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hosts of the 55th Annual Northwest Fish Culture Conference, are pleased to welcome you to Victoria, 
British Columbia. This informal conference brings fish culturists, scientists and interested individuals 
from private, state, provincial, tribal and federal finfish hatchery facilities in the Pacific Northwest and 
elsewhere in North America to exchange information and ideas about all aspects of fish culture. 
These conferences are hosted on a rotating basis by the various fish resource agencies in the Pacific 
Northwest. The subject matter generally focuses on topics directly applicable to fish culture, but will 
include topics in fisheries management, research and other disciplines that are directly related to the 
science of fish culture. This conference is also used to renew old friendships, begin new ones, and 
develop personal contacts between those of common interest. All persons interested in fish 
husbandry are invited to attend and to actively participate.
The conference organizing committee would like to thank all speakers, poster authors and session 
leaders. Your contributions have made for a great conference program. Thanks to all authors who 
were able to meet our demanding deadlines for abstract and manuscript submission. Your 
cooperation and efforts have resulted in a quality publication. We also wish to thank all the trade 
show exhibitors and the generous prize donors for supporting the conference. We hope you enjoy 
both your stay in Victoria and the 55th Annual Northwest Fish Culture Conference!  
 
These Proceedings contain abstracts and manuscripts presented at the conference. They are 
unedited, contain progress reports of uncompleted programs, and, as such, should not be considered 
a formal peer-reviewed publication. Mention in these Proceedings does not indicate approval, 
recommendation, or endorsement of any proprietary product or material.
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2004 Northwest Fish Culture Conference Presentations 
(Agenda, Abstracts, and Manuscripts) 

    These presentations were primarily created in Word, but most have been converted into PDF 
format for this CD.  If you do not have Acrobat Reader, you will need to install one of the appropriate 
free viewers from the software section.  A few of the presentations are yet unavailable, however, 
abstracts have been included whenever possible.
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Keynote Speakers
 
Don Peterson, Freshwater Fisheries Society of BC, New Challenges, New Opportunites. Abstract [PDF] 
Document [PDF]
 
Don MacKinlay, Fisheries and Oceans Canada, Pacific Salmon Hatcheries in British Columbia. Abstract [PDF] 
Document [PDF]
 
 
Session I: Promoting Recreational Fishing, Session Chair: Don Peterson, Freshwater Fisheries 
Society of BC
 
Brian Chan, Freshwater Fisheries Society of BC, Sport Fishing Development and Marketing - Charting our 
Direction. Abstract [PDF] Document [PDF]
 
Tom Bird, Sport Fishing Insititute of British Columbia, Sport Fishing Promotion through Cooperative Action. 
Abstract [PDF] Document [PDF] 
 
                                                 
Session II: Unique topics, Session Chair: Dan Hayward, Freshwater Fisheries Society of BC
 
Gidon Minkoff, Sablefin Hatcheries Ltd., Culturing Sablefish (Anoplopoma fimbria) in British Columbia, 
Canada. Abstract N/A 
 
Kathleen Neely, University of Washington, Building a Better Salmon: How Domestication of Domsea coho has 
Improved it as a Broodstock. Abstract [PDF] Document [PDF] 
  
David Welch, Chief Scientist, Pacific Ocean Sonic Tracking Project, Salmonid Survival in the North Pacific. 
Abstract N/A
 
David Welch, Chief Scientist, Pacific Ocean Sonic Tracking Project, The 2004 Pacific Ocean Shelf Tracking 
(POST) Project Objectives, Goals, and Initial Results. Abstract [PDF] Document [PDF] 
 
 
Session III: Hatchery Operations, Session Chairs: Dave Celli, Fisheries and Oceans Canada / 
Grant Gale, Freshwater Fisheries Society of BC
 
Jill Rossman, Washington Department of Fish and Wildlife, Murray Creek, "An American Tail". Abstract 
[PDF] Document [PDF]
 
Harold Harty, Nez Perce Tribe, Nez Perce Tribal Hatchery – The Early Years. Abstract [PDF] Document [PDF] 
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Paul Seidel, Washington Department of Fish and Wildlife, A New Model for Hatchery Management: Principles, 
Recommendations and Tools of the Hatchery Scientific Review Group. Abstract [PDF] Document [PDF] 
 
Kathleen Hopper, Long Live the Kings, Hatchery Reform at a Low-tech Hatchery on Orcas Island. Abstract N/
A
 
John Jensen, Fisheries and Oceans Canada, Atlantic Salmon Egg (Salmo salar) and Larval Development and 
Survival Rates at Temperatures Ranging from 4 to 14°C. Abstract [PDF] Document [PDF]
 
Rod Engle, United States Fish and Wildlife Service, Assessments to Determine the Effect of Current and 
Alternate Ladder Operations on Broodstock Collection and Behavior of Hatchery Fall Chinook at Two 
Columbia Gorge National Fish Hatcheries. Abstract [PDF]
 
Annette Hoffman, Washington Department of Fish and Washington, The Role of Hatcheries in Evaluating the 
Success of Mark-Selective Fisheries. Abstract [PDF] Document [PDF] 
 
 
Session IV: Conservation Fish Culture/Recovery Programs, Session Chair: Greg Bonnell, 
Fisheries and Oceans Canada
 
Richard Johnson, Muckleshoot Indian Tribe, The White River Spring Chinook Rebuilding Program - 
Incorporation of Natural Origin Returns into the White River Hatchery Broodstock November 2004. Abstract 
[PDF]
 
Tim Hoffnagle, Oregon Department of Fish and Wildlife, Changes in the Hatchery-Supplemented Imnaha River 
Chinook Salmon Population. Abstract [PDF] Document [PDF] 
 
Doug Hatch, Columbia River Inter-Tribal Fish Commision, A Novel Approach to Steelhead Restoration: 
Reconditioning Post-Spawners. Abstract [PDF] Document [PDF] 
 
David Fast, Yakama Nation Fisheries, Comparison of Juvenile Survival of Spring Chinook (Oncorhynchus 
tshawytcha) Reared under Optimum Conventional Semi-Natural Rearing Treatments in the Yakima River 
Basin, Washington State. Abstract [PDF] Document [PDF]
 
Erika Ammann, University of Toronto, Hatchery Cultivation of Steelhead Trout (Oncorhynchus mykiss) for the 
British Columbia Living Gene Bank Program (1998 - 2004). Abstract [PDF] Document [PDF]
 
Tom Flagg, National Marine Fisheries Service, Redfish Lake Sockeye Salmon Captive Broodstock Program. 
Abstract [PDF] Document [PDF]
 
 
Session V: Sturgeon Culture, Session Chair: Laird Siemens, Freshwater Fisheries Society of BC
 
Paul Anders, S.P. Cramer and Associates, Don’t Save Sturgeon with Salmon Hatcheries: Life History Matters. 
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Abstract [PDF] Document [PDF] 

Sue Ireland, Kootenai Tribe of Idaho, An Adaptive Conservation Aquaculture Program for Endangered 
Kootenai River White Sturgeon: Past, Present, and Future. Abstract [PDF] Document [PDF]

Bill Bennett, Malaspina University-College, Mortality and Growth of White Sturgeon (Acipenser 
transmontanus) Fry Fed “Fish Fudge” Grown in Tanks with Substrates. Abstract [PDF]  Document [PDF] 

Ron Ek, Freshwater Fisheries Society of BC, White Sturgeon Conservation Fish Culture Programs. Abstract 
[PDF] Document [PDF]1 
 
Scott LePatra, Clear Springs Trout Hatchery, Assessment of the Risk of White Sturgeon (Acipenser 
transmontanus) to Become Infected and Potential Carriers of Infectious Pancreatic Necrosis Virus (IPNV). 
Abstract [PDF]
 
 
Session VI: Fish Health, Session Chair: Sherry Guest, Freshwater Fisheries Society of BC
 
Lawrence Durham, Washington Department of Fish and Wildlife, Persistence of Infectious Hematopoietic 
Necrosis Virus (IHNV) in Adult Steelhead Carcasses in Southwestern Washington. Abstract [PDF] Document 
[PDF] 
 
Terry McCarthy, Water Management Technologies, Use of Low Head UV Systems to Control Disease and 
Increase Production at Lahontan National Fish Hatchery. Abstract [PDF] Document [PDF] 
 
Molly Bowman, USFWS, Efforts to Gain an Initial Approval for the use of Florfenicol in the United States. 
Abstract [PDF] 
 
Steve Boggio, Skretting, Control of Coldwater Disease in Yearling Coho Salmon at Washougal Salmon 
Hatchery using the Dietary Stress Response Enhancer Proactive. Abstract [PDF] Document [PDF]
 
Sherry Guest, Freshwater Fisheries Society of BC, Management of Flavobacterium psychrophilum in the 
Freshwater Fisheries Society of BC Hatcheries. Abstract [PDF] Document [PDF] 
 
Elizabeth Crump, Mikrotek Research and Development Ltd., Vaccine Development against Flavobacterium 
psychrophilum, the Causative Agent of Rainbow Trout Fry Syndrome. Abstract [PDF] Document [PDF] 
 
 
Session VII: Fish Culture Technology, Session Chair: Rob Brouwer, Fisheries and Oceans 
Canada
 
Jeremy Redding, Idaho Department of Fish and Game, A Simple Isolation Incubator for Specialized Rearing of 
Salmonid Eggs and First-Feeding Fry. Abstract [PDF] Document [PDF] 
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Tod Jones, Alaska Resource and Economic Development, Moist Incubation and Eyed Egg Planting. Abstract 
[PDF] Document [PDF]
 
Tim Yesaki, Freshwater Fisheries Society of BC, The Large-Scale Production and Post-stocking Evaluation of 
Non-Reproductive Brook Trout (Salvelinus fontinalis) in British Columbia. Abstract [PDF] Document [PDF] 
 
Jack Tipping, Washington Department of Fish and Wildlife, Four New Hatchery Tools at Washington 
Department of Fish and Wildlife Hatcheries. Abstract [PDF] Document [PDF] 
 
Michael Hayes, United States Geplogical Survey, Performance of Steelhead Trout (Oncorhynchus mykiss) 
Produced from Untreated and Cryopreserved Milt. Abstract [PDF] Document [PDF] 
 
 
Back to Table of Contents
 

2004 Northwest Fish Culture Conference Posters
 
Jim Bailey, Golder Associates Inc., Maintaining Optimum Hatchery Well Performance. Abstract[PDF]
 
Anna G. Cavinato, Eastern Oregon University, Classification of Gender and Maturity Status in Chinook 
Salmon by Short Wavelength Near Infrafred Spectroscopy. Abstract [PDF]  Document [PDF] 

Marla Chaney, Oregon Department of Fish and Wildlife, Ultrasound Imaging in Fish Culture Applications. 
Abstract [PDF] Document [PDF]

J.O.T. Jensen, W. Damon, T. Sweeten, W.E. McLean, J. Lawrie, M. Lawrie, and L. Beile, Fisheries and 
Oceans Canada, Short-term Storage of Atlantic Salmon (Salmo salar) gametes at 3 to 12 °C or fertilized eggs at 
8°C. Abstract [PDF] Document [PDF]

William T. Fairgrieve, Pacific States Marine Fisheries Commission, Carlin McAuley and Deborah Frost, 
Northwest Fisheries Science Center, Rearing Strategies for Maintaining Wild-Fish Attributes in Captively-
Reared Redfish Lake Sockeye Salmon. Abstract [PDF] 

Paula Galloway, EWOS Canada Limited, PCBs – The Facts Behind the Headlines. Abstract [PDF] Document 
[PDF]

Loren Jensen, Oregon Department of Fish and Wildlife, Cryopreserved Sperm – How much is enough? How 
much is too much? Abstract [PDF] Document [PDF]

Tom Bell and Bonnie Johnson, U.S. Fish & Wildlife Service, Overview of the Aquatic Animal Drug Approval 
Partnership Program’s New Website and Newsletter. Document [PDF] 

John North, ODFW, Marc Miller, WDFW, Tod Jones, CEDC Fisheries Project, Select Area Fisheries of 

file:///C|/RMPC/NWFCC/2004/cd-index.htm (6 of 8) [7/8/2008 1:39:05 PM]



NWFCC Proceedings

Washington and Oregon, Ten Year Summary. Document [PDF]

T. Linley, D. Russell, M. Betka, J. Nearing and W.H. Harris, MariCal, Inc. Calcium-Sensing Receptor (CaR) 
Activation Enhances Parr-Smolt Transformation in Chinook Salmon. Abstract [PDF] Document [PDF]

Carlin McAuley, Northwest Fisheries Science Center, Application of Captive Broodstock to Preservation of 
ESA-listed Stocks of Pacific Salmon: Redfish Lake Sockeye Salmon Case Example. Abstract [PDF]

W.E. McLean, J.O.T. Jensen, T. Sweeten and W. Damon, Fisheries and Oceans Canada, J. Lawrie and L. 
Beile, Stolt Sea Farm Inc., M. Lawrie, Pan Fish Canada Ltd., Changes in Salmonid Egg Survival after Exposure 
to Mechanical Shock and to Various Concentrations of Iodine. Abstract [PDF] Document [PDF]

Christine Mallette, ODFW, Comparative Analysis of Cost, Coded Wire Tag Retention and Fin Mark Quality 
in Automated and Manual Fish Marking Systems. Abstract [PDF] 

Tyla L. Metzentine, Rod A. French, Oregon Department of Fish and Wildlife, Supplementing Two Ecotypes of 
Steelhead (Oncoryhnchus mykiss) in the Hood River, Oregon – The Achievements and Challenges. Abstract 
[PDF] Document [PDF] 

ZoAnn Morten, Morten Creek Salmon Enhancement Project, Sandie Hollick-Kenyon, Fisheries and Oceans 
Canada, Karen Munro, North Shore Streamkeepers, Hatchery Fish: An Effective Tool for Restoring Salmon 
Runs into Urban Streams. Document [PDF] 

Mark Traynor and Brett Requa, Oregon Department of Fish and Wildlife, Positive Partnerships Provide 
Public with Pristine Pictures of Piscatorial Presence. Abstract [PDF] Document [PDF] 

T. Sweeten, J.O.T. Jensen, and W. Damon, Fisheries and Oceans Canada, W.E. McLean, Consultant, J. Lawrie 
and L. Beile, Stolt Sea Farm Inc., M. Lawrie, Pan Fish Canada Ltd., Changes in Mechanical Shock Sensitivity 
of Atlantic Salmon (Salmo Salar) Eggs during Incubation. Abstract [PDF] Document [PDF] 

Michael Wastel and James Hackett, Northwest Fisheries Science Center, Manchester Seawater Supply System. 
Abstract [PDF]
 
 
Back to Table of Contents
  

Software
 
This section contains Acrobat Reader v6.0 to help view PDF files included on this CD, or visit www.
adobe.com. 
 
 
Back to Table of Contents
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Created by Theresa Godin, Angela Lee, Sara Smith, Leah Efford, Marla Zarelli, Ginny Eccleston, and Tim 
Yesaki
Freshwater Fisheries Society of BC. 
 

2 
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“The People Producing Salmon” 
by Kathryn Kostow 1 

 
“The People Producing Salmon” is inspired by the art of Northwest Native 
American.  It represents a team effort between the human people and the salmon 
people to produce salmon.  Since it was created for the 1997 Northwest Fish 
Culture Conference, it can be taken as a literal “production” of salmon.  
Alternatively, it can represent the broader effort underway in the Northwest to 
improve conditions for, and therefore the production of, salmon. 
 
The salmon people are represented by a ripe father salmon (in blue) and mother 
salmon (with red eggs).  They carry in their bodies the essence of their people 
spirits, represented by the faces in their eyes and hearts.  Of course, the salmon 
people are the star players in the production of salmon. 
 
The human hands, passing eggs and milt, represent the human involvement in the 
production of salmon.  But the human face in the center looks both concerned and 
uncertain.  In the head of the human is the concept of a salmon, but the concept is 
confused and incomplete.  These aspects represent the concern, but also the debate 
and uncertainty, inherent in our efforts to improve Northwest salmon populations. 

                                                 

 1Kathryn Kostow, the artist, is employed by the Oregon Department of Fish and Wildlife.  
She prepared this background statement concerning this artwork.  Ms. Kostow has generously 
allowed the Northwest Fish Culture Conference to use this artwork as its official logo. 



NORTHWEST FISH CULTURE CONFERENCE 
HISTORICAL RECORD 

  
YEAR 

 
LOCATION 

 
HOST AGENCY 

 
CHAIRMAN  

1950 
 
Portland, OR 

 
U.S. Fish and Wildlife Service 

 
Ted Perry  

1951 
 
Wenatchee, WA 

 
U.S. Fish and Wildlife Service 

 
Roger Burrows  

1952 
 
Seattle, WA 

 
Washington Department of Fisheries 

 
Bud Ellis  

1953 
 
Portland, OR 

 
Fish Commission of Oregon 

 
Fred Cleaver  

1954 
 
Seattle, WA 

 
U.S. Fish and Wildlife Service 

 
Bob Rucker  

1955 
 
Portland, OR 

 
Oregon Game Commission 

 
John Rayner  

1956 
 
Seattle, WA 

 
Washington Department of Game 

 
Cliff Millenbach  

1957 
 
Portland, OR 

 
U.S. Fish and Wildlife Service 

 
Harlan Johnson  

1958 
 
Seattle, WA 

 
Washington Department of Fisheries 

 
Bud Ellis  

1959 
 
Portland, OR 

 
Fish Commission of Oregon 

 
Ernie Jeffries  

1960 
 
Olympia, WA 

 
Washington Department of Game 

 
John Johansen  

1961 
 
Portland, OR 

 
Oregon Game Commission 

 
Chris Jensen  

1962 
 
Longview, WA 

 
U.S. Fish and Wildlife Service 

 
Roger Burrows  

1963 
 
Olympia, WA 

 
Washington Department of Fisheries 

 
Bud Ellis  

1964 
 
Corvallis, OR 

 
Oregon State University 

 
John Fryer  

1965 
 
Portland, OR 

 
U.S. Fish and Wildlife Service 

 
John Halver  

1966 
 
Portland, OR 

 
Fish Commission of Oregon 

 
Wally Hublou  

1967 
 
Seattle, WA 

 
University of Washington 

 
Loren Donaldson  

1968 
 
Boise, ID 

 
Idaho Department of Fish and Game 

 
Paul Cuplin  

1969 
 
Olympia, WA 

 
Washington Department of Game 

 
John Johansen  

1970 
 
Portland, OR 

 
Oregon Game Commission 

 
Chris Jensen  

1971 
 
Portland, OR 

 
U.S. Fish and Wildlife Service 

 
Marv Smith  

1972 
 
Seattle, WA 

 
Washington Department of Fisheries 

 
Dick Noble  

1973 
 
Wemme, OR 

 
Oregon Fish Commission 

 
Ernie Jeffries  

1974 
 
Seattle, WA 

 
University of Washington 

 
Ernie Salo  

1975 
 
Otter Crest, OR 

 
Oregon State University 

 
Jack Donaldson  

1976 
 
Twin Falls, ID 

 
University of Idaho 

 
Bill Klontz  

1977 
 
Olympia, WA 

 
Washington Department of Game 

 
Jim Morrow  

1978 
 
Vancouver, WA 

 
U.S. Fish and Wildlife Service 

 
Dave Leith  

1979 
 
Portland, OR 

 
Oregon Department of Fish and Wildlife 

 
Ernie Jeffries  

1980 
 
Courtenay, B.C. 

