However, significantly lower stomach fullness indices were detected for both species in the constructed habitat.

“By most criteria, these data indicate that the constructed XE "restoration"  estuarine XE "distribution"  slough on the Chehalis River provided rearing habitat for migrating juvenile salmon comparable to the adjacent natural slough.”  

Miyamoto, J., T. Deming, and D. Thayer.  1980.  Estuarine residency and habitat XE "restoration"  utilization by juvenile anadromous salmonids within Commencement Bay XE "Commencement Bay" , Tacoma, WA.  Puyallup Tribal Fisheries Division, Technical Report no. 80-1, Puyallup, Washington. 27 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Commencement Bay XE "Commencement Bay" , Washington.

Juvenile salmon were collected at 50 sites within Commencement Bay XE "Commencement Bay"  by either beach seine (1.8 x 30.6 m of 6.4 mm XE "size"  mesh) or by round-haul seine (5.7 x 4.5 m of 6.4 mm mesh).  Seine sampling was conducted from February through September.  Juvenile salmon were absent in late February, with small numbers of pink fry appearing in mid-March.  Substantial numbers of pink fry were present XE "timing"  by late March and peaked in late April.  A few pink fry remained through mid-June.  Chum fry were first collected in late March, and peaked in mid-May, but were never abundant.  Chum were last collected in mid-June.  Juvenile chinook XE "chinook salmon"  were absent until late April.  A sharp peak in chinook numbers occurred in late May-early June, with substantial numbers into early July.  No chinook were collected after mid-July.  Coho were absent until late April, peaked sharply in mid-May and were absent by early June.

The mean lengths of pink fry were in the range of 32 to 40 mm XE "size"  through early May.  They rapidly increased in early May to 52 mm and were variable in the range of 46 to71 mm by late May for the small numbers of fish collected.  In early June the mean length XE "growth rate"  increased to as great as 60-79 mm.   Mean lengths of chum XE "chum salmon"  were variable in the range of 38-61 mm for the small numbers of chum present XE "timing"  in late March to early May.  At the peak abundance XE "abundance"  in mid-May mean lengths were in the range of 42-48 mm.  From late May into June chum had mean lengths in the range of 53-73 mm.  Chinook collected were fry generally with mean lengths of 60-70 mm, increasing to 70-80 mm in June.  Coho were smolts XE "smolt"  in the range of 106-145 mm.

Stomach contents were examined for a small number of pink and one chum XE "chum salmon" .  Harpacticoid copepods were the numerically abundant prey XE "food"  group.  Other prey were primarily copepods and gammarid amphipods.

Other fish species collected with the juvenile salmon included Pacific herring, surf smelt, English sole, sand sole, other flat fishes, surfperch, rockfishes, and codfishes.  Large numbers of larval and juvenile flatfish and sculpins were collected. 

Moore, D.D., B.P. Snyder, and E.O. Salo.  1977.  Indian Island salmonid outmigration XE "migration"  monitoring study.  Unpublished Report, Fisheries Research Institute, University of Washington, FRI-UW-7734.  37 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Indian Island, Puget Sound XE "Puget Sound" , Washington

Juvenile salmon were collected at several beaches along the west side of Indian Island just outside Hood canal.  A 37-m long beach seine and a 10-m seine were employed from late January through July.  Additional offshore samples were collected from April on with a tow net (3 x 6 m opening) towed at 0.9 m/sec.  

Chum fry showing yolk sac slits were present XE "timing"  in late January, apparently from local streams.  The majority of chum XE "chum salmon"  fry were present along the beaches from February through June, with peaks in mid-March and early May.  Offshore chum were present from late February through July with peaks in mid-March and early July.  Chum were more abundant at the more protected beaches of the southern end of Indian Is. than the northern beaches that have stronger currents.  Marked chum released at Hood Canal XE "Hood Canal"  locations were recovered at Indian Is. beaches 8-16 days following release.  Migration rates were calculated to be 3-6 km/day.

Chinook were observed primarily offshore, and only in June and July in the Indian Is. area.  Coho were present XE "timing"  offshore in early April and along the beaches from late May to late July.

Moser, M.L., A.F. Olson, and T.P. Quinn.  1991.  Riverine and estuarine XE "distribution"  migratory behavior of coho salmon XE "coho salmon"  (Oncorhynchus kisutch) smolts XE "smolt" .  Canadian Journal of Fisheries and Aquatic Sciences 48:1670-1678.

coho XE "coho salmon" 
Chehalis River, Washington.

Coho smolts XE "smolt"  were radio tagged to track their behavior as they migrated through the Chehalis R. estuary into Grays Harbor.  Despite dramatic differences in the two parts of this ecosystem the fish behaved similarly throughout their migration XE "migration" .  Wild smolts were collected from a weir in a tributary, tagged and tracked throughout the peak XE "timing"  of the migration (April-June).  

Smolts moved in the direction of the current XE "behavior"  in both the river and the lower estuary in spite of differences in turbidity XE "turbidity" , water depth XE "depth distribution" , salinity, and flow.  Smolts moved rapidly downstream in the river, but back and forth with the lower estuaries reversing tidal currents.  However, downstream movement XE "migration"  of the coho XE "coho salmon"  was interspersed with extended periods of holding in regions of low water velocity.  Smolts held at a junction of two major channels having many large docks and numerous pilings, where currents were complicated by eddies and regions of slack water.  Holding behavior slowed their migration below that of the water currents.

Coho exhibited strong positive rheotaxis in swift currents, but moved with and against weak currents. In moderate currents their swimming speed was close to theoretical optima.  Residence time in the estuary was prolonged by vigorous swimming against outgoing currents and holding for prolonged periods.  (see also Quinn 1988)

Murphy, L.M., J. Heifetz, J.F. Thedinga, S.W. Johnson, and K V. Koski.  1989.  Habitat utilization by juvenile Pacific salmon (Oncorhynchus) in the glacial Taku River XE "Taku River" , Southeast Alaska.  Canadian Journal of Fisheries and Aquatic Sciences 46:1677-1685.

chinook XE "chinook salmon" , coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Taku R. XE "Taku River" , Alaska.

Collections of rearing fish were made at 49 locations in the lower Taku River XE "Taku River" , extending from the estuary to 28 km upstream to identify habitat XE "restoration"  types used by the young salmon.  A beach seine (15.2 x 2 m) was used to sample between early July and mid-September 1986. Although this study included the upper end of the estuary, all stations but one station were in freshwater rearing areas. Most salmon collected were chinook XE "chinook salmon" , coho XE "coho salmon"  and sockeye XE "sockeye salmon" , with a few chum XE "chum salmon" , steelhead and cutthroat XE "cutthroat trout" .  Nearly all sockeye and chinook, as well as most coho collected in the river channel, were age-0 fish.

Coho and sockeye XE "sockeye salmon"  were found in slower water than the chinook XE "chinook salmon" .  Coho and sockeye densities were highest in velocities of 10 cm/sec or less, while chinook preferred velocities of 1-20 cm/sec.

Murphy, M.L.,  J.F. Thedinga, and K V. Koski.  1988.  Size and diet XE "food"  of juvenile Pacific salmon during seaward migration XE "migration"  through a small estuary in southeastern Alaska.  Fisheries Bulletin 86:213-222.

chum XE "chum salmon" , pink, coho XE "coho salmon" 
Porcupine Kr, Baranoff Is., Southeastern Alaska.

Juvenile salmon were sampled by beach seine (2 x 37 m) at six stations from mid-May through early July.  In May pink fry were about 32 mm XE "size" , the length XE "growth rate"  of newly emerged fry.  They grew at 1.5 mm/day to about 73 mm by mid-June in 1979, but were 73 mm in late May and early June in 1981.  Chum fry were initially 39 mm in 1979, increasing to 51 mm.  In 1981 were from 60 to 78 mm, averaging about 10 mm longer than in 1979.  Coho were relatively constant in size, averaging 85 to 110 mm in May and early June.  Coho increased about 1.6 mm/day to about 165 mm by late July.  The increases in size based on fork length measurements may underestimate growth due to emigration of larger fish.

Pink fry consumed mostly larval mollusks (Mesogastropoda) and larval fish (Gadidae) in May, and calanoid copepods in June.  Chum also ate XE "food"  larval mollusks in May, adding larvaceans and cladocerans in June, and mostly hyperiid amphipods and larval decopod in July.  Coho ate mostly fish (herring and cod) and insects in June and July.

Myers, K.W.  1978.  Comparative analysis of stomach contents XE "food"  of cultured and wild juvenile salmonids in Yaquina Bay, Oregon.  Pages 155-162 in Lipovsky, S.J., and J.A. Simenstad, editors. Gutshop '78 Fish food habits studies, Proceedings of the Second Pacific Northwest Technical Workshop.  Washington Sea Grant, University of Washington, Seattle, Washington.

coho XE "coho salmon" 
Yaquina Bay, Oregon.

Hatchery XE "hatchery"  and wild coho XE "coho salmon"  were sampled from the estuary by beach seine (100 x 3 m) at four beach sites and two channel sites by lampara (221-m long) from mid-April through May.  Hatchery coho released into the estuary on April 6 had left the estuary May 13.  Wild coho peaked XE "timing"  in the upper estuary on April 29 and the lower estuary on May 13.  

Both hatchery XE "hatchery"  and wild coho XE "coho salmon"  collected at the beach sites consumed juvenile fish, primarily anchovy (Engraulis mordax), surf smelt (Hypomesus pretiosus), and sand lance (Ammodytes hexapterus).  Hatchery coho from the channel sites consumed crustaceans, primarily crangonid shrimp and Dungeness crab larvae, while wild coho consumed juvenile surf smelt almost exclusively.  High similarity of prey XE "food"  items consumed by hatchery and wild coho occurred XE "timing"  in the estuary, but varied over time, space, and habitat XE "restoration" .

Myers, K.W., and H.F. Horton.  1982.  Temporal use of an Oregon estuary by hatchery XE "hatchery"  and wild juvenile salmon.  Pages 155-162 in  Kennedy, V.S. edit.  Estuarine comparisons.  Academic Press, New York.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Yaquina Bay, Oregon.

Zero-age wild chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , and hatchery XE "hatchery"  coho were collected in the estuary by beach seine (100 x 3 m) at four sites, and lampara (222 x 18 m) at two channel sites.  Collections were made from July 1977 through December 1978.  Wild coho appeared to use the estuary briefly as a staging area, while chum and chinook used the estuary at different times as a rearing area.  There was little overlap in the timing of the three species.

Wild chinook XE "chinook salmon"  appeared in June at the time the coho XE "coho salmon"  were leaving the estuary, and remained in relatively small numbers  through the fall.  During this time their average size XE "size"  increased from about 70 mm to about 180 mm.  Smaller chinook (60-140 mm) tended to be found in the upper estuary and larger chinook (80-180 mm) in the lower estuary.

Most wild chum XE "chum salmon"  were collected between mid-March through mid-April, prior to the peak XE "timing"  of coho XE "coho salmon" . During this period the chum increased from about 40 mm XE "size"  to nearly 50 mm.

Wild coho XE "coho salmon"  first appeared in late April and were essentially gone by early June.  During this period the fish present XE "timing"  decreased in size XE "size"  indicating rapid migration XE "migration"  with larger emigrants replaced by smaller immigrants.  Early in this period yearling coho were about 130 mm, decreasing to about 120 mm by late May.

Naiman, R.J., and J.R. Sibert.  1979.  Detritus and juvenile salmon production XE "production"  in the Nanaimo Estuary: III. Importance of detrital carbon to the estuarine XE "distribution"  ecosystem.  Journal of the Fisheries Research Board of Canada 36:504-520.

chum XE "chum salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

This report identifies the sources of detritus that support the harpacticoids that are consumed by chum XE "chum salmon"  fry.  Organic carbon from the Nanaimo River XE "Nanaimo River"  exceeds all other sources. The river is the largest source of detritus to the estuary even if only 10% is used in the estuary.  Plankton and epibenthic algae provide the next largest source and provide input during the spring and early summer when epibenthic harpacticoid production XE "production"  is most useful to young salmon.  Eelgrass, macroalgae, and marsh vegetation provide additional sources of organic carbon to the estuary.