 
Fisheries & Oceans, Canada 

 
Keith Sandercock  

1981 
 
Olympia, WA 

 
Washington Department of Fisheries 

 
Will Ashcraft     



 
 -ii-

 
YEAR 

 
LOCATION 

 
HOST AGENCY 

 
CHAIRMAN 

1982 Gleneden Beach, OR National Marine Fisheries Service Einar Wold  
1983 

 
Moscow, ID 

 
University of Idaho & 
Idaho Department of Fish and Game 

 
Bill Klontz & Evan 
arrish P 

1984 
 
Kennewick, WA 

 
Washington Department of Game 

 
Jim Gearheard  

1985 
 
Tacoma, WA 

 
U.S. Fish and Wildlife Service 

 
Ed Forner  

1986 
 
Eugene, OR 

 
Oregon Department of Fish and Wildlife 

 
Chris Christensen  

1987 
 
Tacoma, WA 

 
Washington Department of Fisheries 

 
Will Ashcraft  

1988 
 
Richmond, B.C. 

 
B.C. Ministry of Environment 

 
Don Peterson & 
eter Brown P 

1989 
 
Gleneden Beach, OR 

 
National Marine Fisheries Service 

 
RZ Smith  

1990 
 
Boise, ID 

 
Idaho Department of Fish and Game 

 
Bill Hutchinson  

1991 
 
Redding, CA 

 
California Department of Fish and Game 

 
Ken Hashagen  

1992 
 
Wenatchee, WA 

 
Washington Department of Wildlife & 
Alaska Department of Fish and Game 

 
John Kerwin & 
Irv Brock  

1993 
 
Spokane, WA 

 
U.S. Fish and Wildlife Service 

 
Ed Forner  

1994 
 
Sunriver, OR 

 
Oregon Department of Fish and Wildlife 

 
Rich Berry  

1995 
 
Fife, WA 

 
Washington Department of Fish and 

ildlife W

 
Larry Peck 

 
1996 

 
Victoria, B.C. 

 
B.C. Ministry of Environment, Lands and 
Parks & 
Department of Fisheries and Oceans 

anada C

 
Don Peterson & 
Greg Bonnell 

 
1997 

 
Gleneden Beach, OR 

 
National Marine Fisheries Service 

 
RZ Smith  

1998 
 
Boise, ID 

 
Idaho Department of Fish and Game 

 
Tom Rogers  

1999 
 
Seattle, WA 

 
U.S. Fish and Wildlife Service 

 
Ray Brunson  

2000 
 
Sacramento, CA 

 
California Department of Fish and Game 

 
Judy Urrutia  

2001 
 
Portland, OR 

 
Oregon Department of Fish and Wildlife  

 
Trent Stickell & 

eorge Nandor G 
2002 

 
Bellingham, WA 

 
Washington Department of Fish and 

ildlife W

 
John Kerwin 

 
2003 

 
Portland, OR 

 
NOAA Fisheries- NW Region & NW 

isheries Science Center F

 
RZ Smith & Tom 

lagg F 
2004 

 
Victoria, B.C. 

 
Freshwater Fisheries Society of BC & 
Department of Fisheries and Oceans 
Canada 

 
Ray Billings & 
Roberta Cook 

 



NWFCC 2004 Vendors 
(at time of printing) 

 
Bio-Oregon, Inc 
Walter Kost 
1935 NW Warrenton Drive 
Warrenton, Oregon  97146 
Phone: (503)861-2256 
Fax:     (503)861-3701 
Email: biooreg@pacifier.com 

Christensen Net Works 
Britt Holmes 
5510A Nielsen Avenue 
Ferndale, Washington  98248 
Phone: (360)384-1446 
Fax:     (360)312-8996 
E-mail: sales@cnwnetting.com 

Dynamic Aqua-Supply Ltd. 
Dean Tremblay 
#112-8299 129th Street 
Surrey, British Columbia  V3W 0A6 
Phone: (604)543-7504 
Fax:     (604)543-7604 
Email: dean@dynamicaqua.com 

EWOS Canada Ltd. 
Paula Galloway 
1720-14th Avenue 
Campbell River, BC   V9W 8B9 
Phone: (888)673-9993 
Fax:     (250)286-0788 
Email: paula.galloway@ewos.com 

Harper Brush Distributor’s Inc. 
Ken Taylor 
801 Kirklar 
P.O. Box 2185 
Renton, Washington  98056 
Phone: (800)344-2074 
Fax:     (425)235-6709 
Email: kwt2432@hotmail.com 

Hatchery International 
Jeremy Thain 
4623 William Head Road 
Victoria, British Columbia  V9C 3Y7 
Phone: (250)478-3982 
Fax:     (250)474-3979 
Email: sales@hatcheryinternational.com 
 

Innovative Coating Solutions, Inc. 
Jay Glover 
509 California Court  
Vancouver, Washington  98661 
Phone: (360)907-4446 
Fax:     (360)694-4657 
Email: jay@icslinings.com 

Jensorter, LLC 
Kurt Stelk 
20756 High Desert Court, Suite 6 
Bend, Oregon  97701 
Phone: (541)389-3591 
Fax:     (541)389-0050 
Email: kurt@jensorter.com 
 

Freshwater Fisheries Society of BC 
Brian Chan 
1259 Dalhousie Drive 
Kamloops, BC  V2C 5Z5 
Phone: (250)371-6250 
Fax:     (250)828-4000 
Email: Brain.Chan@gofishbc.com  

The Lynch Co., Inc. 
Martin Ralston 
4706 SE 18th

Portland, Oregon  979202 
Phone: (503)236-3825 
Fax:     (503)238-4550 
Email: jill@lynchcompany.net 
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Magic Valley Heli-Arc & Mfg. Inc. 
Louie Owens 
198 Freigh 
P.O. Box 511 
Twin Falls, Idaho  83303 
Phone: (208)733-0503 
Fax:     (208)733-0544 
Email: louie@aqualifeproducts.com 

Marisource 
Michelle Radin 
7213 45th Street. Ct. East 
Fife, Washington  98424 
Phone: (253)922-2700 
Fax:     (253)284-9112 
E-mail: michelle@flex-a-lite.com 

Nelson & Sons / Silver Cup Fish Feed 
Chris Nelson 
P.O. Box 57428 
Murray, Utah  84157 
Phone: (800)521-9092 
Fax:     (801)266-7126 
Email: chris@silvercup.com  

Northwest Marine Technology 
Lee Blankenship 
955 Main Lane SW 
Tumwater, Washingtion  98501 
Phone:  (360)596-9400 
Fax:      (360)596-9405 
Email: lee.blankenship@nmt.us 

Point Four Systems Inc. 
Brian Hirsch 
100-13720 Mayfield Place 
Richmond, British Columbia  V6V 2E4 
Phone: (604)273-9939 
Fax:     (604)273-9937 
Email: bhirsch@pointfour.com 

PRAqua Supplies 
Wayne Gorrie 
1631 Harold Road 
Nanaimo, British Columbia  V9X 1T4 
Phone: (250)754-4844 
Fax:     (250)754-9848 
Email: wayne@praqua.com 

Raincountry Refrigeration, Inc. 
Mark Vondrachek 
1610 6th Street 
Bellingham, Washington  98225 
Phone: (360)671-9165 
Fax:     (360)676-8674 
Email: 
raincountryrefrigeration@comcast.net 

Rangen, Inc. 
Leon Klimes 
115 13th A 
P.O. Box 706 
Buhl, Idaho  83316 
Phone: (208)543-6421 
Fax:     (208)543-4698 
Email: aquaculture@rangen.com  

Redfish Services 
Victor Ewert 
Box 143 
Hedley, British Columbia  V0X 1K0 
Phone: (250)292-8087   
Fax:      
Email: v_ewert@hotmail.com 

Skretting 
James MacNeill 
1240 East Kent Avenue, 
Vancouver, BC  V5X 2Y2 
Phone: (800)663-8258 
Fax:     (604)325-2884 
Email: jim.macneill@nutreco.com 
 



NWFCC 2004 Vendors 
(at time of printing) 

 
 
Water Management Technology 
Terry McCarthy 
6951 Exchequer Drive 
Baton Rouge, Louisiana  70809 
Phone: (255)755-0026 
Fax:  
Email: terry@w-m-t.com 

Western Chemical Inc. 
Ron Secor 
1269 Lattimore Road 
Ferndale, Washington  98248 
Phone: (360)384-5898 
Fax:  
Email: wci@premier1.net 

 



New Challenges, New Opportunities 
 

Don Peterson, President, Freshwater Fisheries Society of BC, Biological Support and 
Evaluation Unit, PO Box 9383, Victoria, BC, V8W 9M7.  Tel: (250) 414-4200.   
Email: don.peterson@gofishbc.com. 
 
 
Summary 
Fish Culture organizations in the Pacific Northwest are facing one of the most challenging 
periods in their histories.   A fundamental shift in how public hatchery programs are being 
delivered is taking place in response to new wild fish management policies.  Some jurisdictions 
are more advanced in planning their response than others and Washington State’s Hatchery 
Reform Project is discussed as an example of an approach others can learn from.  Public 
hatchery programs are encouraged to get involved with fishery managers and stakeholders when 
hatchery reforms are being developed for their jurisdiction.  Hatchery programs should also be 
more strategic, willing to seize opportunities and create alliances with public, private and non-
government organizations to help further wild fish recovery and sustainable fishing 
opportunities. 
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Reform Project is discussed as an example of an approach others can learn from.  Public 
hatchery programs are encouraged to get involved with fishery managers and stakeholders when 
hatchery reforms are being developed for their jurisdiction.  Hatchery programs should also be 
more strategic, willing to seize opportunities and create alliances with public, private and non-
government organizations to help further wild fish recovery and sustainable fishing 
opportunities. 
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NEW CHALLENGES, NEW OPPORTUNITIES  

 
Don Peterson, President 

Freshwater Fisheries Society of B.C. 
 
It is a real pleasure and an honour to welcome you to the 55th Annual Northwest Fish Culture 
Conference.  On behalf of the Province of British Columbia and the two organizations that are 
co-hosting this year’s conference: the Freshwater Fisheries Society of BC; and, Fisheries and 
Oceans Canada; I want to wish you a very successful and productive conference and a most 
enjoyable stay in Victoria. 
 
“New Challenges, New Opportunities” is a very appropriate theme for the Northwest Fish 
Culture Conference in 2004. 
 
I think most of you would agree that there has never been a time of greater challenge for the 
people who work in public fish culture organizations.  Whether you are a fish culturist, a 
hatchery manager, a biologist, or an administrator, you are likely facing one of the most 
challenging periods of your career. 
 
Apart from the usual challenges of doing more with less, working with an aging workforce, 
changing technology and deteriorating facilities, we are now facing a fundamental shift in 
hatchery programs driven by wild fish management policies.  Major hatchery program changes 



are probably either underway or under consideration in all of the jurisdictions represented at this 
conference.  This shift presents fish culture organizations with huge challenges but also some 
significant opportunities. 
 
Traditional hatchery programs were developed as mitigation for industrial developments like 
dams.  Fish production facilities functioned like “factories” efficiently pumping out large 
numbers of young fish to support commercial, recreational and First Nations fisheries.  Consider 
the Columbia Basin where the largest concentration of major salmon and steelhead hatcheries 
was developed in response to the construction of some 100 dams.  These hatchery programs were 
largely successful – consider that 90% of all salmon returning to the Columbia in recent years are 
of hatchery origin.  For some species of hatchery fish, such as Chinook salmon, returns to the 
river now exceed the numbers of salmon produced in the Columbia before the dams. 
 
In recent years concern for the failing status of wild fish has come to the fore and conventional 
hatchery programs and hatchery fish have increasingly been implicated as a threat to wild fish.  
Many hatchery programs have come under attack – not only by members of the broader 
scientific community but also by conservation interests within our own departments.  While it is 
easy for the people to feel underappreciated by all this critical attention it is important to 
remember that hatcheries and fish culturists are not the problem – hatchery program design is the 
problem. 
 
How have the states, provinces, federal and tribal fisheries organizations changed their hatchery 
program design in response to wild fish policies?  I think this varies a great deal with some 
agencies much further advanced than others.  Perhaps one of best examples is Washington 
State’s Hatchery Reform Project.  This $28M, 4 year study was carried out with representatives 
of state, federal and tribal agencies plus independent members from Universities and Fisheries 
and Oceans Canada.  The final report essentially provides a blueprint for hatchery reform within 
Washington salmon and steelhead hatchery programs.  The report bears careful study by all of us 
involved in public hatchery programs and presents an excellent example of a process for other 
jurisdictions to consider. 
 
Some key messages from this report include: 
 
• All hatcheries should make a choice – either they are in business to produce fish for 

commercial or recreational fisheries OR, you’re there to help wild fish. 
If a hatchery chooses the former – production of fish for harvest – steps must be taken to 
keep those fish away from interactions with wild fish populations. 

• If a hatchery is in business to help wild fish – it must follow certain science based principles 
and practices to ensure the genetic integrity of the stock is sustained. 

• Hatcheries should shift from a focus on mass production to one where fish produced would 
be balanced with the capacity of the environment to support that production – no more 
churning out millions of fish without consideration of habitat capacity. 

 
Essentially the Hatchery Reform project directs that hatcheries should be viewed as a PART of a 
larger natural system – an extension of the natural habitat.  I think most of us can get behind such 



a concept.  In the case of Washington about 1/3 of their major hatcheries are now used for wild 
stock recovery efforts. 
 
It is critical that fish culture organizations recognize early that hatchery reforms are coming and 
begin to actively plan for change.  Often fish culture organizations are the best organized 
component of broader fisheries management departments – we need to use our organizational 
strengths, our innovative and progressive management approaches to prepare our people and our 
facilities.  Most importantly, we need to work with fisheries management and outside interests 
throughout the planning process to ensure that any hatchery reforms that are developed will meet 
the needs of wild fish and the needs of the commercial, First Nations and sport fishery interests. 
 
We also must remain mindful of opportunities that may come available when program changes 
take place.  A small example: when the BC fish culture organization recognized that the growing 
emphasis on wild fish management was threatening our small lakes stocking program, we led the 
development of sterile and all-female forms of several trout and char strains.  Initially, the 
rationale for sterile production was to ensure stocking programs could continue without 
impacting wild fish stocks.  Interestingly, sterile forms of trout and char has now become 
widespread in the province due to their popularity as a game fish – big, silver bright fish year 
round – the anglers love them.  This program, which initially was developed to mitigate for 
potential wild stock conflicts turned into an opportunity for our organization and the province to 
strengthen the recreational fishery. 
 
As public fish culture organizations there is little doubt we are facing one of the most 
challenging period in our histories.  There are several things we need to keep in mind as we 
move forward: 
 
1) Think strategically!  Be a part of the process of change in order to influence how programs 

will evolve to meet the new public priorities. 
2) Learn from each other!  Some jurisdictions are much more advanced than others in facing the 

fundamental shift in the role of public hatchery programs. 
3) Seize opportunities!  We need to be ever mindful of the opportunities that may present 

themselves as we face the challenges – sometime those dark clouds do have silver linings. 
4) Create alliances!  Fish culture organizations can no longer thrive on our own.  We need to 

become more active in fostering partnerships with others - both in the wild fish recovery area 
and in enhancing fishery opportunities. 

 
I also believe that in the coming years the role of the Northwest Fish Culture Conference will 
become even more important than ever as a forum for fish culture people to come together to 
learn about how we have individually faced our challenges and opportunities. 
 
Once again, thank you very much for your time and I hope everyone has a successful conference. 
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Abstract 
 
Of the many technologies used by the Canadian Salmonid Enhancement Program (SEP, established in 1979), hatcheries have been a 
major tool used to increase the freshwater survival of selected wild, native stocks of coho, chinook and chum salmon, both to address 
conservation concerns and to provide fishing opportunities. SEP hatcheries have contributed substantially to the fisheries for coho and 
chum salmon, and less so to the fisheries for chinook salmon. Although hatcheries have successfully provided high survival 
environments in fresh water, once released, artificially-propagated fish are subject to the same environmental constraints and high 
mortality rates as are naturally-propagated fish. Wild fish from both these components of coho and chinook salmon stocks 
encountered substantially lower marine survival in the 1990s compared to the 1980s. SEP tag studies show that marine survivals of 
hatchery salmon stocks have also been extremely variable, in spite of fairly consistent smolt release strategies. The approach taken by 
SEP to fully integrate hatchery and naturally-produced components of endemic wild stocks of Pacific salmon, in conjunction with 
improvements in habitat and harvest management, should maximize long-term stock viability in Canada. 
 
**This paper is a synopsis of the following published paper: MacKinlay, D. D., S. Lehmann, J. Bateman, and R. Cook. 2004. Pacific 
salmon hatcheries in British Columbia. Pages 57–75 in M. J. Nickum, P. M. Mazik, J. G. Nickum, and D. D. MacKinlay, editors. 
Propagated fish in resource management. American Fisheries Society, Symposium 44, American Fisheries Society, Bethesda, 
Maryland. 
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Abstract 
Of the many technologies used by the Canadian Salmonid Enhancement Program (SEP, 
established in 1979), hatcheries have been a major tool used to increase the freshwater survival 
of selected wild, native stocks of coho, chinook and chum salmon, both to address conservation 
concerns and to provide fishing opportunities. SEP hatcheries have contributed substantially to 
the fisheries for coho and chum salmon, and less so to the fisheries for chinook salmon. 
Although hatcheries have successfully provided high survival environments in fresh water, once 
released, artificially-propagated fish are subject to the same environmental constraints and high 
mortality rates as are naturally-propagated fish. Wild fish from both these components of coho 
and chinook salmon stocks encountered substantially lower marine survival in the 1990s 
compared to the 1980s. SEP tag studies show that marine survivals of hatchery salmon stocks 
have also been extremely variable, in spite of fairly consistent smolt release strategies. The 
approach taken by SEP to fully integrate hatchery and naturally-produced components of 
endemic wild stocks of Pacific salmon, in conjunction with improvements in habitat and harvest 
management, should maximize long-term stock viability in Canada. 
 
**This paper is a synopsis of the following published paper: MacKinlay, D. D., S. Lehmann, J. 
Bateman, and R. Cook. 2004. Pacific salmon hatcheries in British Columbia. Pages 57–75 in M. 
J. Nickum, P. M. Mazik, J. G. Nickum, and D. D. MacKinlay, editors. Propagated fish in 
resource management. American Fisheries Society, Symposium 44, American Fisheries Society, 
Bethesda, Maryland. 
 
Introduction 
The Salmonid Enhancement Program (SEP) was initiated in 1977-79 with the long term goal of 
doubling salmon catches in B.C. SEP consisted of an ambitious program of hatcheries, spawning 
channels, obstruction removal, lake enrichment and other enhancement techniques, in a process 
that included oversight and involvement by a wide range of interested parties, particularly local 
community and resource-user groups. 
 
Unlike other salmon hatchery programs in the Pacific Northwest, which had transplanted fish 
from one watershed to another without concern for local adaptation (Taylor 1999), the SEP was 
specifically designed to enhance the freshwater productivity of wild, native salmon stocks. The 
best genetic and fish-culture information was gathered from the successes and failures of 
previous programs in the U.S.A. and Japan to ensure that the fish temporarily raised in hatcheries 
and other enhancement projects maintained their genetic adaptation to the natural environment. 
SEP facilities only enhance wild salmon − no domesticated stocks have ever been introduced and 
no evidence of any in-hatchery selection (domestication) that is outside the normal range of 
naturally-produced salmon populations has ever been detected. While fish reared in a hatchery 
may appear slightly different (e.g. in body size, shape or colour, or in some behaviors) because 
of artificial rearing conditions, they are genetically the same as their naturally-produced cousins, 

 



and these superficial differences fade away as the fish adapt to oceanic conditions (MacKinlay 
and Howard 2002). 
 