Neave, F.  1955.  Notes on the seaward migration XE "migration"  of pink and chum salmon XE "chum salmon"  fry.  Journal of the Fisheries Research Board of Canada 12:369-374.

chum XE "chum salmon" , pink

Streams on various islands, British Columbia.

Seaward migration XE "migration"  of pink fry takes place at night.  The fry avoid strong light XE "behavior"  and swim with the current (negative rheotaxis).  Movement is mainly at or close to the surface.  On reaching tidal-influenced slack water, the fry swam slowly in a random manner and distributed more uniformly from top to bottom.  These observations were primarily made on pink salmon XE "pink salmon"  with some observations of chum XE "chum salmon"  included.

Neilson, J.D., and G.H. Geen.  1986.  First-year growth of Sixes River XE "Sixes River"  chinook salmon XE "chinook salmon"  as inferred from otoliths: effects on mortality XE "survival"  and age at maturity.  Transactions of the American Fisheries Society 115:28-33.

chinook XE "chinook salmon" 
Sixes R. XE "Sixes River" , Oregon.

Comparison of otolith characteristics of young fish and returning adults provides indications on the growth and survival of fish in the estuary.  Smaller fish apparently incurred a greater mortality XE "survival"  rate than larger fish during late estuarine XE "distribution"  or early ocean rearing.  

Obrebeski, S., and J. Sibert. 1976.  Diet overlaps of competing predators XE "survival" 

 XE "predators"  in the Nanaimo River XE "Nanaimo River"  estuary.  Pages139-146 in Simenstad, C.A., and S.J. Lipovsky (editors) Fish Food Habitats Studies, Proceedings of 1st Pacific Northwest Technical Workshop, Washington Sea Grant, University of Washington, Seattle, Washington.

chinook XE "chinook salmon" , coho XE "coho salmon" , chum XE "chum salmon" 
Nanaimo R, Vancouver Is. BC

Juvenile chum XE "chum salmon"  and threespine stickleback were found to frequently prey XE "food"  on the same species in intertidal and shallow subtidal areas.  However, variations within the prey eaten by each species, collected from different localities, suggests that rapid and extensive changes in feeding behavior occur XE "timing"  over short time periods.  Chum appeared to concentrate on fewer food items to get most of their food.  The authors speculated they were observing short-term responses to changes in prey density over short distances and short periods of time by switching to more abundant prey.

Okada, S., and A. Taniguchi.  1971.  Size relationships between salmon juveniles in shore waters and their prey XE "food"  animals.  Hokkaido Daigaku Sapporo Suisangakuba Hokodate, Bulletin 22:30-36.

chum XE "chum salmon" , pink

Shore waters of Hokkaido, Japan.

Fry were collected by trap nets in 20 and 60 m deep XE "depth distribution"  water during late May and June 1970.  Fry fork lengths averaged 42-79 mm XE "size" .  Both species fed XE "food"  on a wide variety of copepods and amphipods, as well as Euphausia pacifica.  Various decopod larvae and insects were also common.  Fish larvae, probably pricklebacks, were also a frequent prey item.

Fry less than about 55 mm XE "size"  fed XE "food"  on only smaller prey (<1.3 mm).  Fry greater than 55 mm consumed a wide range of prey sizes.

Orrell, R.F., and R.C. Johnson.  1975.  Fish gap study, Swinomish Channel jetty, 1974.  Report to U.S. Army Corps of Engineers, by Washington Department of Fisheries, Olympia, Washington.  23p.

chum XE "chum salmon" , pink

Skagit R. XE "Skagit River" , Washington.

Visual observations and some dip net sampling were conducted on the north edge of the Skagit delta in to identify passage of migrants through gaps in jetties XE "marinas"  separating the delta from the Swinomish Channel.  Fry were observed passing within 3-9 ft of the beach in water depths of 1-3 ft.  Along the jetty, fry were migrating in water 1-8 ft deep XE "depth distribution" .  Most fry were passing through a gap (300 ft wide) at the island shoreline.  A smaller gap (30 ft wide) about 1,000 ft from the island shoreline also passed fry.  No fry were observed passing the end of the jetty, indicating all fry were passing through the two gaps.

The peak XE "timing"  of migration XE "migration"  in this area has been May 5-15 based on surveys over several years.

Parametrix, Inc.  1980.  Fishery investigations for the proposed Harbour Pointe property Possession Sound, Washington.  Pages G-2 to G-65 in Harbour Pointe Marina XE "marinas"  Final Environmental Impact Statement, Snohomish County Planning and Community Development Division.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , steelhead

Puget Sound XE "Puget Sound"  shoreline

Beach seine sampling for young salmon was conducted from mid-April through June at three sites between Edmonds and Muckeltio on the eastern shoreline of Puget Sound XE "Puget Sound" .  Sampling locations were gently sloping sandy beaches with a railroad embankment at the higher intertidal elevations (>+6 ft MLLW).  Small numbers of chum XE "chum salmon"  were present XE "timing"  when sampling began.  Substantial numbers of chum were present from early May through early June.  Small numbers of chinook XE "chinook salmon"  and coho XE "coho salmon"  were present in May and early June.  A number of other species of nearshore fishes were collected in the beach seines, however none appeared to be predators XE "survival" 

 XE "predators"  of young salmon. 

Juvenile chum XE "chum salmon"  had mean fork lengths of 40-45 mm XE "size"  in April and early May.  Chum size gradually increased from 50 mm to 60 mm during May and reached 65 mm by mid-June.  Chinook ranged from 48mm to 140 mm, and coho XE "coho salmon"  from 84 mm to 171 mm.

Parametrix, Inc.  1984.  1983 Duwamish Waterway and Elliott Bay XE "Elliott Bay"  (Terminal 91) juvenile salmonid monitoring.  Report to Port of Seattle, Seattle, Washington.  18p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Duwamish R. XE "Duwamish River" , Washington

Juvenile salmon were sampled within the estuarine XE "distribution"  areas of the Port of Seattle from the upstream end of the estuary to the downstream portions of Elliott Bay XE "Elliott Bay" , by beach seine (30 x 3 m) and purse seine (38 x 4.6 m).  Collections were made at eight beach sites on various substrates and slopes, from late March through mid-May, 1983.  Nine purse seine sites along pier aprons were sampled.  

Chum fry were present XE "timing"  in late March shortly after sampling began.  Several peaks in their abundance XE "abundance"  were seen, one in early May, and one in mid-May.  Few chum XE "chum salmon"  were caught by purse seine until late May when the numbers in beach seine catches were declining.  Only a few chinook XE "chinook salmon"  were caught through mid-May.  In late May and June, chinook were found in moderate numbers at Duwamish stations.  Only in mid-June were many chinook caught at Elliott Bay XE "Elliott Bay"  stations.  Coho were also taken in moderate numbers in late May and June at the Duwamish stations, but seldom at any Elliott Bay location.

Chum fry were in the range of 40-45 mm XE "size"  (mean length XE "growth rate" ) through mid-April, in the beach seine catches.  Apparently little growth occurred XE "timing"  during this period, or more likely the larger fish left the area and were replaced by smaller fish.  From late April through mid-May, when chum XE "chum salmon"  became scarce, their mean length increased from 45 to about 58 mm.  Chum fry caught by purse seine were substantially larger than those taken by beach seine.  In mid-May these chum were about 52 mm and steadily increased to more than 75 mm by mid-May.  This difference provides an indication that the larger chum were continuously migrating out of the area.

Parametrix, Inc.  1985.  Juvenile salmonid stomach content study, Everett Harbor, 1984.  Report by Parametrix, Inc. to U.S. Navy, Naval Facilities Engineering Command, San Bruno, California.  27p + Appendices.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink

Snohomish R. XE "Snohomish River" , Washington.

Juvenile salmon were collected in the Port of Everett at the mouth of the Snohomish River XE "Snohomish River" , along various shoreline types by beach and purse seine, in 1984 between early April and mid-May.  Chum caught by beach seine consumed primarily epibenthic gammarids, diptera, harpacticoids, and cumacea by weight.  Chum caught by purse seine ate XE "food"  larvacea, gammarids, diptera, euphausids, and calanoids.  Pink fry (30-50 mm XE "size" ) caught by beach seine consumed the same prey but at different ratios.  Gammarids were the dominant prey (by weight), followed by harpacticoids, calanoids, and cumacea.  Pink fry in purse seine collections consumed cyclopoids and gammarids in about equal proportions, followed by calanoids, diptera, and euphausids.

Chinook (50-100 mm XE "size" ) from beach seine catches had eaten XE "food"  fish larvae and gammarids in nearly equal quantities with lesser amounts of insects and cumacea.  Chinook taken by purse seine ate predominantly fish larvae, followed by barnacle larvae, crab larvae, insects, and gammarids.  The small number of coho XE "coho salmon"  collected had consumed primarily fish larvae, along with some gammarids.

Parker, R.R.  1968.  Marine mortality XE "survival"  schedules of pink salmon XE "pink salmon"  of the Bella Coola River XE "Bella Coola River" , central British Columbia.  Journal of the Fisheries Research Board of Canada 25:757-794.

pink 

Bella Coola R. XE "Bella Coola River" , British Columbia.

Mortality of pink fry during early estuarine XE "distribution" /marine life was estimated by a two-stage marking process.  The natural mortality XE "survival"  rate was 2-4% per day during first 40 days of inshore marine life.  The mortality decreased to 0.4-0.8% per day during next 410 days of ocean life.

Parker, R.R.  1971.  Size selective predation XE "survival"  among juvenile salmonid fishes in a British Columbia inlet.  Journal of the Fisheries Research Board of Canada 28:1503-1510.

pink 

Bella Coola R. XE "Bella Coola River" , British Columbia

During 1961-63 an estimated 32-61 million fry entered the estuary.  Mortality due to predation XE "survival"  by coho XE "coho salmon"  was estimated to be 55-77% (Parker 1968).  Coho predation is selective for smaller individuals, causing an apparent growth rate XE "growth rate"  of 0.3-0.5% per day.  High innate growth rate of 1.4% per day allows pinks to outgrow coho (0.7% per day.  Chum have an advantage over pinks through earlier entry into estuary and larger initial size XE "size" .

Parker, R.R., and W.E. Vanstone.  1966.  Changes in chemical composition of central British Columbia pink salmon XE "pink salmon"  during early sea life.  Journal of the Fisheries Research Board of Canada 2:1353-1384.

pink

Bella Coola R. XE "Bella Coola River" , British Columbia

Pink fry enter the estuary from March through early May, with the majority present XE "timing"  during the latter half of April.  The fish move through the fjord like estuary of Burke Channel to Ditz Hugh Sound in late May.  By mid-June few remain within the enclosed coastal waters.  Sampling of juvenile pink salmon XE "pink salmon"  was conducted during their eight-week migration XE "migration"  through these estuarine XE "distribution"  and enclosed coastal waters.  Sampled fish were analyzed for lipid, protein and water content.

Fat content increased until fish reached 75 mm XE "size"  in length XE "growth rate" , and remained constant thereafter.  At the beginning of their migratory stage near the end of May the fish shifted from a high lipid content to low lipid content, independent of food XE "food"  ingested.  Severe starvation resulted in loss of lipid and moisture content.  Less severe reduction in food caused loss of lipid, but body weight was maintained by uptake of water.

Pearce, T.A., J.H. Meyer, and R.S. Boomer.  1982.  Distribution and food XE "food"  habits of juvenile salmon in the Nisqually Estuary, Washington, 1979-1980.  Unpublished report, U.S. Fish and Wildlife Service, Olympia, Washington.  77p.

chum XE "chum salmon" , chinook XE "chinook salmon" , coho XE "coho salmon" 
Nisqually R. XE "Nisqually River" , Washington.

Young salmon were collected primarily by beach seine (18 x 2 m or 31 x 3 m), with fyke nets and a purse seine used at times.  Chum were present XE "timing"  when sampling began in April and increased to peak abundance XE "abundance"  in May through mid-June.  Chinook fry appeared in mid-May and were present in the delta through late summer.  The timing of young salmon was highly influenced by hatchery XE "hatchery"  releases.  Coho were only present for brief periods from late April through late June.

Mean sizes of chum XE "chum salmon"  present XE "timing"  remained constant at about 40-45 mm XE "size"  from mid-April through mid-May.  After mid-May the length XE "growth rate"  of chum increased rapidly to about 90 mm by late June.  Chinook varied in size over time (75-90 mm) with no apparent pattern, possibly due to the influence of hatchery XE "hatchery"  releases.  