The main goals of the SEP have changed somewhat since its inception, with less emphasis on 
fish production for harvest, and more emphasis on conservation and the integration of 
enhancement, habitat and harvest activities (Perry 1995). The current goals can be summarized 
as follows: 
• Restore depleted stocks to higher levels of abundance (by increasing freshwater survival 

directly using hatcheries and spawning channels or indirectly through habitat improvement); 
• Mitigate for major habitat losses (including from dams and urbanization impacts); 
• Provide for harvest opportunities (especially for terminal or selective fisheries). 
• Re-establish extirpated stocks (by introduction of fish from similar stocks into abandoned, 

and presumably under-utilized, habitat); 
 
The approach taken in the SEP meets or exceeds the recommended guidelines for the use of 
cultured fish in resource management, as outlined by the American Fisheries Society 
(Anonymous, 1995). In short, those guidelines recommend that the following categories be 
considered before implementing a stocking program: 
• Biological Feasibility: assessment of the carrying capacity of the target ecosystem was 

covered by the extensive bio-reconnaissance and feasibility studies done by SEP prior to 
implementation of all Major Facilities. 

• Effects Analysis: the main problem of genetic effects from introduced fish on local 
populations is not a concern when the cultured fish are from the local, wild population. 

• Economic Evaluation: SEP carried out thorough benefit: cost analyses on all major projects, 
including non-monetary criteria. 

• Public Involvement: encouragement of public participation has been a mainstay of the SEP. 
• Interagency Cooperation: another major part of the SEP original structure. 
• Administrative Considerations: clear management objectives, operational guidelines for each 

facility and strategic plans both for biological and agency processes have been part of SEP's 
continual redefinition of itself since its inception. 

 
SEP hatcheries fall into three main categories: 
• Major Facilities: Currently 18 facilities are operated by professional fish culturists who are 

government employees (two projects are contracted out) and who follow relatively consistent 
procedures, with technical oversight from regional specialists (biologists, data managers, 
engineers, administrators, etc.).  

• Community Development Projects (CDP): Currently 21 facilities are operated by employees 
of local community groups under contract to the government, with technical oversight from 
local community advisors.  

• Public Involvement Projects (PIP): These projects are operated mostly by volunteer and part-
time staff, with some technical assistance from community advisors. There are currently 178 
PIPs, incorporating a wide range of sizes, from classroom incubators to quite substantial 
hatcheries. The active volunteer workforce in all SEP hatcheries amounts to about 10,000 
people, with about double that number being involved in additional projects in public 
education and habitat improvement. 

 



The SEP was incorporated into a new Habitat and Enhancement Branch (HEB) in 1996, with no 
substantive changes in the role or operation of hatcheries, save ongoing budgetary shortfalls. 
 
This paper concentrates on coho, chinook and chum salmon that are raised in Major Facility 
hatcheries. It does not discuss SEP spawning channels, incubation boxes, engineered side-
channels, fish passage projects, lake enrichment, classroom incubators or the myriad habitat 
restoration, conservation or creation projects that have been carried out to improve the freshwater 
survival of salmon beyond the 'natural' conditions. 
 
Fish Culture Strategies and Guidelines in SEP 
The strategy for enhancing populations of local, wild salmon in SEP hatcheries has been to 
mimic the optimal natural conditions and life history characteristics of each species as much as 
possible, in a program that integrates (HSRG 2003) the naturally-produced and hatchery-
produced portions of the target wild stocks. This is compatible with current scientific thought on 
minimizing negative effects from fish culture operations on the 'wildness' of salmon stocks 
(Miller and Kapuscinski 2003). The SEP strategy includes: 
• Using local broodstock wherever possible (over 95% of cases); 
• Using mating procedures that provide adequate genetic diversity (no bulk spawning, use of 

matrix spawning for small groups); 
• Taking eggs from broodstock throughout the extent of the natural spawning timing; 
• Releasing smolts at a similar weight to the best-surviving naturally-produced migrants, so 

that they migrate quickly and avoid freshwater interactions; 
• Timing releases to coincide with natural migrations, usually with volitional release. 
 
Different stocks of the same species exhibit different life-history strategies (i.e., length of time 
spent in freshwater or the ocean) due to natural variability within acceptable limits or in response 
to different environmental conditions (Groot and Margolis 1991). However, the 'natural' 
conditions that are observed are often not 'optimal' for that stock because of varying constraints 
to its productivity (low nutrients, cold water incubation or rearing). In general, SEP has 
employed very similar strategies (the ones with the best proven survival record) for each species 
regardless of which stock was being reared. For the common species, these strategies are: 
 
Coho - Hatchery production of coho usually involves incubation in stacked trays and rearing in 

concrete or earthen channels to the smolt stage of 15-25 g for release in the spring. This 
requires incubation and rearing for 1.5 years in fresh water, as is the normal condition for 
most naturally-produced coho (Sandercock 1991). 

 
Chinook - Chinook culture uses the same basic techniques as coho production but, because some 

chinook projects handle very large numbers of fish, there is more use of bigger containers 
(bulk incubators, large raceways). Smolt size is much smaller for chinook (3-8 g) than 
coho, so incubation and rearing can be completed for spring release the year following 
spawning, as is common for coastal and southern chinook stocks.  Most non-coastal 
stocks are reared for a year (to 15-20 g) in fresh water, as is the condition for naturally-
produced inland chinook (Healey 1991). 

 

 



Chum - The Japanese hatchery technique for enhancing chum salmon was adopted with little 
modification by SEP (McNeil and Bailey 1975). This involves bulk incubation to the 
eyed stage, placement in gravel-lined channels until swim-up, then rearing in concrete 
raceways to the 1-3 g size for release in the spring. Naturally-spawned chum salmon 
normally migrate to estuarine areas immediately upon emergence from the gravel, but a 
short-term of feeding in fresh water has been shown to give a substantial increase in 
marine survival (Salo 1991). 

 
Despite their initial time in the hatchery, SEP fish spend by far the bulk of their lives (and gain 
more than 99% of their body mass) in the natural environment (Table 1). There they are subject 
to the same selective pressures as naturally-produced fish, so we expect very little selective 
pressure to cause deviation from the wild genetic composition and adaptability to the natural 
environment (Amend et al. 2002). The hatchery environment is not as rigorous (deadly) as 
nature, so we also expect that hatchery fish require some initial acclimation period after release 
(with attendant increased mortality), to prepare them physiologically and behaviourally for the 
rest of their lives. 
 
Table 1. Average Size at Release and Maturity, and Duration of Hatchery Phase, for SEP 
Salmon. 
Species Juvenile Size at 

Release 
Adult Size at 

Maturity 
Release as % 
of Adult Size 

Coho 20 (15-25) g 5 kg 0.4 
Chinook 5 (3-8) g 15 kg 0.03 
Chum 2 (1-3) g 10 kg 0.02 
Sockeye .15 g 7 kg 0.002 
Pink .1 g 2 kg 0.005 
Steelhead 80 (60-100) g 5 kg 1.6 
 
Species Total Time in 

Hatchery 
Total Length 
of Life (Age) 

Hatchery Time 
as % of Total 

Coho 10 mo. 36 mo. 27.8 
Chinook 3 mo. 48 mo. 6.3 
Chum 2 mo. 48 mo. 4.2 
Sockeye N/A 48 mo. 0 
Pink N/A 24 mo. 0 
Steelhead 10 mo. 36 mo. 27.7 
 
SEP hatcheries follow a wide range of operational guidelines that are in a constant state of re-
evaluation and renewal. These are generally meant to minimize the potential negative effects and 
maximize the potential positive effects of the hatchery on adjacent non-enhanced stocks. They 
include: 
• Genetic Guidelines for Broodstock Collection and Spawning (including Stock Recovery 

Guidelines) 
• Genetic Guidelines for Incubation, Rearing and Release  
• Guidelines for Small Scale Enhancement for Educational Purposes 
• Captive Broodstock Program Guidelines 

 



• Introductions and Transfer Guidelines 
• Carcass Placement Guidelines 
• Coho Fry Planting Guidelines 
• Sockeye Culture Guidelines 
• Fish Health Management Plans 
 
Program Evaluation 
SEP incorporated an intensive assessment component from the program outset and is arguably 
one of the most frequently-evaluated programs in the Canadian government, with major 
evaluations being conducted almost every year from the mid-1980s to the mid-1990s (1985, 
1988, 1989, 1992, 1993, 1994) by the Department of Fisheries and Oceans Internal Audit and 
Evaluation Branch or by economic or management consultants. The SEP assessment 
methodology for component projects was developed to support these evaluations. Regardless of 
project size, all SEP production has been assessed, with the assessment method dependent on the 
species and enhancement technology employed.  Assessment includes estimates of total 
production and contribution of enhanced fish to the fisheries and escapement for each project, 
and for the program as a whole.  

Methods 
Release Numbers 
Releases from hatcheries were enumerated from hatchery records by subtracting egg and fry 
mortalities from the number of eggs taken, or by subtracting fry mortalities from fry counted 
during marking. All release data originating from projects funded by or receiving technical 
support from the DFO’s Habitat and Enhancement Branch (which includes SEP) are reported 
and stored in a centralized database maintained by HEB.  Copies of these data are also provided 
to the Regional Mark Recovery Program database (Kuhn et al. 1988) and to the coast-wide 
database maintained by the Pacific States Marine Fisheries Commission. Data for this report 
were extracted from the HEB database and included information only for projects using hatchery 
technology.  Migration data from spawning channels were not included.  Also, release data for 
Provincial trout facilities and some aboriginal community projects funded outside of HEB were 
not included.  Release information is presented in Figure 1.    

Marine Survival 
Marine survival for each tag code or fin clip was calculated by dividing the total recovery of 
marked fish in the catch and escapement for all age classes by the total number of marked fish 
released.  Only those tag codes and fin clips where both the catch and escapement were sampled 
for marks were included in the analysis.  Survival was calculated for each individual tag code 
representing releases of: 

• 15-25 gram yearling coho smolts from coastal hatcheries 
• 3-8 gram sub-yearling chinook smolts from coastal hatcheries  
• 1-3 gram spring releases of chum fed fry 

 
Data to calculate survivals of two naturally-produced coastal coho stocks (Black Creek on the 
east coast of Vancouver Island and Salmon River in the Lower Fraser) were also taken from the 
mark recovery database. 
 

 



Data were plotted on a logarithmic scale for a large number of tag codes for each species 
(Figures 2-4).   Release groups often had more than one tag code representing their production.  
This was a function of the lot sizes of tag codes available and, since these lots were not applied 
randomly, they cannot generally be considered to be true replicates.  
 
Fish Culture Evaluation 
There is also an extensive system of record keeping for fish culture data (disease history, feed 
rates, growth and survival rates, etc.).  The performance of SEP hatcheries is monitored 
following rigorous in-hatchery data collection procedures. Information is stored in on-site 
databases and summarized in the regional headquarters. The tables and figures presented in this 
report were prepared using data submitted by the hatcheries in their brood reports. Figure 10 was 
constructed from a database including 30 hatchery projects over a period of 30 years; plotting the 
egg to smolt survivals (the product of the egg-to-fry and the ponding-to-release survivals) for 
each species.  
 
Results and Discussion 
Hatchery releases of coho, chinook and chum salmon increased dramatically in the 1980s as new 
facilities came on line, and broodstock numbers increased with increasing returns of enhanced 
fish (Figure 1). The decline in stock abundance, as indicated by catch decreases (although recent 
catch decreases reflect closure of fisheries due to conservation concerns) is also evident in the 
post-release survival of coho from SEP hatcheries during the 1990s (Figure 2). This graph 
summarizes the results of coded-wire tag studies of over 750 groups of coho smolts weighing 15-
25 g released from coastal hatcheries (Major Facilities) during the period of record. Each 
individually identifiable release group was made up of 10,000-50,000 tagged fish. Survivals 
were calculated from tag recoveries in fisheries and escapements, expanded to consider factors 
such as capture and sampling rates (Kuhn et al. 1988).  
 
The striking feature of this graph is the wide intra-annual variation in survival, even on a 
logarithmic scale. As the survival rate declined, the variation in survival rates increased, partly 
because the precision of the estimate is degraded by a reduced tag recovery rate caused by fewer 
returning fish (Kuhn et al. 1988). The same decreasing survival trend is seen from tags placed on 
naturally-produced fish (dark lines from Black Cr. and Salmon R. in Figure 8). This decrease in 
marine survivals upholds the evidence from a variety of sources that the North Pacific was in a 
state of low productivity in the 1990s (Beamish and Noakes 2002), and shows a marked decline 
compared to a previous update of coho survivals (Cross et al. 1991). 
 
Tagged groups of chinook salmon show a similar extremely wide intra-annual variation in 
survival rates, with a noticeable declining trend throughout the 1990s (Figure 3). As with coho, 
some of this variation may be due to differences in the rearing conditions in the hatchery (feed 
types, feeding rates, rearing conditions, disease history or treatments, release size and timing) but 
the group-to-group, hatchery-to-hatchery and year-to-year variation indicates that such fish 
culture differences have minor effects on overall survival. 
 
Chum salmon marine survivals have similar degrees of intra-annual variation as coho and 
chinook, but do not show a clear declining trend during the 1990s (Figure 4). This may indicate 

 



that they feed in a distinctly different niche in the ocean than do the other two species (Bakun 
1996; Williams 1992).  
 
In contrast to decreased survivals observed after release, survival during incubation and rearing 
in the hatcheries has generally increased during SEP's history (Figure 5), probably due to 
refinement of fish culture techniques. This trend does not appear to be caused by any kind of 
domestication effect because both high and low survivals have been as likely to occur in stocks 
that have never been cultured before, as they have in stocks that have gone through several 
generations of hatchery incubation and rearing. Incubation (spawning to swim-up) survivals are 
routinely >90% and rearing survivals (ponding to release) are usually >85%. Some stocks can 
exhibit periodic lower incubation survivals but rearing survivals have become predictably high 
because health management practices now limit impacts of diseases, and other fish culture 
improvements ensure a clean and safe rearing environment. Naturally-produced fish encounter 
much higher mortalities during the freshwater phase than hatchery fish (Bradford 1995). 
 
Overall survival, from egg to spawner, is the product of freshwater and marine survivals. For 
enough fish to survive to replace the two parents of each mating, naturally-produced fish would 
need to have a substantially higher marine survival than hatchery fish to compensate for their 
lower survival in fresh water (Table 2). The calculation in Table 2 shows the survival from egg 
to spawning adult, assuming no harvest. In this case, fish groups that survive at less than the 
break-even or replacement rate would decline in abundance even without any fishing pressure. 
The replacement marine survival required for naturally- and hatchery-produced fish are shown as 
horizontal lines on Figures 7-9 for coho, chinook and chum, respectively. These graphs illustrate 
that during the low productivity period of the 1990s; many stocks of un-enhanced fish would not 
have been able to replace themselves, even with zero exploitation from legal or illegal 
commercial, sport or aboriginal fisheries. 
 
Table 2. Marine survival required to sustain populations at break-even levels. This assumes that 

all returning adults spawn, and therefore precludes any harvest or migration mortality. 
Typical fecundities and survivals in fresh water for wild fish are taken from Bradford 
(1995), and for hatchery fish from a conservative approximation of expectations from 
hatchery records (see Figure 5). 

Species Fecundity Wild Conditions Hatchery Conditions 
  Egg-smolt 

survival 
Smolt 
output 

Marine 
Breakeven 

Egg-smolt 
survival 

Smolt 
output 

Marine 
Breakeven 

Coho 3000 2.0% 60 3.3% 75% 2250 0.09% 
Chinook 4300 6.0% 258 0.78% 75% 3225 0.06% 
Chum 3200 6.5% 208 0.96% 75% 2400 0.08% 
 
 
Hatchery Reform 
A healthy scepticism towards the ability of hatcheries to solve all the problems concerning 
declines of Pacific salmon stocks has led many Pacific Northwest programs to conduct a re-
assessment of the role that hatcheries can play (HSRG 2003; IMST 2001; ISAB 2003). However, 
most of the studies cited in the reports that claim poor performance of “hatchery fish” actually 
refer to “introduced fish,” or fish that have been stocked into watersheds from non-indigenous 

 



broodstock sources. We believe that it is more probable that these fish are not adapted to the 
local conditions, and that is what makes them less fit (at survival or lifetime reproductive 
success) than the local naturally-produced stock, and not the fact that they spent part of their 
lives in a hatchery. This subject is thoroughly reviewed in Brannon et al. (2004). As discussed 
earlier in this report, the SEP has conducted a thorough evaluation of its projects as an on-going 
part of its regular business, and has made continual changes to many aspects of its hatchery 
program. While some hatchery-enhanced stocks have declined during the SEP, the neighbouring 
naturally-produced stocks have also declined. This suggests that it is the natural conditions that 
have become less productive, and not the fish that have lost fitness characteristics.  
 
However, if SEP were to reform its hatchery program, what aspects should it change: "the 
objectives, the technology or the fish" (Fuss 2002)? The objectives of SEP have already changed 
towards a focus on conservation as compared to production for harvest. The protection of wild 
stocks of salmon is a high priority for Canadians. Hatchery programs can have both positive and 
negative effects on the naturally-produced fish within the same stock, and within neighbouring, 
un-enhanced stocks (Table 3). The smolt release strategies of the SEP discussed above are meant 
to minimize negative effects and maximize positive ones. 
 
Changing the technology might mean putting greater emphasis on habitat protection and 
restoration initiatives, rather than on hatcheries. However, the general trend for availability of 
quality freshwater habitat is decidedly in the downward direction due to inexorable pressure 
from human population growth (Lackey 2003). As shown by several SEP projects (Capilano, 
Quinsam, Puntledge, Seymour), the near-complete loss of freshwater habitat from dam 
construction can be successfully replaced by hatchery production of the native wild stock. It is 
expected that there will be many more situations where the option of habitat restoration will no 
longer be sufficient to provide freshwater production in the future. 
 
Changing the fish has been taken to mean trying to make the fish released from hatcheries to be 
more like naturally-produced fish in their appearance, behaviour and physiological 
characteristics (IMST 2000). Manipulation of the fish-culture environment (cover, benthic 
substrate, complex habitat, crowding, feed delivery, diet formulation, etc.) may lead to hatchery-
reared fish acquiring similar characteristics to naturally-reared fish and thereby improve their 
post-release survival. In principle, it may be possible to produce hatchery fish that are better 
adapted to marine survival than are naturally-produced fish, because natural rearing conditions 
are seldom optimal (proven by high mortality rates). However, as can be seen from Figure 7, 
hatchery-reared coho do not appear to perform substantially worse after leaving fresh water than 
naturally-reared fish. Because they have such an advantage in freshwater survival, hatchery fish 
might have an increased impact on adjacent non-enhanced stocks, if they were even more fit for 
survival in the ocean. The potential for domestication selection in integrated hatchery programs 
is probably insignificant, especially considering the magnitude of other effects on survival 
(MacKinlay 2002). In addition, once hatchery fish have lived for a while in the same 
environment as naturally-produced fish, they are indistinguishable from them (MacKinlay and 
Howard 2002). Therefore, while it is an ongoing goal at SEP facilities to produce high quality 
smolts for release, it is unlikely that major changes in fish culture techniques are required, or that 
they could be shown to be demonstrably superior in inducing high marine survivals, especially 
considering the wide, random variation in marine survivals. However, SEP staff takes concerns 

 



about the “wildness” of our fish very seriously, and consult regularly with the latest scientific 
literature and an array of experts to constantly evaluate where processes or outputs can be 
modified to improve wild fish stock enhancement. 
 
Conclusions 
Pacific salmon hatcheries in British Columbia have been very successful in mitigating for low 
freshwater productivity (survival), whether caused by human activities or natural cycles. 
Hatcheries essentially act as super-productive freshwater ecosystems for one life-history segment 
of a portion of a wild salmon stock, avoiding the three main sources of mortality: starvation, 
predation and disease. Considering that the assaults on freshwater salmon habitat can only 
increase with the continuing pressures of expanding human population along the coast and rivers 
of British Columbia, salmon hatcheries can play a pivotal role in maintaining substantial wild 
salmon populations in the future. 
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Figure 1. Releases of Salmon juveniles from SEP Hatcheries. 
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Figure 2. Survival of coho salmon releases from SEP hatcheries. Only yearling smolt releases 
of 15-25 g size from coastal hatcheries are included. Note that survival scale is logarithmic. 
The solid lines show the survival of two coastal un-enhanced stocks (Black Cr. and Salmon 
R.). The horizontal lines represent the replacement survival required for naturally-produced 
fish (upper) and hatchery-produced fish (lower). 
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Figure 3.  Survival of chinook salmon smolt releases from SEP hatcheries. Only spring sub-yearling 
smolt releases of 3-8 g size are included. Note that the survival scale is logarithmic. The horizontal 
lines represent the replacement survival required for naturally-produced fish (upper) and hatchery-
produced fish (lower). 
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Figure 4. Survival estimates for chum salmon fed fry releases from SEP hatcheries. Only spring fed-
fry releases of 1-3 g size are included. Note that the survival scale is logarithmic. The horizontal 
lines represent the replacement survival required for naturally-produced fish (upper) and hatchery-
produced fish (lower). 



 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1965 1970 1975 1980 1985 1990 1995 2000 2005

Brood Year

In
-H

at
ch

er
y 

Su
rv

iv
al

 (%
)

Chinook
Chum
Coho

Coho
Trend

Chinook
Trend

Chum
Trend

Figure5. Trends in egg-to-release survival in SEP hatcheries. Data include coho, chinook and chum 
smolts from 30 hatcheries.  



 Table 3. Potential impacts of hatchery fish on adjacent naturally-produced stocks. 
 
Impact Type  Possible Positive Impacts Possible Negative Impacts 
Demographic – 
change in 
fishing 
pressure on and 
public 
concerns about 
wild salmon 

• Provision of supplemental hatchery 
fish can be used to decrease the 
exploitation rate on adjacent stocks 
while maintaining catch levels.* 
Selective, mark-only fisheries can 
reduce exploitation rates even further. 

• Hatcheries and other enhancement 
projects and activities are at the 
forefront in promoting the 
conservation ethic to the public 
through participation and education 
programs. 

• Greater numbers and visibility of fish 
in streams may lead to greater 
conservation efforts to protect the 
habitat. 

• If the exploitation rate is 
increased to harvest high returns 
of hatchery fish, attendant non-
enhanced stocks could suffer. 

• People might think that 
hatcheries will solve all the 
problems of declining stocks 
and be less vigilant about the 
other salmon conservation 
initiatives: reformed harvest 
management and habitat 
protection and restoration. 

Ecological – 
change in 
natural 
productivity in 
streams 

• Enhanced production can provide 
more spawners into streams, seeding 
underutilized habitat with both adults 
and juveniles.  

• Habitat productivity can be improved 
through nutrient addition from 
spawner carcasses. 

• Large numbers of hatchery fish can 
reduce the effective predation rate on 
adjacent stocks.* 

• If hatchery-produced fish are 
added to already saturated 
ecosystems, competition may 
decrease the survival of 
naturally-produced stock 
components. 

• Releases of diseased fish or 
pathogen-rich effluent from 
hatcheries could increase 
disease incidence in the area. 

Genetic – 
change in 
diversity and 
fitness of 
salmon stocks 

• Higher survival of wild salmon in the 
hatchery better maintains the genetic 
diversity of a stock than allowing it to 
drop to very low numbers under 
natural conditions. 

• Enhancement reduces the selection 
pressure on fish that are trying to 
survive in an unnatural, damaged 
ecosystem. 

• Small transplants into large wild 
stocks (hatchery- or naturally-
produced) can  increase their genetic 
diversity and long-term fitness. 

• Some selection for domestic 
traits may occur in  hatchery 
stocks if they are isolated from 
their parent stock over many 
generations (genetic drift). 

• Transplants of distant stocks 
into a stream can decrease the 
short-term fitness of the stock 
that is already there 
(outbreeding depression).  

• A small founding broodstock 
may not be very adaptively 
robust (inbreeding depression). 

*- For example, if a stock of 100 naturally-produced fish are being caught (or preyed upon) at a 
60% exploitation rate (giving 60 caught and 40 escapees) is supplemented by 500 hatchery fish, 
the exploitation rate (or predation rate) can be decreased to 10% and still maintain a steady catch 
of 60 fish, while increasing the naturally-produced escapees to 90. 
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Abstract 
 
The Freshwater Fisheries Society of B.C. (FFSBC) is an independent, not-for-profit 
society created to deliver the services formerly provided by the Ministry of Water, Land 
and Air Protection’s Fish Culture Section.  The FFSBC was also given the mandate for 
the development and delivery of pubic information and education programs on fish and 
fishing as well as the development and marketing of freshwater recreational fishing in 
B.C.  Communications and marketing strategies have been developed and a variety of 
initiatives are now being delivered.  Prominent projects include development of 
www.gofishbc.com our society website, participation in the Sport Fishing Alliance and 
promotional efforts towards the provincial Family Fishing Weekend event.  The Society 
has recently initiated a provincial strategy for information and education programs as 
well as a multi-partnered approach to increase angler participation rates.  
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Introduction 
 
The Freshwater Fisheries Society of BC (FFSBC) has been operating for the past 20 
months since being formed in April, 2003.  This independent, not-for-profit society was 
created to deliver the services formerly provided by the Ministry of Water, Land & Air 
Protection’s (MWLAP) Fish Culture Section.  This change was brought about under 
direction of the government that directed the Ministry to find an alternate funding and 
management model for the delivery of recreational services and the fish hatchery 
program.  An independent, non-profit model was chosen as the best option to maintain 
service levels while guarding the public interest in the provincial hatcheries and the 
public freshwater sport fisheries that depend on the stocking program.   
 
The FFSBC works in partnership with MWLAP fisheries management staff.  Regional 
biologists and technicians continue to manage recreational fisheries including 
development of stocking requests for various strains or stocks of fish.  FFSBC staff 
provides the fish and assist in the ongoing evaluation of stocking programs to ensure the 
right stock and/or numbers of fish are being released into a particular water body.  
MWLAP retains the overall legislative authority over regulations and licensing of 
freshwater anglers.   
 
Currently, the FFSBC manages B.C.’s five provincial hatcheries that stock nine million 
fish annually, including rainbow, kokanee, cutthroat and brook trout into about 1000 
lakes and a selected number of rivers throughout the province.  In addition to the five 
hatcheries, the Society operates the provincial fish health lab in Nanaimo, a small 
research office at the University of British Columbia and maintains its corporate offices 
in Victoria.  Apart from fish culture, the Society delivers a number of other services 
including, fish health diagnostics, fisheries engineering and science and evaluation.  The 
FFSBC also has the provincial mandate for developing public information and education 
programs on fish and fishing as well as the development and marketing of freshwater 
recreational fishing in BC. 
 
The FFSBC is funded primarily by revenues from angler licence sales as part of a 
dedicated funding model.  Under this model 100% of dollars collected from licence sales 
is used to support sport fisheries service delivery.  Licence revenue is allocated to three 
agencies – the Freshwater Fisheries Society, Habitat Conservation Trust Fund and the 
Ministry of Water Land and Air Protection’s Environmental Stewardship Division.  
Angler licence revenue in 2004 totaled approximately 13 million dollars.  The FFSBC 
receives 54% of this revenue and expends it on delivering the stocking program and on 



the promotion of freshwater sport fishing within the province.  The FFSBC also receives 
revenues from MWLAP for conservation and restoration services related to white 
sturgeon conservation hatcheries and steelhead recovery programs.  Additional revenue is 
derived by delivering fish culture and other services to third parties such as other 
governments, crown corporations, First Nations and the private sector.   
 
 
Marketing Recreational Fishing and Promoting the Business 
 
The ability to promote and market recreational freshwater fishing was never a viable 
option for fisheries management agencies while in government.  This mandate is now 
firmly entrenched in the strategic and annual operating plans of the Society.  The FFSBC 
is able to partner with public, private and corporate sectors involving all aspects of sport 
fishing development and marketing. Increasing the participation rates in fishing and 
ultimately the sale of more fishing licences will help ensure the longevity of the Society.  
As well, both MWLAP and the Habitat Conservation Trust Fund depend on angling 
licence sales for operating revenue so maintaining or increasing angler participation is 
also critical to the long term health of these organizations. 
 
Communications and Marketing Objectives 
 
A marketing and communications consultant, whose specialty was working with non-
profit societies, was contracted within the first few months of the formation of the 
FFSBC.  A communications and marketing framework was developed based on the 
following key marketing messages: 
 

• The Freshwater Fisheries Society of BC is committed to making the freshwater 
fishing experience in B.C. the best in the world by enhancing freshwater sport 
fishing opportunities and contributing to the conservation and restoration of wild 
fish stocks. 

• 100% of licence fee revenue goes to provide services that support and enhance 
recreational fishing opportunities and conservation initiatives in British Columbia. 

• By taking a leadership role in promoting freshwater fishing in B.C. the society 
will attract more anglers 

• Informed anglers will have a greater understanding and increased knowledge of 
the key role played by the society and other partners in ensuring a positive future 
of B.C.’s freshwater fisheries resources. 

 
A number of key communications messages were developed in order to deliver on our 
marketing strategies: 
 

• British Columbia’s freshwater fishing experience is a distinct cornerstone of the 
province’s identity. 

• Ensure over the long term that the B.C. freshwater fishing experience is accessible 
to all, is recognized as the best in the world and to do so with a spirit of 
collaboration among our partners and stakeholders. 



• Differentiate market leadership through creativity and involvement in a flagship 
grassroots program designed to increase awareness and participation in 
recreational fishing. 

• FFSBC’s interests and efforts are central to the environmental stewardship of 
B.C.’s freshwater fishing resources, which are managed to benefit the public. 

• The opportunity to benefit from the work of the FFSBC, in their conservation and 
management efforts, is all-inclusive and must be structured to satisfy and appeal 
to the consumer market that FFSBC is in existence to serve. 

• The Society is committed to using funds generated from the sale of fishing 
licences directly towards the conservation and betterment of freshwater fisheries 
resources. 

 
Our objective has been the creation of communications and marketing programs that can 
be implemented through a series of alliances that deliver significant marketing benefits 
including: 
 

• Marketing and sales of the fishing licences in B.C. through expanded customer 
relationship opportunities 

• The development of collaborative partnerships based on the values inherent in the 
B.C. freshwater fishing experience. 

• The implementation of a high profile community based communications platform 
to showcase freshwater fishing and highlight the FFSBC’s role in delivering the 
experience. 

• To build and demonstrate a leadership position with other partner organizations 
and bodies in specific community investment programs targeted toward education 
and awareness among anglers and the general public. 

• Directly connect with licence holders on a conservation platform designed to 
empower them as anglers responsible for the legacy of the B.C. fishing 
experience. 

 
Progress to date 
 
Spreading the News 
 
Our biggest ongoing challenge has been getting the message out about the formation of 
the FFSBC and the changes to the funding model.  Considerable effort continues to be 
directed at giving presentations to organized angling clubs, fishing tackle wholesalers and 
retailers, outdoor writers associations, Fishing Resort and Outfitters associations and 
other NGO’s.  Other communication strategies included numerous magazine articles in 
key Canadian and U.S. fishing magazines and the ongoing appearance on numerous T.V. 
fishing shows and outdoor radio programs. 
 
The official website for the FFSBC is www.GoFishBC.com website.  GoFishBC is our 
marketing logo that we are presenting to the public.  The website contains information 
about the Society including what we do, how we are funded and links to our partners.  
There is also detailed information on the various divisions or sections of the Society.  



Ongoing plans include major expansion of the Sport Fishing Section to include streaming 
video clips of fishing techniques and possible use of web cams at specific lakes.  An 
interactive “Kids Zone” is another feature that will be added in the near future.  Our goal 
is to be “The” website for B.C. freshwater fisheries/fishing information. 
 
The FFSBC also joined the Sport Fishing Alliance, a marketing group including Tourism 
B.C., regional tourism associations, freshwater fishing resorts and saltwater resorts and 
industry associations.  The mandate of this alliance is to work together to better promote 
and market fresh and salt water recreational fishing in B.C.  Outcomes include production 
of an annual combined fresh and saltwater fishing guide, participation in sportsmen’s 
consumer trade shows throughout North America and the hosting of outdoor writers to 
further promote fishing in B.C.  The FFSBC also participates independently at trade 
shows within the Pacific Northwest region and we have developed a number of 
brochures, pamphlets and video presentations for the angling and non-angling public. 
 
The Society’s major communication project to date has been the commitment to the 
provincial Family Fishing Weekend where residents of B.C. can fish for free over the 
Father’s Day Weekend.  The Society sees this annual event as a major opportunity to 
make a connection with new anglers, families and particularly youth that may be trying 
fishing for the first time.  Year one of our participation in this event was focused on the 
creation of 5 broadcast quality features on sport fishing techniques, the FFSBC catchable 
trout stocking program and easily accessible fishing lakes in the greater Vancouver area.  
These features aired on community T.V. stations throughout the province for the 6 weeks 
prior to the event. Staff from several hatcheries also organized or participated in events 
located throughout the province.  The Society sees an expanded and ongoing role with 
this event. 
 
Recent Developments 
 
Our Society has developed a partnership with a major B.C. Sportsmen’s Trade Show 
Company in which our message about sport fishing and angler education will be forefront 
at the consumer show.  The show producers have also agreed to contribute a portion of 
the gate receipts to the Society.  This money will be earmarked for angler 
education/awareness programs. 
 
We have also just recently launched two major initiatives aimed at developing 
information and education programs and increasing angler participation rates.  One of the 
first goals of the information and education initiative is to develop and implement 
strategies to re-open visitor centres located at 4 of the 5 Society hatcheries.  These very 
popular attractions had not operated for the past several years due to government 
cutbacks.  Other objectives include the development of conservation programs related to 
fish and aquatic resources, development of school programs dealing with recreational 
fishing and awareness of fisheries resources and coordinate the development of a Kids 
Zone for the website. 
 



Our second initiative is aimed at increasing angler participation rates. Angler 
participation trends across North America have been slowly declining during the past two 
decades.  The situation in B.C. is no different despite the fact we can offer some of the 
greatest fishing opportunities in the world.  A facilitated strategic planning session was 
held last month to set the direction that this program will take.  Various stakeholders 
including provincial and federal fisheries agencies, fish and game associations, fishing 
tackle industry reps, fishing resorts and guides associations all have a vested interested in 
the success of this provincial program.  Youth fishing programs, urban lake fisheries 
development, fishing piers, construction of seasonal fishing ponds and major expansion 
of the Family Fishing Weekend event are some of the initiatives being considered. Our 
goal is to develop a coordinated and multi-partnered approach to address this situation. 
 
Closing Comments 
 
The FFSBC plays an extremely important role in the provision of recreational fishing 
opportunities in B.C.  The FFSBC stocks about 1000 lakes each year out of the total of 
25,000 lakes in the province.  However, these 1000 lakes support just over 50% of the 
total annual freshwater fishing effort in the province. Our partnership with the MWLAP 
fisheries program ensures the angling public is offered a diversity of fishing opportunities 
from family to trophy or quality waters.  Successfully delivering our messages to existing 
and new anglers is key to us and our partners plus we all ensure the sustainability of these 
valuable fisheries resources.  
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Abstract 
 
From 1996 to 1998, due to environmental conditions, over-fishing and natural fluctuations of 
fish populations, the Department of Fisheries and Oceans (DFO) initiated dramatic conservation 
measures.   The impact on all fisheries was significant, the media seized on the issue proclaiming 
that “BC fisheries were doomed”.   Although the effect on the sport fishery was profound, many 
fisheries remained open, and, in fact, the most devastating effect was on the commercial fishery 
which underwent fleet reduction and total closure of many fisheries.   In order to combat the 
‘perception’ that the BC sport fishery was a thing of the past, the SFI, a non-profit business 
association made up of all elements of the recreational fishing sector, in concert with Tourism 
BC (TBC), approached federal and provincial ministries with the plan for a five year marketing / 
communications strategy designed to inform the media, sport fishing participants and the public, 
with the message that “the BC sport fishery was alive”, fishing opportunities were available, that 
BC had multiple species to catch, and the resource was being managed for sustainability.   The 
proposal was accepted by DFO, Canadian Tourism Commission (CTC), Western Economic 
Diversification (WED), TBC and other ministries, resulting in a $5 million program.  A 
committee composed of several government agencies chaired by the SFI, undertook a program 
covering the period from 1998 to 2002/3. 
 
The program included numerous project elements, including: 
1. Major print ad campaign 
2. Development of annual Fishing Planning Guide 
3. Development of interactive web site 
4. Sponsorship of TV/Radio sport fishing shows 
5. Media (fam trip) campaign 
6. Trade Show participation 
7. Attendance at CTC media events 
8. Research program into angler preferences 
9. Participation in community events 
 
The program succeeded in raising the profile of sport fishing throughout the region and in the 
Pacific Northwest in particular.   The government’s industry committee has resulted in 
continuous liaison with various ministries.   The development of the proposal, committee 
structure, and overall program elements will be discussed.  A progress report on negotiations and 
the development of a provincial marketing alliance which was borne out of the cooperative 
initiative. 
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Introduction 
 
The Sport Fishing Institute of British Columbia (SFI) is a not for profit organisation, a business 
association of 300 members, with a Board of Directors, an Executive Committee, and an 
Executive Director.   Membership includes virtually all levels within the sector, all major tidal 
water lodges, charter operators, tackle manufacturers, distributors, outboard motor and boat 
dealers, retail outlets and individual anglers.  
 
A major change in direction and profile occurred in 1996 when the association began an effort to 
increase membership, develop an independent association, and become an aggressive lobbying 
organisation - at the same time, funds were sought from the Canadian Tourism Commission 
(CTC) to promote sport fishing in BC.   In 1998, the metamorphosis was complete when SFI 
became a fully functioning association.  At that time a business/marketing plan was developed 
with assistance from Tourism BC (TBC) to offset what was the perception that “fishing in BC 
was a thing of the past”.   This perception, perpetuated by the media, was a result of dramatic 
conservation measures put in place by the then Minister of Fisheries and Oceans Canada, David 
Anderson.  As a result of those measures and a series of El Nino events which affected all fish, 
the dramatic reduction in the Fraser River sockeye, the buy-back of the commercial fleet, all led 
to screaming headlines “BC Fishing is Gone”.    In fact, what was happening was the most 
dramatic change in the history of the management of BC fisheries.  The commercial fleet 
(grossly overcapitalised and supported by government subsidies) was undergoing complete 
restructuring and redirection.  This, coupled with natural population fluctuations, including a 
below-average sockeye return to the Fraser River, led the media to declare “The End of BC 
Salmon”.   The popular media had not realised or cared to be aware that the sport fishery was the 
fishery of today and the future.  In terms of economic benefit, it brings more than twice that of 
the commercial sector.   
 
The headlines ignored the facts related to the recreational fishery 
 -    Few caught 
- Controlled specific management 
- Area-only closures 
- Non-retention 
- Maximum return for minimum impact – a theme that we developed.   
 