Food consumed by chum XE "chum salmon"  fry varied with size XE "size"  and time.  The smaller chum (<40 mm) early in the spring consumed primarily epibenthic harpacticoids.  Larger chum in May shifted to pelagic prey XE "food"  including copepods (Corycaeus sp.), calanoid copepods, crab zoea, cumaceans (Cumella sp.), and Neomysis mercedis.  Chum greater than 70 mm ate primarily pelagic prey.  The food type preferred also varied with the area from which the fish were collected.  Chum from one saltmarsh front station, and the beach adjacent to the delta, consumed primarily the pelagic prey, while chum from the creek and slough stations consumed primarily harpacticoids.  

Chinook consumed primarily dipteran flies, mysids, and gammarid amphipods.  The crustaceans became predominant food XE "food"  sources in the larger chinook XE "chinook salmon" .  Coho fed primarily on sand lance.  No salmonids were found in coho XE "coho salmon"  stomachs examined.

Pearsons, T.N., and A.L. Fritts.  1999.  Maximum size XE "size"  of chinook salmon XE "chinook salmon"  consumed by juvenile coho salmon XE "coho salmon" .  North American Journal of Fisheries  Management 19:165-170.

chinook XE "chinook salmon" , coho XE "coho salmon" 
laboratory

Coho salmon of 129-171 mm XE "size"  consumed fall chinook salmon XE "chinook salmon"  of up to 40-47% of their length XE "growth rate"  in fiberglass troughs and outdoor enclosures.  The authors suggest stocking coho XE "coho salmon"  at times when fall chinook have reached a size refuge can reduce predation XE "survival"  of coho on chinook fry.

Pearcy, W.G., D. Wilson, A.W. Chung, and J.W. Chapman.  1989.  Residence times, distribution XE "distribution" , and production XE "production"  of juvenile chum salmon XE "chum salmon" , Oncorhynchus keta, in Netarts Bay XE "Netarts Bay" , Oregon.  Fishery Bulletin, U.S. 87:553-568.

chum XE "chum salmon" 
Netarts Bay XE "Netarts Bay" , Oregon.

Juvenile chum XE "chum salmon"  were present XE "timing"  in the estuary from mid-March until June in 1984, 1985, and 1986.  In early spring they were most abundant in the upper estuary, and later in the spring primarily in the lower bay.  Residence time in the estuary varied with size XE "size"  at release, with smaller fish rearing longer than larger fish.  However, larger fish apparently survived better than smaller fish (3-4 times greater).  Smaller chum resided in the estuary 5-16 days, while larger fish migrated to the ocean immediately.  Growth rates of chum rearing in the estuary were 1.6-2.3% per day, considerably lower than those measured by Healy 1979, 1982 (6% per day).

Pentilla, D., and M. Aquero.  1978.  Fish usage of Birch Bay Village Marina XE "marinas" , Whatcom County, Washington, in 1976.  Washington Department of Fisheries, Progress Report No. 39.  32 p.

Chinook, chum XE "chum salmon" , coho XE "coho salmon" , pink, sockeye XE "sockeye salmon" 
Puget Sound XE "Puget Sound"  shoreline

The author’s monthly collected young salmon within a small marina XE "marinas"  (8 acres) connected to northern Puget Sound XE "Puget Sound"  by a long narrow channel (100 x 600 ft).  Juvenile chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink and sockeye salmon XE "sockeye salmon"  were all found in the Birch Bay Marina along with young herring, surf smelt, and anchovy.  Most young salmon (up to estimated 67,000) were present XE "timing"  in May and June, with some sockeye remaining through September.  

Prinslow, T.E., C.J. Whitmus, J.J. Dawson, N.J. Bax, B.P. Snyder, and E.O. Salo.  1979.  Effects of wharf lighting on outmigrating salmon, 1979.  Report to U.S. Navy by Fisheries Research Institute, University of Washington, Seattle, Washington.  137p.

chum XE "chum salmon" 
Hood Canal XE "Hood Canal" , Washington.

Lighting was tested on the pier at the Bangor submarine base on northern Hood Canal XE "Hood Canal"  to determine if different lighting levels influenced the distribution XE "distribution"  of young salmon in the lighted area.  Chum fry migrate along this shoreline in substantial numbers.  Light levels of 2-13 lux (0.1-1 ft-c), 200 lux (19 ft-c), and 400 lux (37 ft-c) at the water surface were compared by sampling with a purse seine, tow net, beach seine, and visual observation.

Light intensities of 200-400 lux appeared to attract chum XE "chum salmon"  fry.  Hydroacoustic and visual monitoring indicated chum were aggregated in the lighted area, but not captured by net sampling.  Irrespective of lighting chum catch at the pier exceeded catch from adjacent shoreline areas.  The authors concluded the attraction to the lighted areas was an attraction to available food XE "food" .  Mark recapture of chum indicated the lights did not affect the residence XE "timing"  time XE "residence time"  of the fish.

Quinn, T.P.  1988.  Migratory behavior of Pacific salmon in estuaries: recent results with ultrasonic telemetry.  Pages 13-25 in Simenstad C.A. ed.  Effects of dredging on anadromous Pacific coast fishes, Washington Sea Grant Program, University of Washington, Seattle Washington

coho XE "coho salmon" 
Chehalis R., Grays Harbor, WA

Movements of juvenile coho XE "coho salmon"  were studied in the Chehalis River estuary during two spring migration XE "migration"  periods using ultrasonic transmitters inserted into the stomachs of captured migrants.  Tagged fish were tracked by a boat mounted directional hydrophone for 12 hr following release.  Fifteen smolts XE "smolt"  were tracked showing the fish generally moved in or near mid-channel following release.  Although the smolts moved downstream, they swam into the currents commonly holding in low velocity areas beginning about six hours following release.  Smolts average speed against ebb currents (64 cm/s) was 34.4 cm/s, and against flood currents (26 cm/s) was 10.8 cm/s.  The smolts were determined to generally migrate out of the estuary in 1-4 days following release, although several fish were detected for 6-12 days. (This is the same investigation presented by Moser et al. 1991.)

Monitoring of salinity at depths of 1-9 m at three locations during high and low tides showed salinity to be highly variable with both depth XE "depth distribution"  and tide stage, particularly at middle and upper estuary locations.  The paper also presents information on behavior and swimming speeds of adult  sockeye XE "sockeye salmon" , chinook XE "chinook salmon"  and steelhead.

Ratte, L.D.  1985.  Under-pier ecology of juvenile Pacific salmon (Oncorhynchus spp.) in Commencement Bay XE "Commencement Bay" , Washington.  Thesis, University of Washington, Seattle, Washington.  182p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink

Commencement Bay XE "Commencement Bay" , Washington.

Naturally migrating young salmon were collected by traps and trammel nets under a pier in the Port of Tacoma, adjacent to the mouth of the Puyallup River XE "Puyallup River" , in 1984 and 1985.  Artificial lighting was installed under the pier to determine if use of this habitat XE "restoration"  by young salmon could be increased.

Chum were present XE "timing"  from early April through late June, both chinook XE "chinook salmon"  and coho XE "coho salmon"  from early May through late June with a sharp peak in early June.  In 1984 pink fry were present from early April through early May with several peaks.

Chinook, chum XE "chum salmon" , coho XE "coho salmon"  and pink fry all used the habitat XE "restoration"  under the pier on Blair Waterway.  Artificial lighting under the pier did not appear to increase use of the area; catches in the traps were generally greater with the lights off than on.  Significantly more chum and pink salmon XE "pink salmon"  were caught under the pier during the day than at night.

The presence XE "timing"  of ships moored at the pier appeared to reduce the number of chum XE "chum salmon" .  However, the numbers of chinook XE "chinook salmon"  and coho XE "coho salmon"  caught with and without ships present were not significantly different.

Trammel nets set under the pier and in an open area showed low total number of potential predators XE "survival" 

 XE "predators"  in the waterway.  Potential predators, other large salmonids, were lower in the under-pier habitat XE "restoration" .  None of the potential predators contained any prey XE "food"  that could be identified as a salmonid. 

Reimers, P.E.  1968.  Social behavior among juvenile fall chinook salmon XE "chinook salmon" .  Journal of the Fisheries Research Board of Canada 25:2005-2008.

chinook XE "chinook salmon" 
Elk and Sixes River XE "Sixes River" s, Oregon.

In the estuary solitary fry were rarely observed; aggregations contained as many as several hundred fish.  In the intertidal area fry held stations and showed agonistic behavior during ebb tide, but rose off the bottom, aggregated, and fed XE "food"  as the tide flooded and the current XE "behavior"  slowed.

Reimers, P.E.  1973.  The length XE "size" 

 XE "growth rate"  of residence XE "timing"  of juvenile fall chinook salmon XE "chinook salmon"  in Sixes River XE "Sixes River" , Oregon.  Research Reports of the Fish Commission of Oregon, Portland, Oregon.  3-42.

chinook XE "chinook salmon" 
Sixes R. XE "Sixes River" , Oregon.

Fry first entered the upper estuary in early April, and the lower estuary in late April.  Peak numbers of fry were present XE "timing"  in the estuary during June to August, and declined to low numbers by late September. Fry tended to be present throughout the estuary, not just along shorelines XE "distribution" , by early June.

Initially fry were in the range of about 40-50 mm XE "size" .  By late May the mean size increased to over 50 mm. Growth was low during the summer months when maximum numbers of fry were present XE "timing" , as measured both by size of individuals in the general population and recapture of marked fry.  The limited growth was attributed to population density.  Based on the length XE "growth rate"  of residence time XE "residence time"  in fresh water and the estuary, five life histories were identified.

Ryall, R., and C.D. Levings.  1987.  Juvenile salmon utilization of rejuvenated tidal channel XE "distribution" s in the Squamish Estuary, British Columbia.  Canadian Manuscript Report of Fisheries and Aquatic Sciences 1904. 23p.

chum XE "chum salmon" , coho XE "coho salmon" 
Squamish River XE "Squamish River" , British Columbia.

In 1985 a 600-m long channel was excavated through disrupted estuarine XE "distribution"  habitat XE "restoration"  to reconnect a natural tidal channel previously blocked by dredge fill.  Tidal channels are up to 1,200 m long, narrowing from 12 m wide at their mouth to ½ m wide at terminal branches.  Because the tidal channels undergo dewatering during low tides, the fish need access to sloughs.

Juvenile salmonids using the tidal channel XE "distribution"  and other parts of the estuary were sampled using a beach seine (7 m x 2 m).  Juvenile coho XE "coho salmon"  and chum XE "chum salmon"  used the reconnected habitat XE "restoration"  one year later at rates equal to or greater than the reference habitat.  

Sub-yearling coho XE "coho salmon"  appeared in early July and were present XE "timing"  through  mid August.  During this time they increased from less than 30 mm XE "size"  to more than 55 mm.  Residence times of coho introduced to the restored XE "restoration"  habitat were about 10 days during the middle of the outmigration XE "migration"  and three days late in the migration.  The coho fry fed XE "food"  on primarily on adult insects.
Chum fry appeared in late March and were essentially gone by late April.  During this period they remained between 35 and 40 mm XE "size"  in length XE "growth rate" .  Chum fry numbers and residency estimates were equal to or greater than the reference habitat XE "restoration" .
Sakagawa, G.T.  1972.  The dynamics of juvenile salmon, with particular emphasis on pink salmon XE "pink salmon"  (Oncorhynchus gorbuscha), during their early marine life.  Dissertation, University of Washington, Seattle, Washington.  304p + Appendix.

pink

Washington, British Columbia, and Alaska coast.

Juvenile pink and other salmon were sampled off along the nearshore waters from Puget Sound XE "Puget Sound"  to southeastern Alaska.  Pinks were present XE "timing"  from June through October.  The direction of their movement XE "migration"  appeared to be primarily dependent on tidal currents.  Because the net movement of surface water is seaward, the net movement of the juveniles is likewise outward.  