Methods 
In order to combat the image and perception of the overall collapse of BC salmon stocks, the SFI 
in concert with Tourism British Columbia (TBC), developed an outline of a plan that originally 
called for nine million dollars over several years to revitalise declining visits and deflect 
erroneous media reports.  The plan was presented to all major federal and provincial ministries 
and included several key elements, including: 



 
1. A print advertising campaign (including new creative) 
2. Development of a Saltwater Fishing Planning Guide 
3. Creation of a web site 
4. Sponsorship of specific TV sport fishing shows – i.e. “Fishing with Shelley & Courtney” 
5. A media (family trip) campaign 
6. A trade show schedule, including display development 
7. Attendance at CTC media events 
8. Participation in local/community events 
9. Research 
 
With Canadian Tourism Commission (CTC) and Department of Fisheries and Oceans Canada 
(DFO) providing support, funds were provided by TBC, BC Fisheries, the then Fisheries 
Renewal BC, Western Economic Diversification (WED), and other members, which resulted in a 
five year program which averaged in excess of $1 million per year.    The funds had to be spent 
annually – the other significant factor was that the program was managed by a committee that 
eventually consisted of a representation from DFO, CTC, TBC, and an SFI member.   Chaired by 
the SFI, it originally involved several other representatives from tourist associations, private 
businesses, but ultimately DFO and Tourism BC became the key participants.    The program 
start up was admittedly “shaky” – what was the message? who were the clients? what creative to 
use?   But, finally, several key themes were agreed upon: 
 
1. BC has a tremendous adversity of fish species. 
2. BC has an equal variety of environments in which to fish ranging from open ocean to lakes 

and streams. 
3. BC has an infrastructure of every level of facilities from boat ramps to the most luxurious of 

resorts. 
4. BC has a domestic and offshore / national audience. 
5. BC is carefully managing its fisheries resource. 
6. Recreational fishing offers maximum economic benefit for the least impact on the resource. 
 
The program was considered a success – mistakes, of course, were made; start-up was difficult, 
particularly in establishing mutually agreed upon objectives.    A committee made up of two 
federal agencies, two provincial, three or four associations, all with agendas (real and hidden) 
was initially difficult to manage.   However, by the time the program entered the second year 
common ground had been reached.  Agencies providing funding were cooperative (with few 
constraints) once the ground rules were established.   The conservation message was politically 
correct, appealed to fishermen, and largely deflected criticism from environmental activists.  
 
Results (and lessons learned) 
 
1. A well-prepared action plan that was not at odds with agency/ies objectives sold the concept. 

 
2. The messaging was consistent with the sector objectives as well as the various ministries. 

 



3. The Committee was made up of participants who had a reasonable understanding of the 
recreational sector. 
 

4. Access to funding requires total commitment, but, if the messaging is consistent with agency 
objectives, positive results can be achieved. 
 

5. Independent associations can provide messaging that is consistent with various government 
agency objectives and can be delivered in a more effective non-bureaucratic approach and in 
a much more cost-effective manner. 
 

6. Traditional print advertising was found to be less effective in getting the message out as 
opposed to a well-designed web site, in-line TV shows and “family” trips which resulted in 
stories in major local, regional and national periodicals and magazines.   It was estimated that 
the dollar value from media trips resulted in $1 million per year of print page space. 

 
 
The program described resulted in exposure and promotion of BC sport fishing that could not 
have been accomplished by any one agency or association.   Although it was decided against 
devoting a great number of resources to formal assessment of the program, ad hoc surveys left 
little doubt that the program had a positive impact.   In addition, the initiative was fundamental 
in providing the foundation for the creation of a “marketing alliance” made up of Tourism BC, 
regional tourism offices, BC Fishing Resorts and Outfitters Association (BCFROA), Freshwater 
Fisheries Society of BC (FFSBC) and the SFI of BC.  This alliance has the potential to continue 
to bring focus and highlight the benefits of recreational fishing as a driver that will provide 
economic benefits at the community, regional and national levels as well as promoting the 
activity as a key component of tourism. 



Building a Better Salmon: How Domestication of Domsea Coho Salmon 
(Oncorhynchus kisutch) has Improved it as a Broodstock. 

 
Kathleen. G. Neely*, Jeffery J. Hard, James Meyers, Penny Swanson, and Karl D. 
Shearer, National Marine Fisheries Service, 2725 Montlake Blvd, E., Seattle, WA 98112 
USA (*denotes speaker). 

Abstract:   Domsea coho salmon have been selectively bred for rapid growth since 
1977.  Derived from the Skykomish River coho, Domsea coho salmon have been shown 
to achieve a larger body size faster than their parent stock without showing undue 
sensitivity to inbreeding depression.  Although the Domsea stock has been selected over 
generations for rapid growth, the physiological basis and timing of expression for this 
phenotype are not known.  This study compared the growth of the Skykomish and 
Domsea fish under identical rearing conditions, and examined body composition and 
digestibility of feed to identify the physiological mechanisms for selected improvements 
in growth. We will present our preliminary findings.  
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Introduction 
 
In the last 30 years salmon aquaculture has become a major industry.  Cultured salmonids 
have been selectively bred for commercially important traits such as: good fillet quality, 
disease and parasite resistance, large number of eggs in the females, and quick maturation 
with large size.  The Domsea coho salmon stock from Washington State (Aquaseed, Inc, 
Seattle, Washington) is an example of a highly selected stock of salmonids. 
 
The Domsea coho salmon have been selectively bred and used in studies by the 
Northwest Fisheries Science Center (NWFSC) and the University of Washington (UW) 
scientists since 1977 (Tave 1989).  Considerable information on the genetics of this 
pedigreed stock have been collected (Myers et al. 1999 and Myers et al. 2001).   
 
The stock has been bred for rapid growth.  The goals of the selection program were to 
produce fish with a 2 year life cycle that exhibited commercially desirable traits: large 
body weight at the end of the freshwater phase of rearing, large body weight at the end of 
the 8 month saltwater production phase, and a high percentage of 0 age smolts (Tave 
1989).  Although there have been concerns regarding accumulated inbreeding levels in 
the Domsea stock, there have been significant production improvements over the parent 
stock, Skykomish coho salmon, which are annually taken into Wallace River Hatchery in 
Skykomish, Washington (Myers et al. 2001).  These improvements are largely with 
respect to characteristics desired for cultured fish, such as high growth rates.   
 
Growth rate in animals can be attributed to many mechanisms such as the rate of food 
consumption, feed conversion efficiency, metabolism, and behavior (Vollestad and Quinn 
2003; Holm and Fenroe 1986).  Simply put, feed is ingested (I) and is either used for 
growth (G), metabolized (M) for physiological maintenance, or excreted (E) (Kinghorn 
1983; Shearer 1994).  This is the basic bioenergetics formula concept. 
 
   I=M+G+E 
 
The difference in growth rate between the two stocks can be attributed to: 
1 . Difference in feed uptake (I) 
2. Difference in basal metabolism (M) 
3. The two stocks eat equal amounts, but differ in growth efficiency (G), or 
4. Difference in digestibility, measured by composition of waste material (F). 
In order to determine which factor (factors) contributed to rapid growth we compared the 
above parameters in the two stocks. 
 



 
Methods and Materials 
The experiment was conducted at the Northwest Fisheries Science Center (NWFSC) in 
Seattle, WA.  Fish were reared in a recirculation system using 4’ diameter tanks.  350 fry 
were ponded into each tank on March 19, 2004.  Six tanks were dedicated as satiation 
tanks, and 4 tanks were ration tanks (Figure 1).  Fish were fed to satiation or pair fed a 
fixed ration to determine if the parent or domestic stocks differed.  Ration fish were be 
fed according to the manufacturers feeding chart (BioOregon, Warrenton, OR. 
 
 
 

 
 
Figure 1.Layout of the experiment 
  
  
Sampling 
Fish were sampled biweekly. At each sampling date, weights and lengths were taken on 
35 individual fish and three bulk weights of 50 fish (without replacement).  In addition, 
ten fish were taken from each tank for body composition analysis.   During the final two 
weeks of the experiment, feed was repelleted with an inert marker, yttrium oxide (Y2O3), 
in order to measure digestibility.  Proximate composition of feed and whole fish (samples 
were pooled by date and tank) were done according to AOAC methods.  Yttrium 
determinations followed Refstie et al. (2000).  Statistical analysis were conducted using 
one and two-way ANOVA linear regression and means were compared using a PLSD test 
at P< 0.05 (Zar 1999). 
 
Results 
 
At termination of the study, the Domsea fish (satiation treatment) were significantly 
larger than Skykomish fish (either treatment) and the Domsea ration fish (Figure 2).  
Domsea fish (both satiation and ration treatments) exhibited higher feed conversion rates 
than Skykomish fish.  Skykomish fish had higher whole body fat (Figure 3) 
predominately in the form of visceral fat.  Results show no significant difference in 
digestibility between the two stocks, for either ration or satiation treatments, which 
suggests that differences in growth between the ration groups was due to differences 
either in nutrient utilization or metabolism.  Analysis of all data is incomplete and all 
reported data is preliminary. 
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Figure 2.  Growth curves for Domsea and Skykomish stocks, both treatments. 
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Figure 3. Percentage whole body fat. 
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Abstract 
Little is known of the early marine life history of Pacific salmon in the continental shelf 
environment, because of the limitations of traditional sampling methods and an inability 
to understand how animals move (and die) in this environment.  An improved scientific 
knowledge of this period is critical to understanding differences in marine survival 
affecting many North American stocks of Pacific salmon.  Here we describe the results 
from the 2004 demonstration project in which a large-scale marine telemetry array was 
built to address these problems.  An array consisting of 137 individual acoustic nodes 
was constructed, and the movements of 1,051 British Columbia salmon smolts over the 
array were evaluated. The overall size of the array was 1,500 kms.  The main array 
consisted of 6 linearly spaced acoustic “curtains” of >20 kms length, with nodes spaced 
to provide an essentially complete census of tagged animals moving across it.  Additional 
nodes were placed at river mouths to provide separate measurements of freshwater 
survival post-release and subsequent survival in the ocean.  A sub-array was placed in 
Howe Sound, a 40 km fjord, to measure the earliest phase of marine survival. 
 
We obtained precise estimates of stock-specific run timing, speed and direction of 
movement, plus survival.  The results allow a direct comparison of survival differences 
between stocks and species of salmon, as well as a comparison of hatchery versus wild 
survival.  Overall detection rates for individual tagged smolts over the ocean array were 
91% and can be improved in future.  We also obtained detailed information on the 
distribution and movements of 24% of all the acoustically tagged green sturgeon released 
in 2003 by an unrelated research project in the United States.   
 
The scientific validity of the array concept has been proven, and a permanent array offers 
the exciting prospect of being able to conduct precise long-term measurements in the sea 
for animals as small as 12 cms. 
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Abstract

Little is known of the early marine life history of Pacific salmon in large rivers or the
continental shelf environment, because of the limitations of traditional sampling methods
and an inability to understand how animals move (and die) in these environments.  An
improved scientific knowledge  of this period is particularly critical to understanding
differences in  marine survival affecting many North American stocks of Pacific salmon.
Here we describe the results from the 2004 demonstration project in which  a large-scale
marine telemetry array was built to address these problems.  An  array consisting of 137
individual acoustic sensors was constructed, and the movements of 1,051 British
Columbia salmon smolts over the array was evaluated. The overall north-south extent of
the array was 1,500 kms.  The main array consisted of 6 linearly spaced acoustic
“curtains” of >20 kms length, with sensor nodes spaced to provide an essentially
complete census of tagged animals moving across it  .  Additional nodes were placed at
river mouths to provide separate measurements of freshwater survival post-release and
subsequent survival in the ocean.  A sub-array was placed in Howe Sound, a 40 km fjord,
to measure the earliest phase of marine survival.

We obtained precise estimates of stock-specific run timing, speed and direction of
movement, plus survival.  The results allow a direct comparison of survival differences
between stocks and species of salmon, as well as a comparison of hatchery versus wild
survival.  Overall detection rates for individual tagged smolts over the ocean array was
91% and can be improved in future.  We also obtained detailed information on the
distribution and movements of 24% of all the acoustically tagged green sturgeon released
in 2003 by an unrelated research project in the United States.  

The scientific validity of the array concept has been proven.  A permanent array offers
the exciting prospect of being able to conduct precise long-term measurements in the sea
for animals as small as 12 cms anywhere on the west coast of North America.

Introduction

In this report we describe the results in 2004 from a large-scale project to demonstrate the
biological utility of permanent large-scale marine telemetry arrays.  Initially planned as a
continental-scale acoustic telemetry array for the west coast of North America, the array
concept has potential application in any area of the world’s oceans where continental
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shelves exist.  The array is one of the major projects being sponsored under the Census of
Marine Life.

POST, the Pacific Ocean Shelf Tracking project, is one of 7 major field programs within
the Census of Marine Life (CoML).  The Census is focussed on developing a new era of
marine research around the world, with a strong international commitment, and regional
committees the ambitious goal of having initiated $1 billion of new research by 2010.
CoML's web page (www.coml.org) provides further information on the structure and
function of the Census.

The Census of Marine Life (CoML) is a decade-long program intended to promote and
fund research assessing and explaining the diversity, distribution, and abundance of
species throughout the world's oceans. Related activities integral to this research include
the design and implementation of standard databases for marine species in collaboration
with other international efforts launched recently, and the design and implementation of
innovative biological sampling techniques for the marine environment. Outreach and
education efforts help inform the public about the CoML's potential and actual
contributions to knowledge, and help tune the program to the concerns and priorities of
governments, commercial and recreational fishers, environmental groups, the research
community, and other stakeholders in the oceans.

In this report we focus on describing the results from the 2004 POST field season, which
was intended to demonstrate the possibility of achieving an essentially complete census
of the migration pathways and fate of individual salmon smolts as they migrate out of the
Strait of Georgia and along the continental shelf as far north as Icy Strait (SE Alaska).
As the field work to complete the final recovery of the array in 2004 is still underway at
the time of writing, we focus primarily on an overview of how the POST array was
configured in 2004 and the initial results.  The key conclusion is that an essentially
complete census of individual free-swimming salmon smolts is now scientifically
feasible, providing detailed information on survival, speed of movement, and direction of
migration.

Description of the array

In 2004, a prototype acoustic array was deployed from Cape Elizabeth (just north of
Grays Harbor, Washington; 47° 23.8’N, 124° 20’W) and extending north along the shelf
to Cape Spencer, Alaska, just north of the SE Alaska panhandle (58° 24.5’N, 137° 8.8’W;
Figure 1).  A series of acoustic detection lines was also placed in the central part of this
region, so that both exits from the Strait of Georgia were instrumented.  Additional
acoustic lines were placed within Howe Sound, a 40 km long fjord system within the
Strait of Georgia, and individual receivers were also placed near the mouths of multiple
river systems to measure survival of smolts from freshwater release to the river mouth.
This allowed compartmentalising the measured survival post-release into freshwater and
marine phases.

http://www.coml.org/


The overall size of the experimental array was approximately 1,500 kms.  Open shelf
lines in Washington and Alaska extended perpendicular from near shore to approximately
half-way across the shelf (100m depth contour).  Acoustic lines in the Strait of Juan de
Fuca, Queen Charlotte Strait, and northern Strait of Georgia were each over 20 kms long,
and were deployed to provide a complete census of all tagged animals entering or exiting
the Strait of Georgia.

The array was deployed starting in mid-April and final recovery beginning in September.
The entire array (excluding the Alaska line) was also recovered once in July, the data
downloaded, and then re-deployed.  The Alaskan line is scheduled for recovery in early
October.  Detailed locations for the array deployment in the first and second phases of the
deployment are shown in Figure 2.  As the data demonstrated rapid movement of tagged
salmon smolts out of the Howe Sound array and few residual fish within the Howe Sound

Figure 1.  The POST array in 2004, which stretches from Cape Elisabeth (just north of the Columbia River at the
Washington-Oregon border) north to beyond the Alaska panhandle.  A number of the river systems where salmon
smolts were surgically implanted with an acoustic tag and then released are indicated with red dots.



system, equipment used in Howe Sound was not re-deployed there, but held in reserve to
replace equipment losses elsewhere (which were relatively low).

A total of 1,051 salmon smolts from 5 species were surgically implanted with long-lived
acoustic tags in British Columbia.  A co-ordinated study using 900 spring chinook from
the Snake River (Columbia River system) were also implanted by Professor Carl Schreck
(Oregon State University, Corvallis, OR USA 97331-3803; Carl.Schreck@orst.edu) with
acoustically compatible coded acoustic tags, and approximately 150 coho from south
Puget Sound were similarly implanted (Scott Steltzner, Squaxin Island Natural
Resources, 2952 S.E. Old Olympia Hwy, Shelton, WA 98584;
ssteltzner@squaxin.nsn.us).  In this report we focus on the results from the Strait of
Georgia study.

All animals were surgically implanted under full anaesthesia using a combination of
Metomidate-HCl (1 ppm) as a pre-operative sedative and MS-222 (40 ppm) buffered with
sodium bicarbonate (80 ppm) for anaesthesia.  All animal care plans were reviewed by
the relevant institutional Canadian Council on Animal Care site committees, and permits
for capture and tagging of wild smolts were provided by the federal or provincial
agencies.  Following surgery, smolts caught in the wild were held for observation and
generally released at dusk of the following day, allowing for a minimum of 24 hrs to
assess response to tagging.  Hatchery smolts were held for up to several weeks prior to
release.  The overall mortality rate (all groups combined) was only 3.7%.  The majority
of this mortality occurred in the first stocks tagged, suggesting that the effect was
probably associated with start-up problems for the field crews (likely anaesthesia
problems).  In late season tagging there was often no mortality associated with tagging of
a standard sample of 100 smolts from a stock.

Results

Table 1 provides a summary of the numbers tagged by stock and species, whether the
group was composed of wild smolts (caught in rotary screw traps placed in the rivers),
hatchery origin, or unknown provenance (in one case, unmarked hatchery chinook smolts
were released into the river prior to the wild smolts being captured and tagged).

In almost all cases, good measures of freshwater survival post-release were obtained, as
well as detailed information on the numbers of tagged smolts of each stock that exited
from the Strait of Georgia using the Strait of Juan de Fuca (where a 22 km listening line
was deployed) versus exiting via the northern exit, passing first over the northern Strait of
Georgia line (21 kms long) and then out through Johnstone Strait and then across the 20
km Queen Charlotte Strait acoustic listening line.
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Table 1.  Summary of tagging rates and subsequent detections in the ocean.  A detailed
breakdown by acoustic line is also available, as well as data on position and abundance
along each line.  Detailed results will be discussed elsewhere.

Species Stock H/W # tagged Total tags
subsequently

detected*
Steelhead COLDWATER R (Thompson) W 31 16

CHEAKAMUS R (Squamish) W 51 35
ENGLISHMAN W 67 53
KEOGH R H 92 65
KEOGH R W 78 60

Coho CHEAKAMUS R (Squamish) H 100 36
COLDWATER R (Thompson) H 40 1
QUALICUM H 97 3
NIMPKISH H 99 78
SOUTH PUGET SOUND 1
KEOGH R W 107 105

Chinook COLDWATER R (Thompson) H 49 2
COLDWATER R (Thompson) W 2 1

Sockeye CULTUS LAKE H 100 61
SAKINAW LAKE H 97 41

Dolly Varden KEOGH Adults W 8 6
KEOGH Juveniles W 30 17

* Excludes false positives occurring at the Keogh river mouth because of 
           unusual conditions not duplicated elsewhere

Overall detection efficiencies were 91%.  We defined this measure as 100% minus the
percentage of tagged animals detected on one or more acoustic listening lines distant
from the release site but which were not first detected on an inner line.  This detection
efficiency can be increased slightly in future years as some of the acoustic elements were
pulled out of position (probably by trawlers) in the 2004 study, and possibly also by
reducing the inter-element spacing between acoustic elements.  However, the detection
efficiency is already very high and makes it likely that a more productive future design
would involve the construction of more lines, giving more opportunities for independent
repeated detections and a finer scale understanding of movement patterns and survival of
each stock.  Marine survivals and movement patterns showed major differences between
species and significant evidence for some surprising differences in survivals between
some stocks of the same species.  These detailed results will be reported later.