Sasaki, S.  1966.  Distribution and food XE "food"  habits of king salmon and steelhead rainbow trout in the Sacramento-San Joaquin XE "Sacramento-San Joaquin"  Delta. Pages 108-114, Turner, J.L. and D.W. Kelley compilers.  Ecological studies of the Sacramento-San Joaquin Delta, Part II, California Department of Fish and Game Bulletin 136.

chinook XE "chinook salmon" , steelhead

Sacramento-San Joaquin XE "Sacramento-San Joaquin"  Delta, California.

Chinook fry migrate through the Sacramento-San Joaquin XE "Sacramento-San Joaquin"  Delta primarily in May and June, although they are present XE "timing"  throughout most of the year within the upstream portion of this internal delta.  This timing appears to be later in 1964 than in the past (prior to 1950).  These fish occupy the near-surface depths as they migrate through the delta.  Neomysis awatschensis and Corophium sp. were the primary prey XE "food"  items of fry in the downstream portions of the delta, although insects have also been found to be an important food item in the delta.

The few steelhead collected were taken with a midwater trawl, indicating they were migrating within 10 feet of the surface.  Only 5 of 14 steelhead examined had food XE "food"  in their stomachs, which included insects (adults and larvae and Corophium).

Schreiner, J.U.  1977.  Salmonid outmigration XE "migration"  studies in Hood Canal XE "Hood Canal" , Washington.  Thesis, University of Washington, Seattle Washington.  91p.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Hood Canal XE "Hood Canal" , Washington.

Beach seine (37 x 2.4 m) sampling was conducted at various locations near the Bangor submarine base from late March to late June, 1975, and late January to early July 1976.  Tow net sampling (3-m deep XE "depth distribution"  x 6-m wide) was conducted in May and July 1975, and March to July 1976.  Visual surveys were also conducted during late spring of both years.  

The few chinook XE "chinook salmon"  collected were taken in May to July of each year, with the peak XE "timing"  in late June to early July.  Chum were the most abundant migrants.  A minor peak of wild chum XE "chum salmon"  occurred in March of both years.  The major peak of wild and hatchery XE "hatchery"  chum was present in early to late May 1975, and late May to early June 1976.  Pink fry were only abundant in 1976 with a few present in April and a peak in mid to late May.

From January through early April the chum XE "chum salmon"  fry were about 40 mm XE "size"  long.  By late April they had increased to about 45 mm, and showed a steady increase through July to about 100 mm.  Fish collected offshore by tow net tended to be larger and have a better condition factor XE "growth rate" .  This sampling, which did not begin until April, may have contributed to the apparent growth of chum in these samples.  Several early collections by tow net showed some of the 40 mm fish were offshore.   

Both chum XE "chum salmon"  and pink fry appeared to school at the surface along the shorelines XE "distribution"  during the day, and disperse at night.  Fry predominantly originated on the west side of Hood Canal XE "Hood Canal" , but crossed the canal to be most abundant on the east side of the canal.

Searcy, W.A.  1978.  Foraging success in three age classes of Glaucous-winged gulls.  Auk 95:586-588.

chinook XE "chinook salmon" , coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Chittenden Locks, Seattle, WA

Gulls were observed feeding XE "food"  on small fish in July and August.  Fish were brought to the surface by upwelling caused by emptying and filling of the locks.  These fish were not identified to species but likely contained substantial numbers of young salmon, which are the primary migrants through the locks.  Adult gulls were successful on 69% of their foraging attempts.  Juveniles were slightly less successful at 50%.  The predation XE "survival"  rate was not determined.

Shellbourn, J.E.  1966.  Influence of temperature, salinity, and photoperiod on the aggregations of chum salmon XE "chum salmon"  fry (Oncorhynchus keta).  Journal of the Fisheries Research Board of Canada 23:293-304.

chum XE "chum salmon" 
laboratory

Chum fry held in tanks showed greater tendency to aggregate when held in salt water than in fresh water.  Colder water resulted in greater schooling than warmer water.  Photoperiod did not show an apparent influence on aggregation.

Shreffler, D.K.  1989.  Temporary residence XE "timing"  and foraging by juvenile salmon in a restored XE "restoration"  estuarine XE "distribution"  wetland.  Thesis, University of Washington, Seattle, Washington.  101p.

This is a more extensive presentation of the information provided in Shreffler et al. 1992a.

Shreffler, D.K., C.A. Simenstad, and R.M. Thom.  1992a. Temporary residence XE "timing"  by juvenile salmon in a restored XE "restoration"  estuarine XE "distribution"  wetland.  Canadian Journal of Fisheries and Aquatic Sciences 47::2079-2084.

chum XE "chum salmon" , chinook XE "chinook salmon" 
Puyallup River XE "Puyallup River" , Washington.

Juvenile salmon were collected by fyke net and beach seine from early May to mid-June it 1987 and 1988, within a constructed XE "restoration"  wetland (4 ha) along a channelized river.  The emergent wetland is located within the low salinity (0.4-7.2‰) portion of an estuarine XE "distribution"  system adjacent to the Puyallup River XE "Puyallup River"  channel.  

Prey consumed by both chum XE "chum salmon"  and chinook XE "chinook salmon"  fry were predominantly chironomids in 1987 and 1988 during sampling March through May.  In the adjacent river the fry fed XE "food"  on chironomid adults (neuston), while in the wetland the fry fed on chironomid larvae (epibenthic).  Other substantial prey taxa included stonefly nymphs, dipteran flies, gammarid amphipods (Corophium sp. and Eogammarus confervicolus), and cladocerans (Daphnia sp.).  Although harpacticoids and nematodes were dominant in the epibenthos of the wetland, neither was a substantial prey item.

Marked chinook XE "chinook salmon"  were released from a rearing site and within the wetland to determine residence XE "timing"  time XE "residence time" s.  Migrants and marked fish were collected within the wetland by beach seine, and at the entrance by fyke net.  Marked chinook released into the wetland were recovered within the wetland for 1-43 days following release.  Marked chum XE "chum salmon"  were recovered for 1-9 days following release.  Marked chinook recovered 43 days following release had increased by 16 mm XE "size"  and 2.24 g.  Estimated residence times were 5 days for chinook, and 2 days for chum. 

Shreffler, D.K., C.A. Simenstad, and R.M. Thom.  1992b.  Foraging by juvenile salmon in a restored XE "restoration"  estuarine XE "distribution"  wetland.  Estuaries 15:204-213.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Puyallup R. XE "Puyallup River" , Washington.

Chinook and chum XE "chum salmon"  fry were collected from a constructed XE "restoration"  wetland adjacent to the river channel in a brackish water portion of the estuary.  Both species tended to select chironomids (larvae, pupae, and adults) as prey XE "food"  during their residence XE "timing"  in the wetlands.  Other prey consumed included plecoptera, dipterans, Daphnia, Corophium, Eogammarus confervicolus, and cyclopoids.

Sibert, J.R.  1975.  Residence of juvenile salmonids in the Nanaimo River XE "Nanaimo River"  Estuary.  Environment Canada, Fisheries and Marine Service, Technical Report No. 537.  23 p.

chinook XE "chinook salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is, British Columbia.

Marked chinook XE "chinook salmon"  released into the Nanaimo River XE "Nanaimo River"  in late June were recaptured from the estuary June through July.  Concluded individuals use the estuary area for two weeks.  Young chinook were present XE "timing"  in the estuary for a period of at least 2.5 months.  The population using the estuary was estimated to be 70,000 chinook with up to 40,000 present at one time.

Chinook fry reared from wild parents were marked and released in late June one mile upstream from the estuary.  Chinook were collected from 23 locations in the Nanaimo estuary and adjacent areas.  Most marked fish were recovered from two locations, one on the outer edge of the tideflats, and one in a bay on an island opposite the estuary.  The chinook XE "chinook salmon"  apparently spent little time within the inner estuary.  Marked fish were caught throughout the study period, indicating some fish spent up to two months in the area.

Marked fish grew from 83 mm XE "size"  at release in late June to 152 mm by September.  Wild fish grew from 91 mm to 152 mm during the same period.

Sibert, J.R.  1979.  Detritus and juvenile salmon production XE "production"  on the Nanaimo estuary:  II meiofauna available as food XE "food"  to juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta).  Journal of the Fisheries Research Board of Canada 36:497-503.

chum XE "chum salmon"  

Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

Cores of benthic meiofauna were collected throughout the estuary over a one-year period (March 1975 to March 1976).  Dominant organisms in the benthic samples were nematodes and harpacticoids.  The relatively large (~1.5 mm XE "size" ) benthic harpacticoid Harpacticus uniremis, which is a dominant prey XE "food"  item of chum XE "chum salmon"  fry in this estuary, was one of the least common harpacticoid copepods in the samples.  Productivity of H. uniremis was estimated to be only slightly greater than the calculated food requirements of the chum population.  The harpacticoids use bacterial and algal (detritus) carbon sources as their food supply.

Nematodes and harpacticoid copepods were the dominant meiofauna present XE "timing" .  The relatively large Harpacticus uniremis was important prey XE "food"  consumed by chum XE "chum salmon"  fry, but one of least common harpacticoids present.  Productivity of H. uniremis was only slightly greater than calculated food requirements of chum.

Sibert, J., T.J. Brown, M.C. Healy, B.A. Ask, and R.J. Naiman.  1977.  Detritus-based  food XE "food"  webs: exploitation by juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta).   Science 196:649-650.

chum XE "chum salmon" 
Nanaimo R. XE "Nanaimo River" , Vancouver Is., British Columbia.

In 1975 about 5.3 million fry migrated through the estuary spending an average of 13-18 days in March and April, but only 1.5 days in May.  The fry increased about 4% per day in weight.  This population required about 3,850 kg of food XE "food"  to support growth of the fish during their residence XE "timing"  in the estuary.  The primary food source of these chum XE "chum salmon"  are harpacticoid copepods that live on bacterial flora associated with organic detritus. 

Simenstad, C.A.  1976.  Prey organisms and prey XE "food"  community composition of juvenile salmon in Hood Canal XE "Hood Canal" , Washington.  Pages 163-176 in Simenstad, C.A., and S.J. Lipovsky,  editors.  Fish Food Habitats Studies, Proceedings of 1st Pacific Northwest Technical Workshop, Washington Sea Grant, University of Washington, Seattle, Washington.

chum XE "chum salmon" 
Hood Canal XE "Hood Canal" , Washington.

Chum fry were collected by beach seine (37 m x 2.3 m) and tow net (3 x 6 m) from shorelines XE "distribution"  and nearshore areas near the Bangor Annex of the Trident submarine base in 1975 and 1976.  Epibenthic fauna were also sampled to identify potential prey XE "food"  organisms.

Gammarid eggs were consumed in considerable quantity, implying the fry attempted to capture the adult gammarids, but were only successful in striping their eggs.

Simenstad, C.A., J.R. Cordell, D.M. Mulward, and E.O. Salo.  1985.  Diet composition of juvenile salmon (Oncorhynchus spp.) in an urbanized estuary: results of three years'  studies in Commencement Bay XE "Commencement Bay" , Puget Sound XE "Puget Sound" , Washington, 1983-1985.  Report by Fisheries Research Institute, University of Washington to Port of Tacoma, Tacoma, Washington. 71p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Commencement Bay XE "Commencement Bay" , Washington.

Samples of young salmon were collected by beach seine (37 m) and tow net (3 x 6 m) at multiple sites along the bay's shorelines XE "distribution"  for stomach content analysis.  This included fry caught under piers XE "piers"  in the study discussed by Ratte (1985).  

Fry were feeding XE "food"  under the piers XE "piers" , however, fish collected under a pier appeared to be acquiring less food than those along natural shorelines XE "distribution" .  Prey consumed varied by species.  Chum ate primarily harpacticoids, along with gammarids, calanoids, and chironomids.  Chinook ate crab larvae, and drift insects, while coho XE "coho salmon"  ate crab larvae, euphausids, Eogammarus, and fish.

Presence of the harpacticoid Harpacticus uniremis group was considered interesting, since it is specifically associated with hydrophytes such as eelgrass and macroalgae.  The highly modified shorelines XE "distribution"  of Commencement Bay XE "Commencement Bay"  apparently provide sufficient opportunities for  production XE "production"  and feeding XE "food"  on epibenthic harpacticoids and chironomids, that chum XE "chum salmon"  and chinook XE "chinook salmon"  were able to locate them.  Likewise, drift insects were a substantial prey item that was apparently transported into the bay from the Puyallup River XE "Puyallup River" . 

Simenstad, C.A., K.L. Fresh, and E.O. Salo.  1985. The role of Puget Sound XE "Puget Sound"  and Washington coastal estuaries in the life history XE "timing" 

 XE "residence time"  of Pacific salmon: an unappreciated function.  Pages 343-363 in Kennedy, V.S. (ed.), Estuarine comparisons, Academic Press, New York, New York.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Washington, estuaries.

This paper provides a general review of the use of Washington State estuaries by young salmon, and hypotheses on the functions provided by the estuaries (forage, physiological transition, predation XE "survival"  refugia).  Washington has about 100 estuaries that are used by chinook XE "chinook salmon"  and chum salmon XE "chum salmon"  for rearing during their migration XE "migration"  to the ocean.  General residence XE "timing"  time XE "residence time" s range from four days to as long as six months.  Estuaries provide unique prey XE "food"  organisms, although these are used less by juvenile pink, sockeye XE "sockeye salmon"  and coho XE "coho salmon" .

Simenstad, C.A., and W.J. Kinney.  1978.  Trophic relationships of outmigrating chum salmon XE "chum salmon"  in Hood Canal XE "Hood Canal" , Washington, 1977.  Final Report to Washington State Department of Fisheries, Olympia, Washington.  75p.

chum XE "chum salmon" , chinook XE "chinook salmon" , coho XE "coho salmon" 
Hood Canal XE "Hood Canal" , Washington.

A beach seine (37 x 3 m) and a surface trawl (3 x 6 m) were used to collect chum XE "chum salmon"  fry in the vicinity of the Trident Naval Base in 1977.  Stomach contents of the chum showed they preyed on harpacticoid copepods, gammarid amphipods, crustacean larvae, and insects, as well as pelagic prey XE "food"  including euphausids, calanoid copepods and hyperiid amphipods.  Prior to mid-May, when the fry were 35-50 mm XE "size" , their prey was predominantly harpacticoids and gammarids.  The harpacticoids selected were the larger size fraction of those available.  In mid-May, when the fry exceeded 50 mm, euphausids, calanoid copepods, and hyperiids became substantial prey consumed by the chum fry.

Chum fry collected offshore by tow net consumed both pelagic and epibenthic prey XE "food"  indicat​ing they were feeding in both habitat XE "restoration"  types.  Their prey shifted from predominantly epibenthic organisms before mid-May to pelagic prey in June.  There were differences in prey consumed from different habitat types.  Harpacticoids were greatest in a shallow delta area with sandy substrate and abundant eelgrass.  Gammarid amphipods were most common in areas of clean gravel and coarse sand.  

Large juvenile chinook XE "chinook salmon"  (mean 267 mm XE "size" ) consumed some chum XE "chum salmon"  fry, but fed XE "food"  most on shrimp larvae, insects and juvenile herring, as well as crab larvae and juvenile sand lance.  Coho (mean 122 mm) fed specifically on euphausids and crab larvae, an well as fish larvae, gammarid and hyperiid amphipods, and calanoid copepods.  Cutthroat trout were found to prey on chum and other juvenile fish  along with a  variety of invertebrates.  Chum fry were also found in the stomachs of 17% of the staghorn sculpins collected.

Simenstad, C.A., W.J. Kinney, S.S. Parker, E.O. Salo, J.R. Cordell, and H. Buechner.  1980.  Prey community structure and trophic XE "food"  ecology of outmigration XE "migration"  juvenile chum XE "chum salmon"  and pink salmon XE "pink salmon"  in Hood Canal XE "Hood Canal" , Washington.  A synthesis of three years' studies.  Fisheries Research Institute, FRI-UW-8026, University of Washington, Seattle, Washington. 113p.

chum XE "chum salmon" , pink

Hood Canal XE "Hood Canal" , Washington.

Salmon fry were collected in the vicinity of the Bangor submarine base over three years (1977-1979) by beach seine (10 m, or 37 m), and tow net (3 x 6 m).  Early data is included in Bax et al. 1977, and Simenstad and Kinney 1978.

In February and March 1977, when the smallest (<40 mm XE "size" ) chum XE "chum salmon"  and pink fry enter northern Hood Canal XE "Hood Canal" , there were relatively impoverished prey XE "food"  resources in both sublittoral and neritic environments.  This appears to have been responsible for relatively high migration XE "migration"   rates (13 km/day in 1977) and short residence XE "timing"  time XE "residence time" s, as compared to slower migration rates when prey were more abundant (4-5 km/day in February and March 1978).  In 1980 migration rates decreased from 8-14 km/day in February and March, to 3 km/day in June.

Even larger chum XE "chum salmon"  appeared to initially select large epibenthic prey XE "food"  such as gammarid amphipods in the absence of large zooplankter such as Calanus.  Although small chum fry (<45-50 mm XE "size" ) initially fed on epibenthos in shallow water, they dispersed at night and moved slightly offshore.  The composition of prey consumed varied substantially with time and location.  Theories of changes in prey with changes in size of the fry and with changes in availability of prey are discussed.

Examination of prey XE "food"  availability showed the highest harpacticoid production XE "production"  in thick eelgrass within  semi-protected embayment along the Straight of Juan de Fuca.  Within the study area the greatest harpacticoid production occurred XE "timing"  at an eelgrass-covered delta.  The greatest production of gammarid amphipods was found on coarser current-swept substrates. Considerable discussion of carrying capacity XE "carrying capacity"  of the shallow and neritic habitats within Hood Canal XE "Hood Canal"  is provided.

Simenstad, C.A., B.S. Miller, J.N. Cross, K.L. Fresh, S.N. Steinfort, and J.C. Fegley.  1977.  Nearshore fish and macroinvertebrate assemblages along the Strait of Juan de Fuca including food XE "food"  habits of nearshore fish.  Page 42 in Annual Report, Fisheries Research Institute, University of Washington, Seattle, Washington.  

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Beaches of Straight of Juan de Fuca, Washington.

Chinook collected along beaches in August had eaten XE "food"  primarily insects, calanoid copepods, juvenile fish, and syllid polychaetes.  These prey items are generally pelagic.  Chum collected in May had consumed epibenthic prey.  Harpacticoid copepods, gammarid amphipods, and cumaceans were the dominant prey.  Pelagic copepods (calanoids) were about 15% of the biomass consumed.  The few coho XE "coho salmon"  collected contained primarily gammarid amphipods, with a small amount of cumaceans.

Simenstad, C.A., and E.O. Salo.  1980.  Foraging success as a determination of estuarine XE "distribution"  and nearshore carrying capacity XE "carrying capacity"  of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) in Hood Canal XE "Hood Canal" .  Pages 21-37 in Melteff, B.R., and R.A. Neve editors.  Proceedings of the North Pacific aquaculture Symposium, Alaska Sea Grant, Anchorage, Alaska.

chum XE "chum salmon"  

Hood Canal XE "Hood Canal" , Washington.

Chum fry and potential prey XE "food"  were collected along both sides of northern Hood Canal XE "Hood Canal" .  Chum feed principally on epibenthic prey when migrating through shallow habitats, and planktonic prey when in neritic habitats.  Fry in shallow habitat XE "restoration"  were small (30-40 mm XE "size" ) and fed on harpacticoid and gammarid amphipods.  These included Harpacticus sp., Calliopiella pratti, and Ischyrocerus sp.  Planktonic prey consumed by larger chum XE "chum salmon"  (45-50 mm) were calanoid copepods (Calanus pacificus, Pseudocalanus sp., and Epilabidocera amphitrites), hyperiid amphipods (Parachemisto pacifica), euphausids (larvae and juveniles), and Oikopleura.
Although chum XE "chum salmon"  were feeding XE "food"  on the most common components of epibenthos (harpacti​coids), they were selective for the larger species.  They appeared to be highly selective in both epibenthic and planktonic prey.

Sims, C.W.  1970.  Juvenile salmon and steelhead in the Columbia River XE "Columbia River"  estuary.  Pages 80-86 in Proceedings of Northwest estuarine XE "distribution"  and coastal zone symposium, Portland, Oregon.

chinook XE "chinook salmon" , coho XE "coho salmon" , steelhead

Columbia R. XE "Columbia River" , Washington-Oregon.

Chinook fry taken from the freshwater portion of the estuary, marked and released 30 miles upstream, were recaptured in the high salinity portion of the estuary the following day.  Some of these marked fish were also recaptured upstream at the release location eight weeks later.

Some hatchery-reared coho XE "coho salmon"  released in March moved upstream out of the estuary.  Most released coho fingerlings remain in the estuary area until early May.  They move through the estuary in three to five days once they begin to move.

Steelhead migration XE "migration"  through the Columbia River XE "Columbia River"  estuary begins in mid-March, peaks in early May, and is complete by late June.

Stober, Q.J., and E.O. Salo.  1970.  Salmonid emigration.  Pages 3-30 in Biological studies of Kiket Island nuclear power site.  Annual Report by Fisheries Research Institute, University of Washington, Seattle, Washington.  

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Skagit R. XE "Skagit River" , Washington.

Visual observations at two Skagit River XE "Skagit River"  stations and tow net sampling in Skagit Bay were used to determine the timing of juvenile salmon migrations through the estuarine XE "distribution"  area.  Fry were present XE "timing"  in the river channels of the delta when observations began in early March.  The number of observed fish increased substantially in the south Fork in late March and peaked in mid-May.  In the North Fork numbers did not increase until mid-May with the peak in the South Fork.  Numbers in the North Fork were substantially lower than in the South Fork.  Chum fry were abundant along the shore of Kiket Island when observations began in early April.  They increased to a peak in early May and declined by late May.  Pink fry along the island were less numerous with few in early April, increasing to a peak in early May, after which they were not observed.

Tow net samples showed few chinook XE "chinook salmon"  fry in the bay area until early June.  Chum fry had an abrupt peak XE "timing"  in the bay area in early April, after which they were only present in small numbers.  Coho smolts XE "smolt"  were numerous in the tow net catches from mid-May through mid-June.  Chinook smolts had a similar distribution XE "distribution"  in the bay area, while sockeye XE "sockeye salmon"  smolts were an abrupt peak in mid-May.

Mid-water trawling showed the majority of young salmon occur XE "timing"  in the top 10 ft of the water column.  A few juvenile salmon were caught between 10 and 20 ft deep XE "depth distribution" .  No young salmon were caught deeper than 30 ft.

Stober, Q.J., and E.O. Salo.  1971.  Salmonid emigration.  Pages 2-26 in Biological studies of Kiket Island nuclear power site.  Second Annual Report by Fisheries Research Institute, University of Washington, Seattle, Washington.  

chum XE "chum salmon"  

Skagit R. XE "Skagit River" , Washington.

Second year of study described in Stober and Salo (1970).  Chum fry were observed along the bay's beaches at low numbers in late March, rapidly increasing to moderate numbers by early April, peaking in mid-May, and declining by late May.  Tow net catches showed offshore numbers followed a similar trend with the initial increase occurring in late April, and the peak XE "timing"  in mid-May.  

Off shore the depth distribution XE "depth distribution"  of chum XE "chum salmon"  showed the majority of fish present XE "timing"  at the surface.  Small numbers of chum were taken in tows at depths of 30 ft and 60 ft.

Stober, Q.J., S.J. Walden, and D.T. Griggs.  1971.  Juvenile salmonid migration XE "migration"  through north Skagit Bay.  Pages 35-69 in Stober, Q.J., and E.O. Salo,  Biological studies of Kiket Island nuclear power site.  Second Annual Report by Fisheries Research Institute, University of Washington, Seattle, Washington.  

chinook XE "chinook salmon" , chum XE "chum salmon" , pink

Skagit R. XE "Skagit River" , Washington.

Final report of a three-year study begun in 1970 (Stober and Salo, 1970 and 1971).  In 1972 pink fry were moderately abundant along the bay's shorelines XE "distribution"  by the first of April.  In late April their numbers increased to a peak XE "timing"  in mid-May as in 1970.  By late May the pink fry were at low numbers.  The numbers of chum XE "chum salmon"  along the shore were small in 1972, with none present prior to late April, a peak in mid-May, and none by the end of May.  Off shore pink fry were prevalent from mid-April through mid-May, whereas chum were only found low numbers.