One final biological result will be summarised here.  Some excess channel capacity on
the acoustic receivers forming the array elements was programmed to detect one of the



more commonly used tag codes used by researchers unaffiliated with the POST project.
Although the North Pacific Anadromous Fish Commission normally receives reports only
on Pacific salmonids, we are pleased to report that we also collected detailed information
on the movements of the anadromous green sturgeon (Acipenser medirostris).  Only three
known spawning populations occur in North America (the Rogue River in southern
Oregon and the Klamath and Sacramento Rivers in California) and all are considered
threatened.  Of 174 green sturgeon tagged by US investigators in prior years, we have
now detected 42 of these animals, or 24% of the tagged population.  These animals have
primarily been detected on the outer shelf lines near Grays Harbor and Brooks Peninsula
and only a few animals have been detected in the Strait of Juan de Fuca.  Seven of these
animals have been detected on multiple listening lines, all of which were moving south,
despite having originally been detected well to the south of the POST array.  The episodic
nature of these detections, with individual animals being detected on a given line for
substantial periods of time (days to several weeks) then no subsequent detections being
recorded, suggests that the green sturgeon take up residence for a period of time then
move away from the detection line.  In some cases, these movements can be quite rapid,
with three individuals travelling the 480 km distance between Brooks Peninsula and Cape
Elisabeth in 4, 6, and 7 days.

Conclusions

Fisheries research on anadromous fish such as salmon and sturgeon has been greatly
hampered by the lack of any real ability to follow the survival and movements of the
animals at sea.  The first year of the POST project has been very successful, with a
demonstrated efficiency of at least 91% for detection of even small salmon smolts, and
precise measurements being obtained of movement rates, survival, and migration routes
on both an individual and a stock-specific basis.  

The acoustic listening lines that we deployed for 4~5 months (from April to September)
exceeded 20 kms in length, and are equivalent to the width of the continental shelf off the
west coast of North America.  As a result, we are confident that the acoustic tracking
array can therefore be deployed permanently to form a year-round telemetry system that
with very high efficiency can track many species of marine fish and mammals at once.
We have already demonstrated from this year’s work that these technical results can be
obtained with high efficiency for anadromous fish such as salmon and sturgeon.  As the
tags appropriate for use on very small salmon smolts (>12 cms) have lifespans of 4.5
months, tracking projects on salmon smolts are now possible that will extend from the
time of leaving freshwater (May) until mid-September.  By August, salmon smolts have
reached the 20-25 cm range, so a marine tagging program could be conducted as well
which could involve capturing juvenile salmon at sea, surgically implanting a slightly
larger tag (which can easily last for the rest of the lifespan of the salmon), and which
would allow following the movements of shelf-resident stocks of salmon over multiple
years.  For those salmon stocks that migrate off-shelf, the tags would provide information
on what region of the shelf that they leave from, and what region of the shelf that they
return to as maturing adults—plus their detailed shelf migration track back to their rivers
of origin.  Using a combination of DNA analysis of the animals collected at the time of



ocean tagging and a series of river mouth arrays to determine survival and river entry
timing, a wealth of stock-specific scientific data that is not currently possible can be
collected. 
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Jill Rossmann, Washington Department of Fish and Wildlife, 7723 Phillips Road SW, 
Tacoma, 
WA  98498.   Phone: (253) 589 7098.   Fax: (253) 589 7098. 
 
Abstract 
A new challenge faces the kokanee program in Washington State.  The Lake Whatcom 
stock is currently certified as being regulated pathogen free, which enables transfer of 
eggs throughout the state.  Soon andromous fish will be allowed to migrate above a major 
water source feeding the lake.  This action will drastically reduce egg shipments outside 
of the basin.  The Washington Department of Fish and Wildlife is currently working in 
partnership with the Army National Guard and community groups to develop a kokanee 
enhancement program on Murray Creek, which drains into American Lake in Pierce 
County.  This project will provide an opportunity to partially replace the Lake Whatcom 
program. 
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Introduction 
 
New challenges face the kokanee program in Washington State.  The Lake Whatcom kokanee 
broodstock program will need to be replaced.  
 
The Lake Whatcom hatchery currently serves as the primary source of kokanee for the entire 
state of Washington. The annual production of about 11 million eggs support programs in 39 
lakes and reservoirs.  Kokanee are the fourth most preferred game fish by Washington anglers.  
The fishery contributes over 36 million dollars annually to the states economy (Daley et al. 
2003).  An agreement between the Nooksack Tribe, Lummi Nation, City of Bellingham, and 
Washington Department of Fish and Wildlife (WDFW) will allow anadromous fish access to the 
Middle Fork Nooksack River above the City of Bellingham municipal water intake.  When 
salmon and steelhead passage is created at the Nooksack diversion, the Lake Whatcom kokanee 
hatchery will no longer be considered a regulated pathogen free facility (Daley et al. 2003).  
Therefore, according to the Washington State Salmonid Disease Control Policy, the distribution 
of eggs or fish to any facility outside of the Lake Whatcom drainage would be eliminated 
(WDFW Fish health manual 1996).  The only other alternative is 100% screening of all exported 
eggs, which is a very expensive procedure and logistically not feasible. 
 
In June of 2003, WDFW completed a feasibility study to explore broodstock replacement options 
for the current program. The report identified and evaluated 7 optimum candidate waters likely 
able to meet the overall statewide kokanee egg goal. American Lake was recognized as one of 
the potential broodstock sources. (Daley et al. 2003) 
 
American Lake is the largest (1,125 acres) natural lake in Pierce County located approximately 5 
miles south of Tacoma.  The lake has no surface outlet, hence no anadromous fish access.  
Approximately 374 acres of the lake lies within the Fort Lewis Military Reservation and 975 
meters of the lakes shoreline abuts the Washington Army National Guard reservation, which 
includes Murray Creek.  Kokanee have been stocked in American Lake since 1960 (Stephenson, 
j. 1978) and the economic value of the American Lake fishery is estimated to be about 568,000 
annually (Daley et al. 2003). 
 



In 2001, WDFW took the opportunity to meet with National Guard staff at Camp Murray to 
discuss the importance of maintaining the current kokanee fishery and utilizing Murray Creek for 
fry acclimation and release and adult broodstock collection.  Staff at Camp Murray, Ted 
Anderson and Karen Zirkle, were very interested and enthusiastic in cooperating with WDFW. 
Murray Creek is 4.8 km in length and is the only stream that flows into American Lake.  It is 
hydraulically connected to groundwater.  Historically the upstream gain in stream flow exceeded 
the downstream loss and Murray Creek maintained perennial flow to American Lake.  However, 
during the summers of 1994 and 1995 and intermittently ever since that time the lower reach of 
Murray Creek has gone dry (Carlstad, C. 1998).  The loss or reduction of stream flow has had 
two significant impacts on American Lake.  It eliminated the creek as the only spawning stream 
for native cutthroat trout and kokanee.  The creek is also a source of low phosphate and nitrate 
surface water, which is vital in moderating the build up of phosphate in American Lake. 
 
A report produced for the US Army at Fort Lewis in 1996 identified seven major causes of 
stream flow loss in Murray Creek, which are listed below (Shapiro & Assoc., 1996). 
 

• Climate effects (precipitation on groundwater storage & stream flow) 
• Invasive plants (Reed canary grass) 
• Beaver dams (wetland development) 
• Impervious surface areas 
• Logistics center groundwater remediation activities 
• Madigan Army Medical cooling system groundwater pumping 
• Road crossing obstructions to stream flow 

 
Additional disturbances to the creek occurred in the early 90’s when a broken water main sent 
sediments gushing down the channel forming a muck delta at the entrance to American Lake 
(Karen Zirkle, personal communication).  In 2002, WDFW contacted environmental personnel 
from Camp Murray to formulate a plan for restoration of Murray Creek.  With the cooperative 
effort of Fort Lewis, Washington Army National Guard at Camp Murray and local volunteers 
work has started to restore Murray Creek to a functioning stream system.  Several disturbances 
have been repaired.  Restoration efforts are on going.  To date the following work has been 
accomplished. 
 

• Reed Canary Grass manual removal and spraying 
• Replant native species 
• Remove 3 culverts and replace with a box culvert 
• Dredge delta 
• Relocate beavers and dams   

 
Work completed in 2003 and 2004 restored flow to Murray Creek for several months.  This 
allowed WDFW to acclimate and release 400,000 kokanee fingerlings to Murray Creek water in 
April/May of 2004.  Kokanee eggs were shipped from Lake Whatcom to Chambers Creek 
Hatchery where they were incubated on 13 C spring water.  The fry were ponded in January 
2004 and initial feeding began at the hatchery.  The fish were transferred to a net pen in two 
groups of 200,000 each. The net pen we used was placed inside a concrete vault located in the 
main channel of Murray Creek.  The vault was once used by the military to supply water to 



latrines several decades before (Karen Zirkle, personal communication).  It provided a stable 
platform to place the pen.  The net pen location was less then 0.5 kilometers from the mouth of 
the creek.  The dimensions were 4.5m x 6.1m x 1.2 m.  Flow through the pen averaged one cfs.  
 
Group one was transferred on April 15th @ 0.56 grams each.  This group was otolith marked as 
eggs.  Group one was released into Murray Creek at dusk on May 11th.  The fish were 1.5 grams 
each. Hatchery staff walked the creek one day after release and estimated over 90% of the 
fingerlings had entered American Lake.  Group two was transferred to the net pen on May 14th 
@ 0.82 grams each.  This group was not released directly into Murray Creek, but rather was 
planted by barge in a deep part of American Lake.  This occurred on May 27th.  Barge planting is 
the standard method for releasing kokanee into American Lake.  Group 2 was not otolith marked. 
 
In the future the otolith mark will allow managers to evaluate different release strategies.  In 
2004 we plan to otolith mark both groups which was not possible with the 2003 group (Rich 
Eltrich, personal communication). 
 
Releasing 400,000 fingerlings provides a planting density of 367 fry/acre, survival to maturity 
would be expected to be at least 3%.  With an average fecundity of 670 eggs/female the 
theoretical egg availability would be 4,145,634 (Daley et al. 2003). These eggs would replace 1/3 
of the Lake Whatcom kokanee program.  In order to allow transfer of gametes out of the 
American Lake drainage, three years of virology sampling will need to be completed on the 
returning adults.  This work will begin in 2006.  Testing would include 300 ovarian and 60 
kidney/spleen.  After three years, an annual sample of 150 ovarian and 60 kidney/spleen will be 
required (Daley et al. 2003, WDFW Fish Health Manual, 1996).    
 
In summation, the Washington Department of Fish and Wildlife is working to use Murray Creek 
and American Lake for development of an alternative kokanee broodstock source to replace part 
of the Lake Whatcom program.  With the continued cooperation and hard work that has been 
demonstrated by the Washington Army National Guard staff, Fort Lewis staff, WDFW staff and 
numerous volunteers, the challenges that face Murray Creek can be overcome.  This will give 
kokanee the opportunity to utilize the only spawning stream available and demonstrate American 
Lake has the capability of producing a large kokanee escapement. 
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Abstract 
In 2002 the Nez Perce Tribal Hatchery, constructed in Idaho’s Clearwater River Subbasin, 
became one of the first full-scale Chinook salmon restoration programs to incorporate elements 
of NATURES rearing strategies in its production programs.   These unique techniques include; 
lower density rearing, diurnal water temperatures, habitat simulation, and remote site 
acclimation during juvenile spring Chinook life stages.   Another strategy, releasing presmolts 
in October to over-winter in associated spawning habitat instead of the typical spring-time 
smolt release is being tested as a supplementation technique to rebuild natural spawning 
populations. This strategy exposes juveniles to natural conditions in the tributaries and 
mainstem rivers throughout an entire winter season prior to their seaward emigration. 
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Introduction 
The Nez Perce Tribal Hatchery Complex was constructed in the Clearwater River Subbasin of 
Idaho (Figure 1), becoming one of the first full scale Chinook salmon restoration programs to 
incorporate elements of NATURES rearing strategies. The hatchery has been in operation for 
approximately two years.   
 
 

 
Figure 1. Vicinity Map Nez Perce Tribal Hatchery. 

 



The overall goal of the Nez Perce Tribal Hatchery program is to restore and enhance naturally 
reproducing anadromous populations of spring, and fall Chinook salmon in the Clearwater 
River Subbasin.  Detailed program goals included the following: 

1. Develop, increase, and reintroduce natural populations of spring, early-fall, and fall 
Chinook. 

2. Sustain long term preservation and genetic integrity of target fish populations. 
3. Keep the ecological and genetic impacts of non-targeted fish populations within 

acceptable limits. 
4. Provide harvest opportunities for Tribal and non-Tribal anglers. 

 
Strategies to fulfill the program goals included the following: 

1. Employ central incubation and rearing facilities in concert with several satellite 
acclimation and release facilities in watersheds targeted for restoration and 
enhancement. 

2. Incorporate adult collection facilities in watersheds targeted for restoration and 
enhancement. 

3. Adopt and utilize NATURES criteria in the facility design and operation. 
4. Monitor and evaluate effectiveness of fulfilling program goals. 

 
Nez Perce Tribal Hatchery Complex 
Nez Perce Tribal Hatchery is a complex of several facilities throughout North Central Idaho; 
referred to as the Nez Perce Tribal Hatchery Complex – NPTHC.  The central incubation and 
rearing facility is located on the mainstem Clearwater River and identified as Site 1705 (Table 
1).  Sweetwater Springs, an early rearing facility, is located on Sweetwater Creek (Table 1).  
Five remote acclimation facilities are utilized for final rearing and release into target streams.   
 
Table 1: Phase I design capacities of the Nez Perce Tribal Hatchery Complex. 

Facility Location 
 

Water source Species Capacity 
(# fish) 

Pounds 

Site 1705   
 

Clearwater R. wells, Clearwater R. fall Chinook 
spring Chinook  
 

1,036,000a

   400,000 
  226,000b

11,510
3,430
1,380

Sweetwater 
Springs  

Sweetwater Creek springs 
 

fall Chinook 
 

207,000c

 
1,955

Cedar Flats  Selway  R.  Selway R.  fall Chinook 200,000 3,050

Luke’s Gulch  S. Fork 
Clearwater R.  

well, Clearwater R. fall Chinook 200,000 4,260

N. Lapwai Valley  Lapwai Creek  well, Lapwai Creek fall Chinook 500,000 8,930

Newsome Creek  Newsome Creek  Newsome Creek spring Chinook 75,000 2,590

Yoosa/Camp 
Creek  

Yoosa Creek  Yoosa Creek and 
Camp Creek 

spring Chinook 150,000 4,500

a Current early rearing capacity of 1.4 million sub-yearlings. 
b For transfer to remote acclimation sites. 
c Transfer in from 1705 and transferred out to Cedar Flats facility.  



The NPTHC cultures/rears both fall and spring Chinook salmon.  The spring Chinook stocks 
are primary targets of the NATURES rearing components, although some facets of NATURES 
are incorporated into the rearing of the fall Chinook stocks. 
  
Filtered, UV-treated, chilled river water and well water are used to maintain desirable water 
temperature profiles to achieve release size goals as established in the Bio-Program (FishPro, 
Inc. 2002. Biological Criteria for Design of the Nez Perce Tribal Hatchery).     
 
Spring Chinook
A. Incubation 

Eggs are incubated at 48º F with a diurnal temperature fluctuation of 4º F over a 24 
hour period.  The coldest water temperature is achieved at 0300 hours. 

   
B. Early Rearing 

Fry emerge from mid-November to mid-December and are transferred to intermediate 
rearing tanks (210.9 ft³) at the proper numbers (30,000 to 34,000) to maintain  low 
density rearing (0.30 lbs/ft3/in) until tagging in March/April (180 fish per pound or 
2.5g) and transfer to outdoor NATURES ponds (“S” channels) or remote satellite 
sites. 
 

C. Final Rearing/Acclimation 
Parr scheduled for release in June into Meadow Creek, are reared in the “S” channels 
where they receive the exercise component of NATURES and the low density rearing 
(0.10 lbs/ft3/in) component. 
 
Parr, destined for release as pre-smolts, are transferred in mid to late May to the 
remote satellite sites.  They are acclimated for approximately five months and 
released in mid-October at a target size of 29 to 34 fish per pound (13 to 15.5g). 

 
Fall Chinook    
A. Incubation 

Eggs are incubated at constant water temperature of 52º F.  
 

B. Early Rearing 
Fry emerge from mid-January to early February and are transferred to intermediate 
rearing tanks (210.9 ft³), where they are held until reaching a size of 500 fish per 
pound (0.9g).  Due to water and spatial limitations, the fish are transferred to 
conventional raceways (8,050 ft³) until attaining a tagging size of 180 fish per pound 
(2.5g).  The fish receive a CWT in late April/early May and are transferred from the 
marking trailer into the NATURES acclimation ponds at Site 1705.  Fish destined for 
acclimation at the remote satellite sites are returned to the conventional raceways, 
held for 10 to 14 days and then transferred to the satellite sites. 

 
C. Final Rearing/Acclimation 

Fall Chinook reared in the NATURES acclimation ponds (21,500 ft³) at Site 1705 are 
released as sub-yearlings in early June at a target size of 50 fish per pound (9g). 



 
Sub-yearlings, destined for release in late May into Lapwai Creek, are reared in 
NATURES acclimation ponds (13,972 ft³) at the North Lapwai Valley satellite site. 
Target release size is 50 fish per pound (9g). 

 
Future Years 
The original design target production for NPTHC was 2.8 million fall Chinook sub-yearlings 
and 768,000 spring Chinook juveniles.  A two phase development process was approved by the 
Northwest Power Planning Council for NPTHC.   Phase I production goals were set at 1.4 
million fall Chinook sub-yearlings and 625,000 spring Chinook juveniles (Table 2) and 
biological triggers were established for the implementation of Phase II (Table 3).   
  
Table 2: Nez Perce Tribal Hatchery Complex fish production numbers. 

Species NPTH 
Original 
Design 
Target  

Phase I 
NPTH 
Goal 

2003 
Planned 

2003 
Actual 

2004 
Planned 

2005 
Proposed 

Fall Chinook 
“0+” Smolt 
“1+” Smolt 
Green Eggs 

 
2,800,000  

 - 0 -  
3,960,000  

1,400,000
- 0 - 

1,978,000

500,000
- 0 - 

612,000

 
505,978

- 0 - 
619,500

 
500,000

- 0 -  
    1,000,000  

 750,000 
- 0 -  

1,978,000 

Spring 
Chinook 
Smolts 
Parr 
Pre-Smolts 
Green Eggs 

 
 

- 0 -  
503,000  
265,000
768,000 

- 0 - 
400,000
225,000

1,004,000

657,000 
400,000
 225,000 

1,004,000

653,863
390,303 
225,227 
529,853

 
 

- 0 - 
400,000 

  225,000 
850,000 

- 0 - 
400,000
225,000
850,000

 
Table 3: Summary of Biological Triggers for phased expansion of Nez Perce Tribal Hatchery 
Complex.   
     Stock Biological Trigger 

Spring Chinook Smolt-to-adult return rates for NPTHC produced spring Chinook salmon in Lolo and 
Newsome creeks meet or exceed 0.4% for 4 out of 5 years (approximately 546 returning 
adults to the Clearwater River Subbasin from Phase I production). 

Fall Chinook Returning NPTHC adults to Site 1705 sufficient to produce 500,000 sub-yearling smolts 
(approximately 800 returning adults to the Clearwater River Subbasin from Phase I 
production). 

Early-Fall Chinook Returning naturally produced adults to Luke’s Gulch or Cedar Flats sufficient to produce 
100,000 sub-yearling smolts (approximately 120 to 170 returning adults to the Clearwater 
River Subbasin from early-fall Chinook natural production). 

 
 
Acknowledgements: 
The authors acknowledge the support of this project by Mr. Ken Kirkman of the Bonneville 
Power Administration, and funding by the Bonneville Power Administration.  
 
References: 
FishPro, Inc.  2002.  Biological Criteria for Design of the Nez Perce Tribal Hatchery Program. 



A New Model for Hatchery Management: Principles, Recommendations and Tools of the 
Hatchery Scientific Review Group (HSRG). 

 
 

Paul Seidel*, Washington State Department of Fish and Wildlife, 600 Capitol Way N, Olympia, 
WA  98501–1091. Tel: (360) 902-2652. Email: seideprs@dfw.wa.gov  (* denotes speaker). 

 
Michael Kern, Long Live the Kings, 1326 Fifth Avenue, Suite 450, Seattle, WA  98101. Tel: 
(206) 382-9555 Ext 25. Email: mkern@lltk.org. 

 
Abstract 
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managers and scientists are working to implement reform, using innovative tools that 
demonstrate how changes in hatchery, habitat and harvest management interrelate. 
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Hatchery Reform Project 
 

Washington has the largest hatchery system in the world. There are over 100 hatchery 

facilities in Puget Sound and coastal Washington operated by the Washington State 

Department of Fish and Wildlife (WDFW), and the Puget Sound and Coastal Indian 

Tribes (the state and tribes “co-manage” Washington’s anadromous salmonids). In 

addition, three hatcheries are operated by the US Fish and Wildlife Service (USFWS). 

These hatcheries produce more than 100 million juvenile salmon and steelhead every 

year, playing an important role in the North Pacific sports and commercial fishing 

economy, and in meeting tribal treaty harvest obligations. Washington gets an annual 

direct benefit of over $850 million from recreational fishing, which ranks eighth among 

states. Hatcheries provide 70% of the salmon harvested in Puget Sound (WDFW 1997). 

However, outdated hatchery practices have also been identified as one of the factors 

responsible for the depletion of wild salmon stocks (Waples 1991; Hilborn 1992; 

Reisenbichler and Rubin 1999; Levin et al. 2001). 

 

The Puget Sound and Coastal Washington Hatchery Reform Project is a systematic, 

science-based redesign of hatcheries to achieve two new goals: 1) helping conserve 

naturally spawning populations; and 2) supporting sustainable fisheries. The project has 

been funded by the US Congress, beginning in FY 2000. The project has enjoyed 

bipartisan support, including Congressman Norm Dicks (D-WA), Senator Patty Murray 

(D-WA), former Senator Slade Gorton (R-WA), Washington Governor Gary Locke, 

Salmon Recovery Funding Board Chair Bill Ruckelshaus, the directors of WDFW, 

NWIFC, USFWS-NW Regional Office, NOAA Fisheries-NW Regional Office, and 



many other regional leaders. Rather than focus on an unproductive debate over whether 

hatcheries are inherently good or bad, the project began with the premise that hatcheries 

are tools that can be better used and evaluated, to meet clear and measurable goals for 

salmonid stocks.  

 

Hatchery Scientific Review Group 

 

The heart of the Hatchery Reform Project is the Hatchery Scientific Review Group 

(HSRG), the independent scientific panel established by Congress. The HSRG is 

composed of five unaffiliated scientists (selected from a pool of candidates nominated by 

the American Fisheries Society’s Past Presidents Council); and four scientists designated 

by WDFW, the Northwest Indian Fisheries Commission (NWIFC), NOAA Fisheries and 

USFWS. Like the unaffiliated scientists, the affiliated scientists are responsible for 

evaluating scientific merits and are not to represent agency policies. The scientists 

serving on the HSRG have a broad range of experience. Their disciplines include 

biology, genetics, ecology, fisheries management, fish culture, fish health, biometrics and 

others. Members include: 

• John Barr (Vice Chair), NWIFC 

• Lee Blankenship (Vice Chair), Northwest Marine Technology 

• Donald Campton, PhD, USFWS 

• Trevor Evelyn, PhD, Department of Fisheries and Oceans Canada (retired) 

• Tom Flagg (alternate), NOAA Fisheries 

• Conrad Mahnken, PhD, NOAA Fisheries 

• Lars Mobrand, PhD (Chair), Mobrand Biometrics 

• Lisa Seeb, PhD, Alaska Department of Fish & Game  

• Paul Seidel, WDFW 

• William Smoker, PhD, University of Alaska 

 

Regional Review Process 

 



After developing a scientific framework and review tools, the HSRG divided Puget 

Sound and the coast into ten regions, to evaluate the effectiveness of hatchery programs 

against their stated goals and in the context of the quality of habitat and status of the 

stocks in each region, and the operations of each hatchery program (see Figure 1). Three 

regions were reviewed in 2001 (Eastern Strait of Juan de Fuca, South Puget Sound, 

Stillaguamish/Snohomish Rivers), three more in 2002 (Skagit River Basin,  

Nooksack/Samish Rivers, Central Puget Sound) and the final four in 2003 (Hood Canal,  

Willapa Bay, North Coast, Grays Harbor).  

 



 
Figure 1: Hatchery reform regions in Puget Sound and Coastal Washington. 



The reviews consisted of two three-day meetings held in the region, over consecutive 

months. The HSRG worked with regional managers to ensure clear understanding of the 

co-managers’ goals, habitat and stock status via written briefing books, field tours and 

face-to-face meetings. The importance of evaluating hatchery programs in the context of 

the watersheds in which they reside was clear in each region reviewed. Each region has 

its own set of challenges; and appropriately, the co-managers have different goals for 

each region. 

 

The HSRG published a report in April 2004 that includes reviews of over 100 hatcheries 

and 200 hatchery programs, providing over 1,000 program-specific recommendations 

that address shortcomings at current hatchery programs. The report also provides the 

HSRG’s three principles for hatchery management, 18 system-wide recommendations 

that serve as hatchery-based strategies for achieving these principles (see Table 1), and a 

set of tools the co-managers can use to implement reform (more detail on these 

principles, recommendations and tools is available from the project’s web site, 

www.hatcheryreform.org) The HSRG believes that institutionalizing these principles and 

recommendations will be critical to achieving meaningful, long-term hatchery reform. 



 
1) Well-Defined Goals: Goals for all affected stocks must be quantified, where possible, and 

expressed in terms of values to the community (harvest, conservation, education, research, 

employment, recreation, etc.).  

• Set Goals for all Stocks and Manage Hatchery Programs on a Regional Scale 

• Measure Success in Terms of Contribution to Harvest, Conservation and Other Goals 

• Have Clear Goals for Educational Programs 

2) Scientific Defensibility: Once the goals for the resource have been established, the scientific 

rationale for a hatchery program must be spelled out to explain how the hatchery program expects 

to achieve these goals. The purpose, operation, and management of each hatchery program must 

be scientifically defensible. The strategy chosen must be consistent with current scientific 

knowledge. Where there is uncertainty, hypotheses and assumptions should be articulated. 

• Operate Hatchery Programs within the Context of Their Ecosystems 

• Operate Hatchery Programs as either Genetically Integrated or Segregated Relative to 

Naturally-Spawning Populations 

• Size Hatchery Programs Consistent with Stock Goals 

• Consider both Freshwater and Marine Carrying Capacity in Sizing Hatchery Programs 

• Ensure Productive Habitat for Hatchery Programs 

• Emphasize Quality, Not Quantity, in Fish Releases 

• Use In-Basin Rearing and Locally-Adapted Broodstocks 

• Spawn Adults Randomly throughout the Natural Period of Adult Return 

• Use Genetically-Benign Spawning Protocols that Maximize Effective Population Size 

• Reduce Risks Associated with Outplanting and Net Pen Releases 

• Develop a System of Wild Steelhead Management Zones (a special case) 

• Use Hatchery Salmon Carcasses for Nutrification of Freshwater Ecosystems, while Reducing 

Associated Fish Health Risks 

3) Informed Decision Making: Decisions must be informed and modified by continuous evaluations 

of existing programs and by new scientific information. Hatcheries can then be managed in a 

more flexible and dynamic manner, in response to changing environmental conditions, new 

scientific information, the economic value of the resource, and other models. This responsive 

process should be structured to allow for innovation and experimentation. 

• Adaptively Manage Hatchery Programs 

• Incorporate Flexibility into Hatchery Design and Operation 

• Evaluate Hatchery Programs Regularly to Ensure Accountability for Success 

 
Table 1: HSRG Principles for Hatchery Management and System-Wide 
Recommendations. 



What Does Hatchery Reform Mean? 
 

Taken together, the HSRG’s principles and recommendations represent a philosophic 

change in how to think about hatcheries. In the past, hatcheries were viewed largely as a 

means of providing harvest. Hatcheries should now be seen as one of several tools 

available for conserving salmon and providing fishing opportunities. Hatcheries are by 

their nature a compromise, a balancing of benefits and risks to the target stock, other 

stocks, and the environment. A hatchery program is the right solution only if it is better, 

in a benefit/risk sense, than alternative means for achieving the same or similar goals. 

Hatcheries should be evaluated on how they affect the watershed in which they are 

located. This means a hatchery program—whether for harvest or conservation 

purposes—cannot be successful unless it is consistent with the goals for the natural 

populations it is derived from and/or encounters outside the hatchery.  

 

In this context, it is impossible to generalize about hatcheries. Each program is different 

and its success depends on how consistent the program is with goals and conditions in 

that watershed.  

 

Hatchery fish must be managed either as part of a natural population or as a wholly 

separate population (see the discussion on integrated/segregated hatchery programs 

below). In either scenario, the intent is to ensure that the natural environment is “in 

charge” of genetic and behavioral adaptation.  

 

The size (number of fish released) of a hatchery program must be considered in light of 

what the available habitat can sustain, and the habitat needs of other fish in the 

watershed. A hatchery should not be viewed as a substitute for healthy spawning habitat, 

but as an extension of it—a productive tributary of the river on which the hatchery is 

located. Hatchery fish spend the majority of their life in the wild and—like their wild 

counterparts—they need healthy streams, rivers, estuaries and oceans.  

 

Hatchery Reform Project 2004 Work Plan 



 

Now that the regional reviews are complete, the co-managers have asked the HSRG and 

facilitation team to remain empanelled to help them design an implementation strategy 

for hatchery reform. The HSRG and the co-managers agreed to a work plan to begin 

creating that strategy in 2004. The work plan began with a series of technical discussions 

in the spring among HSRG, WDFW and NWIFC scientists, to review HSRG findings 

and develop tools to aid in the implementation of reform. After these discussions, the 

HSRG and the co-managers hosted a series of regional, technical workshops during the 

summer, at which the HSRG and regional co-managers used those tools to evaluate 

integrated and segregated hatchery programs (see discussion below) in a regional context.  

 

These workshops helped the managers prepare for the next set of activities, facilitated 

regional co-manager meetings in the fall to identify and address issues that need to be 

resolved to complete implementation. In the winter, the co-managers are continuing to 

hold facilitated discussions and beginning to make agreed-upon changes to recovery 

plans, Endangered Species Act compliance documents, and other salmonid management 

documents and processes. The scientists, managers and HSRG are well on the way to 

successfully completing this work plan and preparing for the final year of implementation 

planning in 2005. 

 

Integrated and Segregated Hatchery Programs 

 

Although all the system-wide recommendations are important, the HSRG believes that 

the core concept that must be implemented to achieve hatchery reform is the idea of 

operating hatchery programs as either genetically integrated or segregated relative to 

naturally-spawning populations. Getting integrated/segregated “right” would address 

many of the risks arising from current hatchery operations. In addition, understanding this 

concept is essential for applying the AHA model discussed below. Below is an overview 

of the concept. For a full explanation, please see the technical discussion papers on this 

topic available on the Publications page of the Hatchery Reform Project’s web site. 

 



The HSRG has determined that hatchery programs must be operated as either integrated 

(one gene pool that spawns in both the hatchery and the wild) or segregated (a genetically 

discrete population that spawns only in the hatchery). Integrated programs require wild 

fish for broodstock, therefore healthy habitat must be available to support these natural 

spawners. In segregated programs, very few hatchery fish can be allowed to spawn in the 

wild. So, strict guidelines must be met to ensure that fish from these programs do not 

pose unacceptable risks to natural populations. To achieve these broodstock and 

spawning ground composition criteria, managers must be able to identify and distinguish 

hatchery- and natural-origin fish in the broodstock and on spawning grounds. 

 

This definition provides a template for broodstock management and operations, so 

“intermediate” programs cannot exist without posing potentially significant risks. Each 

program must select one of the two strategies and follow it as closely as possible. Both 

strategies represent trade-offs between operational efficiency and genetic risks to natural 

populations. 

 

For segregated programs, the goal is to create a hatchery-adapted population genetically 

distinct from natural populations. Fish from segregated programs may pose significant 

genetic and ecological risks if they spawn in wild, so segregated programs must be 

designed and operated such that less than five percent of the fish on the spawning 

grounds are of hatchery origin. Segregated programs may be appropriate: 1) when the 

probability is very low of hatchery fish spawning with natural fish; 2) for mitigation 

programs, where spawning habitat no longer exists; or 3) where smolt release/adult 

recollection facilities are physically separated from natural spawning areas. 

 

Integrated programs are intended to artificially increase the demographic abundance of a 

natural population. The goal is for natural selection in the wild to drive the fitness of the 

population of as a whole. This can be accomplished by ensuring that the proportion of 

natural-origin fish in the hatchery broodstock exceeds the proportion of hatchery-origin 

fish on the spawning grounds (this proportion should be weighted more toward natural-

origin fish for stocks that are highly valued). For this reason, the size and health of the 



naturally spawning component of the population sets the limits for how large the hatchery 

spawning component can be. Program sizes must be matched to productivity and capacity 

of natural environment. Integrated programs may be appropriate: 1) for programs with 

primary or secondary conservation goals; or 2) when risks from natural spawning by 

hatchery-origin fish needs to be minimized.  

 

The “payoff” for managing properly integrated and segregated hatchery programs is that 

the resulting hatchery and naturally spawning populations will, over time, become better 

adapted to their environments (“fitter”), and therefore survive at higher rates than 

populations influenced by improper integration and segregation. That means more fish 

returning to make use of available habitat, maintain a healthy natural population, and/or 

support larger harvest programs. 

 

Another way to improve fitness is to take steps to reduce domestication—that is, to 

minimize the difference between the hatchery and natural environments. 

Measures that can be taken to reduce domestication include (for more detail, see HSRG 

2004): 

• Mating Protocols 

• Wild Salmon Template (Physiological, Morphological, Behavioral) 

• Fish Health Management (Lower Densities, Potential Effects of Culling and 

Antimicrobial Treatment) 

 

The “All H Analyzer” (AHA) Model 

 

In a joint effort, HSRG, WDFW and NWIFC scientists have recently developed a tool for 

holistic, watershed-based salmon management, looking stock-by-stock at what the habitat 

can support, the impacts from harvest, the benefits and risks of hatcheries. This is being 

referred to as the “All H Analyzer” (the H’s refer to habitat, harvest and hatcheries) or 

AHA model (see Figure 2). The HSRG and the co-managers used this model in technical 

workshops held in all ten regions during the summer of 2004. The purpose of the 

workshops was to review the guidelines for integrated and segregated hatchery programs, 



apply them to regional case studies using the model, and prepare for regional, co-

manager decision-making meetings to follow.  

 

The AHA model is based on recent work by scientists from the HSRG, WDFW, NWIFC, 

NOAA Fisheries and other organizations relating to genetic integration or segregation of 

hatchery and natural populations, fitness loss due to genetic interaction, how variable 

ocean conditions affect the survival of salmon, and other topics. The model allows users 

to input data reflecting current habitat productivity/capacity, harvest rates, and hatchery 

operations in a watershed (upper left of Figure 2). The model then predicts what should 

result from that set of factors, both in terms of the number of fish returning to the habitat, 

harvest and hatchery and the amount of influence the natural environment will have on 

the composite, integrated hatchery/natural population (lower left of Figure 2). The model 

also allows the user to explore how these results will change in the short- and long-terms 

if habitat, harvest and/or hatchery parameters are changed (right side of Figure 2). In this 

way, the model lets the user confirm current conditions, describe a vision for the long-

term future of the population, and develop short-term scenarios for achieving or 

approaching that vision.  

 

The result is a quantitative model that brings together habitat, harvest and hatchery 

management. It can be used to predict the likely outcomes of different environmental 

conditions and fish management strategies, making it a useful tool for analyzing policy 

alternatives. It is also useful in that it makes key assumptions explicit—everything from 

the productivity of a particular habitat, to the number of recruits per spawner, to the rate 

of fitness loss associated with a level of adaptation to the hatchery environment. These 

assumptions can then be tested and modified if necessary. The power of the model is that 

it puts the three “H’s” on the same page, in a format that anyone can use to evaluate the 

likely quantitative results of making changes to habitat, harvest and/or hatchery 

programs. 



 
Figure 2: “All H Analyzer” (AHA) Model 



More information on all topics discussed in this manuscript and all Hatchery Reform 

Project-related publications are available on the project’s web site, 

www.hatcheryreform.org, or by calling the project’s third-party project manager, Long 

Live the Kings, at (206) 382-9555. 
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Abstract 
Atlantic salmon (Salmo salar) eggs were incubated at 4, 6, 8, 10, 12, and 14 °C from 
fertilization to complete yolk absorption.  Results from the first of two years’ work are 
presented in this paper, with the understanding that models and conclusions may change after 
analyses of results from the second year.  Provisional models for egg to fry mortality  
 
Y(mortality %) = 189.17-74.83X(°C)+9.09X(°C)2-0.30X(°C)3; r2 = 0.959 
 
and time to 50% hatch 
 
Y(days to 50% hatch) = 27475.88/(X(°C)+6.8616)2.2718;  r2 = 0.996 
 
predicted minimum mortality at 5.7 °C and days to hatch ranging from 122 to 35 days, at 4 and 
12 °C, respectively.  Samples of eggs and larvae were preserved in 10% formalin over various 
intervals during incubation, from which photo-micrographs were made of important stages of 
development.  Embryo tissue and yolk weights were measured and utilized to model tissue 
growth, yolk absorption, and maximum alevin wet weight (MAWW) in relation to temperature.  
Provisional models for time to 10% and 0% yolk remaining (based on wet weight) follow 
 
Y(days to 10% yolk) = 306.61e-0.1176X(°C)    r2 = 0.993 
 
Y(days to 0% yolk) = 326.79e-0.1121X(°C)    r2 = 0.999 
 
In addition, eyed eggs and newly hatched larvae were transferred from 8 °C to 10, 12, and 14 
°C, with significant decreases in mortality compared to constant exposure to these higher 
temperatures.  Finally, oxygen consumption measurements (i.e. Ro; mg/L O2 per 1000 
individuals per hour) were conducted and modelled for eggs and larvae at 4 to 10 °C from 200 
to 800 ATUs.  To illustrate these relationships, the model with the highest r2 value was 
observed at 6 °C and is presented below 
 
Y(Ro @ 6 °C; mg/L O2 per 1000 *hr) = 0.1916X(days) – 7.3887 r2 = 0.878 
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Abstract 
Atlantic salmon (Salmo salar) eggs were incubated at 4, 6, 8, 10, 12, and 14 °C from 
fertilization to complete yolk absorption.  Results from the first of two years’ work are 
presented in this paper, with the understanding that models and conclusions may change 
after analyses of results from the second year.  Provisional models for egg to fry mortality  
 
Y(mortality %) = 189.17-74.83X(°C)+9.09X(°C)2-0.30X(°C)3; r2 = 0.959 
 
and time to 50% hatch 
 
Y(days to 50% hatch) = 27475.88/(X(°C)+6.8616)2.2718;  r2 = 0.996 
 
predicted minimum mortality at 5.7 °C and days to hatch ranging from 122 to 35 days, at 
4 and 12 °C, respectively.  Samples of eggs and larvae were preserved in 10% formalin 
over various intervals during incubation, from which photo-micrographs were made of 
important stages of development.  Embryo tissue and yolk weights were measured and 
utilized to model tissue growth, yolk absorption, and maximum alevin wet weight 
(MAWW) in relation to temperature.  Provisional models for time to 10% and 0% yolk 
remaining (based on wet weight) follow 
 
Y(days to 10% yolk) = 306.61e-0.1176X(°C)    r2 = 0.993 
 
Y(days to 0% yolk) = 326.79e-0.1121X(°C)    r2 = 0.999 
 
In addition, eyed eggs and newly hatched larvae were transferred from 8 °C to 10, 12, 
and 14 °C, with significant decreases in mortality compared to constant exposure to these 
higher temperatures.  Finally, oxygen consumption measurements (i.e. Ro; mg/L O2 per 
1000 individuals per hour) were conducted and modelled for eggs and larvae at 4 to 10 
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°C from 200 to 800 ATUs.  To illustrate these relationships, the model with the highest r2 
value was observed at 6 °C and is presented below 
 
Y(Ro @ 6 °C; mg/L O2 per 1000 *hr) = 0.1916X(days) – 7.3887 r2 = 0.878 
 
Introduction 
Many researchers have studied and reported on the influence of temperature on salmonid 
egg development and mortality (Billard and Jensen, 1996; Beacham and Murray, 1990; 
McLean et al., 1991; Velsen, 1987; Gunnes, 1979; Peterson et al., 1977).  Hence, we 
have information about egg and larval mortality at various temperatures.  However, the 
temperature ranges tested and knowledge about differences in sensitivity to high or low 
temperatures at various stages of development are limited.  In particular, knowledge 
about high and low water temperature tolerance of Atlantic salmon eggs also needs to be 
improved.  Furthermore, the impact of temperature on embryo development, growth, and 
yolk conversion needs to be studied.  Hence, a comprehensive study was undertaken to 
incubate Atlantic salmon eggs in a series of constant temperatures.  During the egg to fry 
period various parameters were looked at, including overall mortality, embryonic and 
larval development rates, oxygen consumption rates, and incidence of abnormalities. 
 