Pink fry collected by tow net had fluctuating mean lengths of 35 mm XE "size"  to 40 mm from early March through early May.  Those taken in June were much larger at about 75-85 mm.  The mean lengths of chum XE "chum salmon"  showed a similar trend with mean lengths of 37-45 mm through early May, but 77 mm in early June (except for one small sample at 26 mm).

Chinook were collected in tow nets first in early June.  Fluctuating, but moderate numbers were taken through early August.  These chinook XE "chinook salmon"  had lengths of about 85-95 mm XE "size"  in June, and increased to about 105 mm by August. 

Taylor, E.B.  1990.  Environmental correlates of life-history variation in juvenile chinook salmon XE "chinook salmon" , Oncorhynchus tshawytscha (Walbaum).  Journal of Fish Biology 37:1-17.

chinook XE "chinook salmon" 
North Pacific

A summary of life-history variations in juvenile chinook XE "chinook salmon"  is provided from literature sources and other available data.  Two basic life-history patterns are followed, “stream-type” chinook that migrate to sea after one or more years rearing in fresh water, and “ocean-type” chinook that migrate to sea after only several months rearing in fresh water.

Stream-type chinook XE "chinook salmon"  predominate in populations north of 56(N and in inland populations south of this line.  Ocean-type chinook predominate in coastal populations south of 56(N, but are rare in populations north of this line.  Environmental factors exert a strong influence on age at seaward migration XE "migration"  in these populations, especially “growth opportunity.”  In areas of low growth opportunity as measured by temperature and photoperiod and/or distance from the sea tend to have stream-type populations.

Taylor, W.S., and W.S. Willey.  1997.  Port of Seattle fish migration XE "migration"  study.  Pier 64/65 short-stay moorage facility: qualitative fish and avian predator XE "survival"  observations.   Unpublished report by Taylor Associates to Beak Consultants for the Port of Seattle, Seattle, Washington. 7 p + figures & tables.  

chinook XE "chinook salmon" , coho XE "coho salmon" , chum XE "chum salmon" 
Elliott Bay XE "Elliott Bay" , Puget Sound XE "Puget Sound" , WA

Visual observations where made by one observer walking the docks and a second observer snorkeling along the shore, breakwater XE "marinas"  and some docks over two-week intervals within a four-month period.  Observations were made twice daily on seven days.  Chum were present XE "timing"  in small numbers when the observations began in late April, peaked in early May, and remained in small numbers from early June to early July.  Chinook were first observed in early May, peak numbers were seen in late, and a few in early July.

Juvenile salmon migrated primarily from south to north away from the Duwamish River XE "Duwamish River" , their likely source.  Some fish moved in the opposite direction were not migrating.  Chinook and coho XE "coho salmon"  were observed passing through a shoreline opening in the breakwater XE "marinas"  structure provided for fish passage.  

Chum were preset in schools of 25-500 fish at sizes of 50-80 mm XE "size" .  Chum were always within 0.6-4.5 m  (2-15 ft) of structures, and close to the surface down to as deep XE "depth distribution"  as  3 m (10 ft).  Chinook and coho XE "coho salmon"  were commonly observed as individuals, with schools of 10-50 fish common.  Chinook were in the size range of 150-250 mm.  Chinook appeared first in May, peaked XE "timing"  in late June, and disappeared in July.  They appeared to have a slow migration XE "migration"  rate and were commonly seen at depths of  1.6-6 m (5-20 ft).

Potential avian predators XE "survival" 

 XE "predators"  (western grebe, belted kingfisher, gulls, mergansers) were not more numerous near the facility than in the general vicinity.  No avian predation was observed.  Avian predators were not observed near the shoreline passage facility although avian predators were frequently seen along the shoreline.

Thedinga, J.F., and K V. Koski.  1984.  A stream ecosystem in an old growth forest in southeast Alaska.  Part VI: The production XE "production"  of coho salmon XE "coho salmon" , Oncorhynchus kisutch smolts XE "smolt"  and adults from Porcupine Creek.  Pages 99-108 in Meehan, W.R., T.R. Merrell Jr., and T.A. Hanley  eds.  Fish and wildlife relationships in old-growth forests.   Proceedings of a symposium held 12-15 April 1982, Juneau, Alaska.  American Institute of Fisheries Research Biologists.

coho XE "coho salmon" 
Porcupine Creek, Alaska.

Summer rearing of juvenile coho XE "coho salmon"  occurs in the estuarine XE "distribution"  intertidal area with the fish returning to the stream in the fall.  The percentage of the population rearing in the intertidal area was not measured.  Additional information is provided in Murphy et al. 1988.
Thom, R.T., C.A. Simenstad, J.R. Cordell, and E.A. Salo.  1989.  Fish and their epibenthic prey XE "food"  in a marina XE "marinas"  and adjacent mudflats an eelgrass meadow in a small estuarine XE "distribution"  bay.  Unpublished report to Port of Bellingham by Fisheries Research Institute, University of Washington, Seattle, Washington.27 p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , cutthroat XE "cutthroat trout" 
Drayton Harbor, Washington.

The importance of high intertidal mudflat (+3 to +6 ft MLLW) within a marina XE "marinas"  basin to juvenile salmon and Dungeness crab was investigated during March through October 1987.  Juvenile salmon began using the nearshore habitats in early April when chum XE "chum salmon"  became abundant on the marina mudflat.  Chum appeared in the eelgrass meadow near the end of April.  Chum averaged 45 mm XE "size"  in early April, about 54 mm in late April and 63 mm in May.  Young of the year chinook XE "chinook salmon"  and coho XE "coho salmon"  were present XE "timing"  primarily in May and June.

Prey used by young salmon peaked XE "timing"  at the mudflat within the marina XE "marinas"  a month earlier than at an adjacent mudflat outside the marina.  Both mudflats had peak abundances of prey XE "food"  and young salmon up to four weeks earlier than the eelgrass site.  The mudflat sites appeared to be more important for young salmon than the eelgrass, while the reverse was found for other fish and crabs.

Thorpe, J.E.  1994.  Salmonid fishes and the estuarine XE "distribution"  environment.  Estuaries 17:76-93.

chinook XE "chinook salmon" , chum XE "chum salmon" , pink, coho XE "coho salmon" , sockeye XE "sockeye salmon" , others

Pacific Northwest estuaries

Thorpe provides a review of information from a large number of reports.  He discusses this information with respect to the supposed primary advantages that estuaries provide young salmon: productive foraging, refuge from predators XE "survival" 

 XE "predators" , and a physically intermediate environment for transition from fresh water to marine.  Thorpe concludes there is strong evidence for the advantage of  foraging, but equivocal support for the predator refuge.  For fry there is support for the physiological transition function.

Thorsteinson, F.V.  1962.  Herring predation XE "survival"  on pink salmon XE "pink salmon"  fry in a southeastern Alaska estuary.  Transactions of the American Fisheries Society 91:321-323.

pink

Little Port Walter, Baranof Is., Alaska

Pink fry migrate from Sashin Creek directly the estuary following emergence between late March and mid-June.  The fry enter the estuary at a length XE "size" 

 XE "growth rate"  of about 30 mm and remain until they reach about 40 mm.  A school of herring observed feeding XE "food"  near the surface at the location where Sashin Cr. enters the estuary.  Beach seine collections near the mouth of the stream showed pink fry were consumed by 57% of the herring.  Average consumption of pink fry was 18 for herring that had consumed fry.  Although newly emerged fry tend to inhabit the less saline surface water, and the herring the more saline deeper water, the herring frequently foraged through the surface water.

Tiffan, K.F.,  D.W. Rondorf, and P.G. Wagner.  2000.  Physiological development and migratory behavior of subyearling fall chinook salmon XE "chinook salmon"  in the Columbia River XE "Columbia River" .  North American Journal of Fisheries Management 20:28-40.
chinook XE "chinook salmon" 
Columbia River XE "Columbia River" 
Once active migrants passed McNary Dam 300 km upstream from the river’s mouth, 90% of the subyearlings were able to survive seawater challenge tests.  Seawater challenge tests were conducted at 18.3° C in 30‰ salinity.  Early migrants were found to travel faster than middle and late migrants.  Adult returns showed no consistent patterns that show a survival advantage for any portion of the migration XE "migration" .

Tschaplinski, P.J.  1982.  Aspects of the population biology of estuarine-reared and stream-reared juvenile coho salmon XE "coho salmon"  in Carnation Creek XE "Carnation Creek" : a summary of current XE "behavior"  research.  Pages 289-307 in Hartman, G.F. ed.  Proceedings of the Carnation Creek workshop: a ten year review.  Pacific Biological Station, Nanaimo, British Columbia.

coho XE "coho salmon" 
Carnation Creek XE "Carnation Creek" , Vancouver Is., British Columbia.

Coho fry entering the estuary to rear in March, shortly after emergence, were about 37 mm XE "size"  long.  By August-September when they dispersed from the estuary they had grown to about  70 mm.  Coho fry resided in low-velocity portions of main channels and side channels XE "distribution" .  Coho were in areas having cover provided by pools (>45 cm), undercut banks, masses of large debris, or undercut banks with overhanging vegetation.  Fry did not use the lower estuary or over winter in the estuary.

Tschaplinski, P.J.  1987.  The use of estuaries as rearing habitats by juvenile coho salmon XE "coho salmon" .  Pages 123-147 in Chamberlin, T.W. ed.  Proceedings of the workshop: applying 15 years of Carnation Creek XE "Carnation Creek"  results.  Pacific Biological Station, Nanaimo, British Columbia.

coho XE "coho salmon" 
Carnation Creek XE "Carnation Creek" , Vancouver Is., British Columbia.

Coho fry used the upper intertidal zone of a small estuary at the mouth of Carnation Creek XE "Carnation Creek"  for rearing from shortly following emergence, through the summer.  Fry remained within salinities of about 15‰ until late in the summer, when they either returned to the stream for the winter, or moved offshore into higher salinity water.  Most dispersed seaward into Barkley Sound.   

Coho fry in the estuary preferred depths of 45-225 cm, cover  in the form of under cut banks (often  with overhanging vegetation), and masses of large debris (tree roots, logs or fallen trees).

Coho fry rearing in the estuary rapidly outgrew their stream dwelling counterparts.  The fry consumed mostly prey XE "food"  from drift, with feeding activity significantly elevated by tidal currents.  Most feeding movements occurred XE "timing"  during flood tide or within the first hour of receding tides.  Prey species consumed were highly variable.  Chironomids and amphipods (Corophium spinicorne, Eogammarus confervicolus) were the most important (61-89%) prey items in the estuary.  Isopods (Gnorimosphaeroma oregonense) were also consumed by the fry.  The coho XE "coho salmon"  fry were judged to be generalist predators XE "survival" 

 XE "predators" .  Potential prey items such as fish larvae and oligochaete worms were either avoided or unavailable to the fry.

Tyler, R.W.  1962.  Distribution and migration XE "migration"  of young salmon in Everett Harbor, 1962.  Unpublished Report.  Fisheries Research Institute, University of Washington, Seattle, Washington.  26 p.

chinook XE "chinook salmon" , coho XE "coho salmon" , chum XE "chum salmon" , pink

Snohomish River XE "Snohomish River"  estuary, Everett, Washington

Young salmon were sampled through out the Snohomish River XE "Snohomish River"  estuary area (Port Gardner) during April and May.  Sampling was conducted using two different tow nets, a purse seine, and a beach seine.  Tow netting and beach seining were most effective in collecting young salmon.

Pink fry began migrating into the estuary in April, peaked XE "timing"  in late April, and declined in early May.  Pink fry, including fry as small as 33 mm XE "size"  were collected offshore along the beaches of Gedney Is. during the same period.  Chum fry were present during the same period with peak abundance XE "abundance"  in late April to early May.  Undisturbed schools of chum XE "chum salmon"  and pink were observed along the shorelines XE "distribution" , always within four feet of the surface, and usually within two feet of the surface.  Emergent size fish were within inches of the surface.

Chinook and coho XE "coho salmon"  fingerlings were preset in late April.  Large schools of chum XE "chum salmon"  and pink salmon XE "pink salmon"  disappeared from the shorelines XE "distribution"  when the coho arrived.  Chinook were present XE "timing"  in small numbers at all locations monitored, with no apparent trends in abundance XE "abundance" .

The greatest concentrations of pink, chum XE "chum salmon"  and chinook XE "chinook salmon"  were found along the outer shoreline of the south side of the estuary and offshore at Gedney Is.  Smaller concentrations were found at Tulalip Bay north of the estuary and the south shore closer to the Port of Everett.

Daily migrations of young salmon were strongly influence by tidal exchange.  During upstream tidal flow migrations were not evident.  During periods of out flow, catches were relatively consistent.

Offshore sets of the purse seine showed a portion of the migrants moved immediately offshore.  The size XE "size"  of this portion could not be estimated. 

Tyler, R.W.  1964.  Distribution and migration XE "migration"  of young salmon in Bellingham Bay, Washington.  Circular No. 212.  Fisheries Research Institute, University of Washington, Seattle, Washington.  26 p.

chinook XE "chinook salmon" , coho XE "coho salmon" , chum XE "chum salmon" , pink

Nooksac River estuary, Bellingham Bay, Washington

Beach seine, fyke net and tow net sampling was conducted in Bellingham Bay from mid-April through May.  Beach seine sampling collected large numbers of chum XE "chum salmon" , and much smaller numbers of coho XE "coho salmon" , chinook XE "chinook salmon"  and pink salmon XE "pink salmon" .  Chum collected by beach seine were predominantly 37-55 mm XE "size" , while those collected offshore by tow net were generally 60-75 mm in length XE "growth rate" . Chinook were present XE "timing"  in seine catches only in late May to early June, and coho primarily in May.  Fish commonly collected with the salmon included staghorn sculpin, starry flounder, shiner seaperch, and threespine stickleback.

Chum caught by tow net were generally sparsely distributed throughout the open water of Bellingham Bay.  One relatively concentrated group of  small chum XE "chum salmon"  fry (34-38 mm XE "size" ) was collected in the turbid XE "turbidity"  plume of the Nooksac River during  an ebb tide.  Chinook and coho XE "coho salmon"  were collected in the offshore areas by tow net primarily in May, with concentrations at several outer bay locations and a log storage area.

Fyke net sampling showed  many chum XE "chum salmon"  reared in the  river for some time to migrate into the  estuary at a larger size XE "size"  in late May.

Wagner, H.H.,  F.P. Conte, and J.L. Fessler.  1969.  Development of osmotic and ionic regulation in two races of chinook salmon XE "chinook salmon"  Oncorhynchus tshawytscha.  Comparative Biochemistry and Physiology 29: 325-341.

chinook XE "chinook salmon" 
Laboratory

Fall chinook XE "chinook salmon"  from a Columbia River XE "Columbia River"  hatchery XE "hatchery"  (ocean type) and spring chinook from a Willamette River hatchery (stream type) were tested to determine salinity tolerance of alevins and fry.  Fall chinook alevins were able to tolerate 15-20‰ immediately following hatching., and tolerated higher salinities with increasing size XE "size" .  They were able to tolerate 30‰ at a size of 65 mm (3 g).  Spring chinook grew slower, thus had delayed tolerance to salinity.  Salinity tolerance appeared to be related to size rather than age.  
Walker, J.H.C.  1974. Mechanics of size XE "size"  selected predation XE "survival"  by coho XE "coho salmon"  smolts XE "smolt"  or pink and chum salmon XE "chum salmon"  fry.  Pages 114-120 in Proceedings of the 1974 Northeast Pacific Pink and Chum Salmon Workshop.  D.R. Harding, editor.  Canadian Department of Environment and Fisheries, Vancouver, British Columbia. 

chum XE "chum salmon" , coho XE "coho salmon" , sockeye XE "sockeye salmon" 
Laboratory.

Chum and sockeye XE "sockeye salmon"  were exposed to predation XE "survival"  by coho XE "coho salmon"  smolts XE "smolt"  for six days.  Coho behavior showed a definite bias to stalk the larger prey XE "food" , but coho were less successful in capturing larger prey.  More small prey were consumed because of more success in attacking smaller prey.  Many uncaptured chum XE "chum salmon"  and sockeye were injured by coho attacks.  About 7% of the injured fish died within 40 days. 

Washington Department of Fisheries.  1959.  Underwater observations of young chinook salmon XE "chinook salmon"  being released into saltwater.   69th Annual Report, p 58.  Washington Department of Fisheries, Olympia, Washington.

chinook XE "chinook salmon" 
Hood Canal XE "Hood Canal" , Washington.

Divers were used to observe chinook XE "chinook salmon"  immediately following their release from the Hood Canal XE "Hood Canal"  hatchery XE "hatchery" .  Schools of chinook were observed 100 y from the hatchery within 45 minutes after release.  Initially the fish rapidly dispersed.  The chinook remained near the water surface and immediately swam towards shore.  No fish were observed more than 300 y from shore.  At the shore the fish regrouped into schools of a few hundred to several thousand individuals.

Predation on chinook XE "chinook salmon"  along the shoreline was observed to occur XE "timing"  by hake (Meluccius productus), Rock fish (Sebastodes sp.), ling cod (Ophiodon elongatus), and sculpins, as well as by other salmonids (larger chinook and cutthroat trout XE "cutthroat trout" ).

Weitkamp, D.E.  1977.  Observations of turbidity XE "turbidity"  and juvenile salmonids during filling of Piers 37-42, Port of Seattle.  Report by Parametrix, Inc.  Pages N-44 to N-65 in Final EIS proposed Terminal 46 expansion project.  Port of Seattle, Seattle, Washington.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Duwamish R. XE "Duwamish River" , Washington.

Juvenile salmon in a port shoreline area being filled were sampled by beach seine (50 x 9 ft) and purse seine (100 x 15 ft) in early June.  Both chinook XE "chinook salmon"  (75-100 mm XE "size" ) and chum XE "chum salmon"  (55-95 mm) fry as well as a few chinook smolts XE "smolt"  (120-160 mm) were found along the shorelines XE "distribution"  as well as along piers XE "piers"  over deep XE "depth distribution"  water (-15 ft MLLW).  This shoreline was extremely turbid XE "turbidity"  during June when the salmon were collected.  Turbidity was attributed to wind and wave action along the shoreline.  Turbidity caused by the filling action appeared to remain well below the surface layer.

Weitkamp, D.E.  1982.  Juvenile chum XE "chum salmon"  and chinook salmon XE "chinook salmon"  behavior at Terminal 91, Seattle, Washington.  Report by Parametrix, Inc. to Port of Seattle, Seattle, Washington.  21p.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Elliott Bay XE "Elliott Bay" , Washington.

The Duwamish River XE "Duwamish River"  discharges into Elliott Bay XE "Elliott Bay"  about 4 km from Terminal 91, providing reduced salinity surface water at the site.  The terminal had two 2,400 ft long piers XE "piers"  formed by wood pile-supported aprons (75 ft wide) along the sides of earth fill.  The shorelines XE "distribution"  to either side of the piers had gradually sloping natural substrates.  The distribution and abundance XE "timing" 

 XE "abundance"  of young salmon using the area during May were observed from a boat cruising the shoreline and by diving.  Fish were also collected by beach seine to confirm species identification and enumeration.  

Chum fry were abundant at Terminal 91 when the observations began in early May.  A few coho XE "coho salmon"  and chinook XE "chinook salmon"  were also present XE "timing" .  Chum were still the dominant species in mid-May, although a few chinook were present.  In late May the species present changed to half chum XE "chum salmon"  and half chinook, to nearly all chinook by the end of May. 

The chum XE "chum salmon"  tended to concentrated along the edge of the pier aprons toward the shore end of the piers XE "piers" .  Much smaller numbers of chum were seen along the gently sloping shorelines XE "distribution"  with natural substrates.  The chum along the piers were feeding XE "food"  close to the surface with apparently random darting movements along the first row of piles supporting the aprons and boom logs tied to the pier edge.  None of the juvenile salmon appeared much past the first row of piles under the pier aprons or more than 2-4 m from the piers.  The fish readily passed under a detached portion (9-12 m wide) of one pier, but showed great reluctance to pass into the dark area beneath the wood pile supported apron.  All chum were within 2 m of the surface, and most within 1 m.  Some of the coho XE "coho salmon"  were observed as deep XE "depth distribution"  as 3 m.  The chinook XE "chinook salmon"  behaved in the same manner as the chum.

Weitkamp, D.E., and R.F. Campbell.  1980.  Port of Seattle Terminal 107 fisheries study.  Report by Parametrix, Inc. to Port of Seattle, Seattle, Washington.  53p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Duwamish R. XE "Duwamish River" , Washington.

Young salmon were collected by beach seine (33 x 3 m) and purse seine (38 x 4.5 m) at multiple locations along natural and modified shorelines XE "distribution"  within the estuarine portion of the river channel.  Gill net sampling with variable mesh nets was also conducted to identify potential predators XE "survival" 

 XE "predators" .  Sampling began in mid-March and extended through July.

Chum were present XE "timing"  from late March through late June.  Their abundance XE "abundance"  increased from a few fish to substantial numbers in early April following a hatchery XE "hatchery"  release upstream.  The peak occurred in late April with moderate numbers until mid-May, and a few into June.  The mean lengths of chum XE "chum salmon"  varied from 44 mm XE "size"  to 55 mm through late May.  In June the few chum present were in the range of 65 mm.

Chinook were first collected in late April even though many fish had been released upstream as early as March.  The numbers of chinook XE "chinook salmon"  remained low until mid-May when there was a sharp peak XE "timing"  in the catch, followed by a gradual decline through early July.  These chinook had mean lengths of about 65-80 mm XE "size"  from April through late May.  In June the few chinook present tended to be in the range of 80-90 mm.

Coho were present XE "timing"  in low numbers through April, increased from the end of April to a sharp peak in mid-May, and abruptly declined.  The coho XE "coho salmon"  were initially about 120-135 mm XE "size" , but declined in size to less than 100 mm at the peak of the run.  Small numbers of cutthroat XE "cutthroat trout" , steelhead and Dolly Varden were taken in the same effort.  

Only small numbers of potential predators XE "survival" 

 XE "predators"  were collected in the same area as the young salmon.  The authors suggest the appearance of large numbers  of coho XE "coho salmon"  smolts XE "smolt"  at the same time as the disappearance of chum XE "chum salmon"  fry may be an indication of coho predation on the smaller chum.  However, these changes may also have been the result of different groups of chum moving through the estuary.  The authors provide evidence, based on size XE "size"  changes, of three different groups of chum moving through the area.

Weitkamp, D., and P. Farley.  1976.  Juvenile salmonid observations, 1976 Port of Seattle.  Report by Parametrix, Inc.  Pages M-1 to  M-15 in Final EIS proposed Terminal 37 expansion project.  Port of Seattle, Seattle, Washington.  

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Duwamish R. XE "Duwamish River" , Seattle.

Visual observations of young salmon were made along various modified habitat XE "restoration"  types in the Port of Seattle at the mouth of the Duwamish River XE "Duwamish River" .  Observations were made along the shorelines XE "distribution"  from both above and below the water surface during daylight periods of late April and May.  Habitats observed included riprap shorelines under pier aprons and in exposed locations, as well as the open-water face of piers XE "piers" .

Chinook and coho XE "coho salmon"  (70-120 mm XE "size" ) were present XE "timing"  during late May at many locations in and near the mouth of the river.  These fish were observed both under piers XE "piers"  and along exposed shorelines XE "distribution" .  More fish were observed  along exposed shorelines, possibly due to better visibility in the greater light XE "behavior" .  Juvenile coho were observed to show little reluctance to enter areas covered by piers and over deeper water.  

A small school of chum XE "chum salmon"  (<50 mm XE "size" ) was observed in shallow water of natural habitat XE "restoration"  within the river estuary.  These fish were in about 30 cm of water.

Weitkamp, D.E., E. Gullekson, and T.H. Schadt.  1981.  Shilshole Bay fisheries resources, spring 1981.  Report by Parametrix, Inc. to Port of Seattle, Seattle, Washington.  15p.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Lake Washington Ship Canal.

Juvenile salmon were sampled just outside the mouth of the canal that drains the Lake Washington watershed to Puget Sound XE "Puget Sound" .  Visual observations along shorelines XE "distribution" , docks, and a breakwater XE "marinas"  from a small boat and by diving, and fish were collected by beach seine (100 x 9 ft).  Sampling occurred XE "timing"  from late March through June. 

Young salmon were not found in late March or early April.  By mid-April small numbers of chum XE "chum salmon"  (38-53 mm XE "size" ) were found near but not within the marina XE "marinas" .  In late April numerous chum (about 45 mm) were found along the marina and adjacent shorelines XE "distribution" , but only a few along the offshore breakwater.  In early May the chum were essentially absent from the area, however large schools of coho XE "coho salmon"  smolts XE "smolt"  (mean length XE "growth rate"  127 mm) were present XE "timing"  within the marina.  Some chum fry were observed along the outside edge of the offshore breakwater, and north of the marina.  By mid-May the composition of the salmon present again changed to a few coho, along with small schools of chum (52 mm).  The number of chum was about 10% of the number present in late April.  Chinook were first observed in small numbers in early June.  Mixed schools of chinook XE "chinook salmon"  and chum were present throughout most of June along the shorelines.

Chum fry were observed to remain close to the shoreline, within 2-20 ft along steep riprap shorelines XE "distribution" , but farther from the water line over gradually sloping shores.  The chum XE "chum salmon"  appeared to be randomly feeding XE "food"  within the top three feet of the water column, regardless of the total water depth XE "depth distribution" .  Coho were observed throughout the marina XE "marinas"  basin during their brief presence XE "timing"  in the area.  They were observed to feed as deep as six feet or more within the marina.  When the chinook XE "chinook salmon"  appeared in June, they showed similar behavior to the chum. 

Weitkamp, D.E., and T.H. Schadt.  1981.  Fish, Technical Report.  In Volume III Fish and Wetlands, Commencement Bay XE "Commencement Bay"  Studies.  Report from Dames and Moore to Corps of Engineers, Seattle District, Seattle, Washington.  75p + Appendices.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" , pink

Puyallup R. XE "Puyallup River" , Washington.

Juvenile salmon were collected at multiple locations along Commencement Bay XE "Commencement Bay"  shorelines XE "distribution"  adjacent to the Puyallup River XE "Puyallup River"  from late March through late July 1980.  Collections were made by beach seine (30 x 3 m), and purse seine (38 x 4.5 m).

Chinook appeared in early April shortly after sampling began, peaked XE "timing"  in late April, and declined to low numbers by late June.  Pink fry were present when sampling began in late March, peaked in mid to late April, and declined to low numbers by early May.  Chum fry were not abundant in their collections.  Chum fry were collected in early April at low numbers, were prevalent from late April through mid-May, and only occasionally collected from late May on.  Coho were present throughout the March through July sampling at very low numbers, with a small peak in late May.

Chinook tended to be found only at the beach sites, and two purse seine sites in two waterways east of the Puyallup River XE "Puyallup River"  mouth (Milwaukee and Sitkum) through mid-May.  In late May and June chinook XE "chinook salmon"  were common at both beach and pier locations.  Pink fry were generally taken only to beach sites.  However, in April moderate numbers were also taken in Sitkum Waterway and along the western shore of Commencement Bay XE "Commencement Bay" .  The small number of coho XE "coho salmon"  taken were more commonly collected at beach than purse seine sites. 

Weitkamp, D.E., and T.H. Schadt.  1982.   1980 Juvenile salmonid study.  Report by Parametrix, Inc. to Port of Seattle, Seattle, Washington.  43p +  Appendices.  

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Duwamish R. XE "Duwamish River" , Washington.

From early April through early August young salmon were collected by beach seine (31 x 3 mm XE "size" ) and purse seine (38 x 4.6 m) within the Duwamish estuary from the head of navigation into Elliott Bay XE "Elliott Bay" .  Fish were also collected by Oneida traps under several piers XE "piers" , and by Kvichak trawl (3 x 3 m) at the surface in open water.  A substantial number of collected migrants were marked with fluorescent pigment to evaluate length XE "growth rate"  of residence XE "timing"  in the estuary.

A few chinook XE "chinook salmon"  were collected along beaches from the end of March through mid-April.  In late April chinook rapidly increased to a peak XE "timing"  in early May, then decreased to low numbers by the end of May. Small numbers of chinook remained in the estuary through August.  Chinook were not collected by purse seine or in Elliott Bay XE "Elliott Bay"  until mid-May, and none were taken after late June.  They were collected by Kvichak trawl primarily in mid-May and June, indicating this was the period of offshore migration XE "migration" .  The lengths of chinook increased steadily from early April (47 mm XE "size" ) through early July (90 mm).  Their lengths increased from 50 mm to 70 mm in mid to late April, indicating the immigration of larger fish during the substantial increase in numbers of chinook collected.

Chum fry were taken within the Duwamish at moderate numbers and in Elliott Bay XE "Elliott Bay"  at low numbers beginning in early April.  During late April few chum XE "chum salmon"  were collected in the Duwamish, but many were taken on the north side of Elliott Bay.  In late May they were again taken primarily within the Duwamish, and were only taken occasionally in low numbers in June in either area.   Mean lengths of chum fluctuated near 40 mm XE "size"  from early April to early May.  Through May and June they showed a steady increase to 65 mm by mid-June.

Coho were collected only in low to moderate numbers, primarily from late April to late May, and occasionally in June and July.  Almost no pink fry were collected in the Duwamish River XE "Duwamish River" , however substantial numbers were taken in Elliott Bay XE "Elliott Bay"  in late April, and a few in May-June.

Collection of fish under pier aprons in April and May showed chinook XE "chinook salmon"  present XE "timing"  under the Duwamish pier throughout this period.  Large numbers of chinook were taken by trap under the pier in early May during the peak of the run.  Coho were also taken in substantial numbers in the trap under the Duwamish pier.  Chum were rare and pink fry absent under the pier.  Few salmon were taken under the Elliott Bay XE "Elliott Bay"  pier.  Both piers XE "piers"  were concrete pile supported with riprap shorelines XE "distribution" .  A single large catch of pink salmon XE "pink salmon"  was taken by a trap set at a boat launch in the Duwamish at the end of April.

Mark and recapture indicated the chinook XE "chinook salmon"  remain in the Duwamish about two weeks, with the longest recovery 24 days after marking.  The chum XE "chum salmon"  appeared to remain in the Duwamish about one week.  The marked chinook and chum were not recaptured at Elliott Bay XE "Elliott Bay"  stations.

The prey XE "food"  consumed by young salmon varied with species, size XE "size" , and location of capture.  Prey important in the diets of chum XE "chum salmon"  were chironomids (diptera), calanoids, harpacticoids, and gammarids, both epibenthic and pelagic prey.  Chinook consumed primarily calanoid copepods, with moderate amounts of larvacea, diptera, and crab larvae.

Williams, G.T., and D.E. Weitkamp.  1991.  Epibenthic zooplankton production XE "production"  and fish distribution XE "distribution"  at selected pier apron and adjacent non-apron sites in Commencement Bay XE "Commencement Bay" , Washington.  Report by Parametrix, Inc. to Port of Tacoma, Tacoma, Washington.  32p + Appendix.

chinook XE "chinook salmon" , chum XE "chum salmon" 
Commencement Bay XE "Commencement Bay" , 

Juvenile salmon occurring under pier aprons adjacent to the Puyallup River XE "Puyallup River"  mouth were collected by Oneida traps to determine relative abundance XE "timing" 

 XE "abundance"  compared to adjacent non-pier areas, and to identify epibenthic prey XE "food"  available to fish in each area.  Very few young salmon were collected, most were chinook XE "chinook salmon" , and most were taken under the pier aprons rather than adjacent areas or the face of the piers XE "piers" .

Epibenthos sampling identified production XE "production"  of epibenthos under pier aprons was about 85% of that in open areas.  Substrate type was a great factor in the lower production.  On the same substrate, the epibenthic production under the piers XE "piers"  was essentially the same as in open areas.

Williams, I.V.  1969.  Implication of water quality XE "water quality"  and salinity in the survival of Fraser River XE "Fraser River"  sockeye salmon XE "sockeye salmon" .  International Pacific Salmon Fisheries Commission, Progress Report No. 22.  46 p.

sockeye XE "sockeye salmon" 
Fraser River XE "Fraser River" , BC

Juvenile sockeye XE "sockeye salmon"  migrating from three lakes in the Fraser River XE "Fraser River"  watershed were tested to determine their salt-water tolerance.  Although the different groups varied in their tolerance of salt water at the beginning of their migration XE "migration" , all could tolerate 30 ‰ within the time required to reach the estuary.  When placed in a vertical salinity gradient, young sockeye showed a preference for seawater indicating a time lag proportional to the distance from their origin to the estuary.  Once fish accepted seawater, there was little or no acclimation needed for direct transfer into 30‰ salinity.
Wissmar, R.C., and C.A. Simenstad.  1998.  Energetic constrains of juvenile chum salmon XE "chum salmon"  (Oncorhynchus keta) migrating in estuaries.  Canadian Journal of Fisheries and Aquatic Sciences 45:1555-1560.

chum XE "chum salmon" 
Laboratory experiments

Grow the of juvenile chum XE "chum salmon"  was evaluated through an energetic growth model based on feeding XE "food"  behavior, measured sizes of migrants, migration XE "migration"  rates, and prey resources.  Growth efficiencies exceeding 20 % occur XE "timing"  when metabolic expenditures decline and energy intake rates permit growth without depletion of the food supply.  Prey encounter rates were lowest in February and highest in March.  Metabolic costs approached or exceeded energy intake when prey densities were lowest at the beginning and end of the migration period.

Wolf, J.G., B. Morson, and K.W. Fucik.  1983. Preliminary studies of food XE "food"  habits of juvenile fish, China Poot Marsh and Potter Marsh, Alaska, 1978.  Estuaries 6:102-114.

coho XE "coho salmon" 
Cook Inlet marshes, Alaska.

Coho (64-105 mm XE "size" ) collected from these marsh areas contained primarily insects (chironomids and others) and amphipods (Anisogammarus confervicolus).

Wood, C.C.  1987.  Predation of juvenile Pacific salmon by the common merganser (Merus merganser) on eastern Vancouver Island.  I: Predation during the seaward migration XE "migration" .  Canadian Journal of Fisheries and Aquatic Sciences 44:941-949.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Vancouver Is. various streams

The abundance XE "timing" 

 XE "abundance"  of mergansers from late March to early July was determined in the Englishman, Little Qualicum, Big Qualicum, and Campbell rivers as well as Rosewall Creek.  Average consumption of fresh fish by adult mergansers is about 0.4 kg/d.  Mergansers were observed to feed XE "food"  on young salmon in fresh water but primarily on sculpins and blennies in tidal waters.  The abundance of mergansers was substantially greater in the last kilometer of the rivers immediately above the tidal waters.  Mergansers consumed an estimated 0.8% to 7.2% of migrants, with the lower rates later in the migration XE "migration"  period. 

Yurk, H., and A.W. Trites.  2001.  Experimental attempts to reduce predation XE "survival"  by harbor seals XE "seals"  on out-migrating juvenile salmonids.  Transactions of the American Fisheries Society 120:1360-1366.

chinook XE "chinook salmon" , chum XE "chum salmon" , coho XE "coho salmon" 
Puntledge R., Vancouver Is., British Columbia

Harbor seals XE "seals"  (Phoca vitulina) were observed to feed XE "food"  on downstream migrants at night along the light-shadow boundary of a lighted bridge at the upstream edge of the estuary.  Most harbor seals preyed on juvenile salmon at the upper of two bridges where lighting cast a distinct boundary on the river.  An average of 8 (1-26) seals fed at the bridge when control measures were not in place.   Seals positioned themselves side by side with their ventral side up, in the shadow of the bridge. Seals maintained position with minimal movements of their hind flippers causing no apparent disturbance of the water surface.  Seals did not attempt to feed until the tide stage raised the water depth XE "depth distribution"  to almost 2 m.  In late April and early May the seals maintained position near the water surface and “gulped” fry (primarily chum XE "chum salmon" ).  In late May the seals more actively pursued prey (primarily coho XE "coho salmon"  smolts XE "smolt" ).  Olesiuk et al. (1995) previously estimated the seals consume 140,000 chum fry and 13,000 coho smolts per night in 1994.

 Acoustic harassment devices proved to be more of a deterrent to the seals XE "seals"  than turning off the bridge lighting, or installing a cork line barrier.  Seals adapted to turning the bridge lighting out by making effective use of the residual city lighting.
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