Methods 
Atlantic salmon eggs (pooled sub-samples of about 500 eggs per female, from 10 
females) and sperm (pooled from 10 males) were obtained from Pan Fish Canada 
hatchery at Rosewall Creek on Nov. 13, 2002.  These gametes were transported, cooled 
with ice in separate containers, to the Pacific Biological Station, where they were 
fertilized and placed in incubation baskets (4 replicates, of about 50 eggs per replicate, 
per temperature-treatment; plus ~200 extra eggs in additional baskets for developmental 
sampling)(Fig. 1).  Temperature baths consisted of 40-liter computer-controlled tanks of 
water with make-up water flows of 80 ml/min (i.e. about 3 exchanges per day).  Test 
temperatures were set at 4, 6, 8, 10, 12, and 14 °C (± 0.1 °C). 

 
Figure 1.  Baskets used for incubation.  Eggs were in a single layer, with 4 replicates per 
basket for mortality assessment plus an additional basket for growth rate sampling. 



 
Two types of temperature exposures were conducted.  The main experiment involved 
incubation of eggs from fertilization to complete yolk absorption in 6 constant 
temperatures of 4 to 14 °C mentioned above.  Data collected from this experiment 
included egg to fry mortality, hatching time determination, and embryo samples for 
growth and abnormality determination.  For growth and abnormality assessment, eggs 
and larvae (i.e. 5 to 10 individuals per sample) were sampled periodically from 
fertilization to complete yolk absorption.  The samples were anesthetized in a lethal dose 
of MS222 and placed in 10% formalin. 
 
The secondary experiment was set up to test impact of transferring either eggs at the eyed 
stage or larvae at hatch from 8 °C to 10, 12, and 14 °C.  Egg to fry mortality data was 
collected. 
 
Finally, oxygen consumption was measured for eggs and larvae at 4, 6, 8, and 10 °C from 
200 to 800 ATUs.  Modified experimental Plexiglas incubators (i.e. volume =1.5 L, flow 
rate 0.5 LPM, apparent velocity =310 cm/hr) were used (Fig. 2).  Three replicate 
incubators, each with a single layer (i.e. an average of 129 eggs or larvae per replicate), 
and one control incubator (i.e. just water) were used for each oxygen consumption test.  
Eggs or larvae were very carefully transferred from a test incubation temperature of 4 to 
10 °C, at 200, 400, 600, and 800 ATUs, to the 3 incubators, in dark conditions.  The 
incubator lids were fastened and any air bubbles were removed. After about one hour of 
acclimation, the outflow from each incubator was attached to the inflow, thus creating a 
closed loop.  Attached to each incubator was an oxygen sensor, connected to a multi-
channel oxygen meter, which was in turn connected to a data-logger.  Oxygen 
consumption was monitored and was allowed to decrease by several mg/L, after which 
the test was stopped and the test eggs and larvae returned to their appropriate incubation 
temperature to continue development until the next test interval.  Oxygen consumption 
rates (i.e. mg/L O2 per 1000 individuals per hour) were calculated for the linear portions 
of each oxygen consumption data set. 
 
Results 
Total egg to fry mortality (i.e. from fertilization to swim-up) for each of the 6 test 
temperatures was recorded and is illustrated in Figure 2.  A 3rd order polynomial model 
was fitted to the data and used to predict an optimum temperature of 5.74 ˚C. 
 



Atlantic salmon egg to fry mortality at various temperatures
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Figure 2.  Atlantic salmon egg to fry mortality (%) at 4 to 14 °C. 
 
Time to 50% hatch was determined for temperatures of 4 to 12 °C, since no eggs 
survived to hatch at 14 °C.  The data are summarized in Table 1 and a typical inverse 
relationship (i.e. modified Belehradek “BLM” model; Mclean et al., 1991) is as follows 
 
Y(days to 50% hatch) = 27475.88/(X(°C)+6.8616)2.2718;  r2 = 0.996 
 
and is illustrated in Figure 3. 
 
Temperature (°C) Date Time to 50 hatch 

(hours) 
Time to 50 hatch 

(days) 
Time to 50 hatch 
(ATUs; °C-days) 

4 Mar 4 2003 2904 121 484 
6 Feb 7 2003 2064 86 516 
8 Jan 9 2003 1368 57 456 

10 Dec 27 2002 1056 44 440 
12 Dec 19 2002 864 36 432 
14 No survivors     

Table 1.  Time to 50% hatch, in hours, days, or ATUs, for Atlantic salmon eggs at 4 to 
12 °C.  Eggs were fertilized on November 13, 2002. 
 



Atlantic salmon time to 50% hatch versus temperature
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Figure 3.  Atlantic salmon egg development time (red circle; days) to 50% hatch from 4 
to 12 °C.  The modified Belehradek model “BLM” (red solid line) with 95% confidence 
limits (red dashed lines) show a typical inverse relationship.  The ATU (°C-days) model 
(blue solid line) yielded a constant of 481.15 °C-days, while ATUs calculated from the 
BLM model (red long & short dashed line) were curvilinear with differences (i.e. BLM-
ATU models, green dashed line) ranging up to -47 days at 2°C. 
 
Alevin wet weight (including predicted maximum alevin weight wet {MAWW})and 
percent tissue and yolk weight changes, at 8 °C, are illustrated in Figure 4. 



Atlantic salmon alevin wet weight @ 8 °C
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Figure 4.  Atlantic salmon wet weight (gm) and yolk and tissue weights (%). 
 
Time to 10% and 0% yolk (based on wet weights) was modelled for 4 to 12 °C, along 
with MAWW for 8 to 12 °C (Fig. 5). 
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Figure 5.  Atlantic salmon time to 10% and 0% yolk and MAWW models versus 
temperature ranging from 4 to 12 °C. 



Embryonic stages of development were photographed from fertilization to complete yolk 
absorption and are currently being analysed for developmental models.  Figure 6 
illustrates a decapsulated egg at the eyed stage.  Figure 7 illustrates an abnormal embryo. 

 
Figure 6.  Atlantic salmon embryo at the eyed stage. 
 

 
Figure 7.  Abnormal Atlantic salmon embryo. 



Transferring eyed eggs and newly hatched larvae from 8 °C to 10, 12, and 14 °C resulted 
in lower egg to fry mortality compared to constant exposure (Table 2 and Fig. 8). 
 

Temperature (°C) Mortality (%) 
constant exposure 

Mortality (%) 
Eyed-egg transfer 

from 8 °C 

Mortality (%) 
hatch transfer 

from 8 °C 
4 13.8   
6 9.5   
8 17.2   

10 42.2 31.5 21.1 
12 93.6 28.4 23.7 
14 100.0 37.4 37.1 

Table 2.  Atlantic salmon egg to fry mortality (%) of eyed eggs and newly hatched larvae 
transferred from 8 °C to 10, 12, and 14 °C and for constant exposure from 4 to 14 °C. 
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Figure 8.  Atlantic salmon egg to fry mortality comparison at constant temperatures 
compared to eyed eggs and newly hatched larvae transferred from 8 ° C to 10, 12, and 14 
°C. 
 
Oxygen consumption measurements for eggs and larvae incubated at 4 to 10 °C were 
modelled (Fig. 9) and show an increase with both time and temperature. 
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Figure 9.  Atlantic salmon egg and larval oxygen consumption (Ro; mg O2 per 1000 * 
hr) at 4, 6, 8, and 10 °C. 
 
Discussion 
Results from the first of two years’ of work have been presented in this paper, with the 
understanding that models and conclusions may change after analyses of results from the 
second year.  The egg to fry mortality (Fig. 2) results for year 1 of our study indicated 
that mortality increased sharply between 8 and 10 °C, with 100 % mortality observed at 
14 °C.  The provisional model from these data suggests an optimum incubation 
temperature of 5.74 °C. 
 
The provisional hatching model predicted time to 50% hatch very well (Fig. 3), with days 
to hatch ranging from 122 to 35 days, at 4 and 12 °C, respectively.  Figure 3 also 
illustrates that the ATU model is not constant, and that if extrapolated to the low 
temperature of 2 °C, the ATU model would incorrectly predict 50% hatch by 47 days too 
late. 
 
The growth models (Fig. 4 & 5) for tissue and yolk were highly significant, with r2 values 
ranging from 0.8187 to 0.9925.  The MAWW model (Fig. 5) was not as robust, but still is 
useful as a first estimate.  A second series of incubation tests (test temperatures of 3, 4, 5, 
6, 7, 8, 9, 10, and 11 °C) were conducted in 2003-2004, and have just been completed in 
October.  Mortality and developmental data from this latter series have yet to be 
analyzed. 
 



The incidence of abnormalities was low (i.e. <1%) in our tests.  A larger-scale assessment 
of abnormalities in industry production incubation hatcheries is currently underway. 
 
The experiment conducted to test the possible improvement in egg to fry survival at 
higher incubation temperatures showed promise, with both eyed-egg transfers and newly 
hatched larval transfers to 12 and 14 °C resulting in mortality reductions of over 60% 
(Table 2 and Fig. 8).  A second series of transfer experiments (i.e. from 6 and 8 °C to 9, 
10, and 11 °C at eyed and hatch) were conducted in 2003 to 2004.  Mortality and 
developmental data are currently being analyzed. 
 
The oxygen consumption models (Fig. 9) were highly significant, with R2 values ranging 
from 0.6790 to 8778.  These models can be used by fish culturists, scientists, or fisheries 
managers to aid in predicting changes in Atlantic salmon egg and larval metabolic rates 
in response to temperature and stage of development.  For Atlantic salmon fish culture, 
this means that for a given flow rate, temperature, inflow dissolved oxygen level, and egg 
or larval load rate, dissolved oxygen levels at the outflow of an incubator can be 
calculated.  Hence, by adjusting the above parameters, adequate oxygen levels can be 
easily maintained in a production setting, ensuring low mortality and abnormality levels, 
and optimum conditions for growth.  Such oxygen consumption models for Pacific 
salmon were discussed by McLean et al. (1991). 
 
The objective of this research was to provide new information to Atlantic salmon fish 
culturists.  The results, models, and conclusions should be useful in understanding the 
impact of temperature on egg and larval development, growth, and survival.  When the 
second year’s work has been analyzed and new models have been developed, the new 
findings will be incorporated into our computer program called WinSIRP (i.e. Windows 
Salmonid Incubation and Rearing Programs) (Jensen et al. 2002) that is available at this 
web site http://www-sci.pac.dfo-mpo.gc.ca/aqua/sirp/incubwin_e.htm. 
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Abstract 
Spring Creek and Little White Salmon National Fish Hatcheries have contrasting ladder 
operation strategies for collecting fall Chinook salmon brood stock.  Spring Creek NFH 
traditionally operates the adult ladder, without closure, throughout the complete tule fall 
Chinook salmon run, from August until October.  Little White Salmon NFH operates a 
ladder intermittently from mid-October to mid-November to collect upriver bright fall 
Chinook salmon to maintain hatchery production.  The current, and alternative, ladder 
operations at both facilities were assessed for contribution to local fisheries, impacts to 
brood stock collection, and behavior of hatchery fish denied access to the hatchery ladder. 
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Abstract 
 
Hatchery operations are complex with multiple goals and objectives.  Therefore adding 
sampling burdens to hatchery staff needs to be done judiciously.  Recently, the 
introduction of mass-marking and mark-selective fisheries has created additional but 
necessary burdens to hatchery staff; additional because simple visual sampling for a few 
adipose clipped fish with CWT’s has been replaced with electronic sampling of all 
returning fish, and necessary because returns of all CWT’s are needed to properly 
evaluate the effect that mark-selective fisheries have on wild stocks.   Before mark-
selective fisheries, exploitation information from tagged hatchery fish was used as a 
proxy for exploitation of related natural stocks.  Because mark-selective fisheries 
intentionally exploit hatchery rather than natural fish, the straight substitution of hatchery 
exploitation rates to wild stocks would not acknowledge the lesser impacts on wild 
stocks.  In the presence of mark-selective fisheries, exploitation assessment methods 
depend on information from double index tag (DIT) return rates where a DIT group is 
composed of both an adipose clipped and tagged group and an unmarked (adipose fin 
intact) and tagged group.  For the information to be useful, it is key that all other things 
are equal between the two groups of a DIT except for exploitation in mark-selective 
fisheries.  This translates into a need for hatchery practices to treat all the DIT fish the 
same at both the release and recovery so that all other things will be equal.  This 
requirement may be difficult to apply when the DIT sampling goals are competing with 
other key hatchery operations.  However, mark-selective fishing is in its infancy and 
development of a successful program will require that we find a means to meet the 
emerging sampling needs. 
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Abstract 
 
Hatchery operations are complex with multiple goals and objectives.  Therefore adding sampling 
burdens to hatchery staff needs to be done judiciously.  Recently, the introduction of mass-
marking and mark-selective fisheries has created additional but necessary burdens to hatchery 
staff; additional because simple visual sampling for a few adipose clipped fish with coded wire 
tags (CWT’s) has been replaced with electronic sampling of all returning fish, and necessary 
because returns of all CWT’s are needed to properly evaluate the effect that mark-selective 
fisheries have on wild stocks.   Before mark-selective fisheries, exploitation information from 
tagged hatchery fish was used as a proxy for exploitation of related natural stocks.  Because 
mark-selective fisheries intentionally exploit hatchery rather than natural fish, the straight 
substitution of hatchery exploitation rates would not acknowledge the lesser impacts on wild 
stocks.  In the presence of mark-selective fisheries, exploitation assessment methods depend on 
information from double index tag (DIT) return rates where a DIT group is comprised of entirely 
CWT’d fish, half of which are marked with an adipose fin clip and half are not.  For the 
information to be useful, it is key that all other things are equal between the two groups of a DIT 
except for exploitation in mark-selective fisheries.  This translates into a need for hatchery 
practices to treat all the DIT fish the same at both the release and recovery so that all other things 
will be equal.  This requirement may be difficult to apply when the DIT sampling goals are 
competing with other key hatchery operations.  However, mark-selective fishing is in its infancy 
and development of a successful program will require that we find a means to meet the emerging 
sampling needs. 
 
 
Introduction 
 
Monitoring fishing impacts on natural stocks has been integral in Pacific Northwest salmon 
management and hatchery sampling programs have been key to the success of those efforts.  
Historically, the monitoring tool of choice has been the coded-wire tag (CWT), a small strip of 
metal imprinted with a numerical code and inserted into snouts of juvenile salmon.  The code is 
identifiable to stock and brood year so that recovery of the CWT’s provides information on 
fishery impacts to particular stocks as well as recruitment and escapement rates.  Although a 
program of tagging natural stocks would be a direct way to monitor them, in many cases it is 
difficult to trap enough juveniles or sample enough adults for a successful tagging program.  
Therefore, for natural stocks of concern, indicator hatcheries have been identified whose 
exploitation and escapement rates are assumed to mimic those of their natural counterparts.  
Because hatcheries provide a bottleneck at the beginning and end of the salmon life cycle, they 
provide opportune facilities for an indicator based monitoring program.  Historically, the adipose 
fin clip was sequestered as the indicator of a CWT, so that sampling efforts required by hatchery 
staff were to simply look for adipose fin clips to identify fish with CWT’s. 



 
In the late 1990’s, the nature of the sampling methods at hatcheries for CWT recovery changed 
from visual to electronic sampling in response to the introduction of mass marking.  Mass 
marking was introduced so that hatchery fish could be easily distinguished from wild fish.  To be 
successful, a mass mark was needed that could be easily distinguishable, could be broadly 
applied, and did not have adverse impacts on survival.  To fit all these criteria, the adipose fin 
clip, formerly used to indicate a CWT, was chosen to be the mass mark.  Because not all mass 
marked fish would be tagged, electronic equipment was needed for CWT detection to avoid 
plugging the tag recovery system with blank fish heads. 
 
The concept of mark-selective fisheries was developed as a management tool that offered the 
promise of protecting weak natural stocks while allowing for expansion of harvest opportunities 
on healthy hatchery stocks.  One of the benefits of mass marking was that hatchery fish were 
easily distinguishable from wild fish so that mark-selective fisheries could be conducted where 
marked hatchery fish are retained while unmarked natural fish are released.    However, with the 
implementation of mark-selective fisheries, the electronic sampling needs at hatcheries expanded 
from marked fish to all fish.  Although simple in concept, mark-selective fisheries were designed 
to purposefully exploit hatchery fish at higher rates than natural fish with the implication that 
monitoring exploitation rates on natural stocks via adipose fin clipped hatchery fish was no 
longer viable.   Therefore, the double index tag (DIT) system was devised where hatchery stocks 
released both marked and unmarked CWT’d fish (ASFEC, 1997).  Under the basic indicator 
stock assumption, the exploitation rates on the unmarked but tagged hatchery fish could still be 
used to monitor impacts on associated wild stocks.  However, because the exploitation rate 
history of unmarked DIT fish became the new monitoring data, unmarked fish needed to be 
electronically sampled for CWT’s. 
 
The challenge of monitoring exploitation rates of the unmarked DIT group was that incidental 
mortalities of those fish in mark-selective fisheries could not be directly observed because those 
fish were released and some would subsequently die.  Therefore, those mortalities needed to be 
indirectly estimated though some other means (SFEC-AWG 2002).  The indirect estimation 
methods developed to date include supplied parameter values, such as the hook and release 
mortality.  Incorrect supplied parameters values act to bias the indirect estimates, the unmarked 
exploitation rates, and therefore the monitoring information.  However, there remains one means 
of monitoring the actual impact of mark-selective fisheries on stocks and that is comparing the 
return rates to hatcheries between the marked and unmarked components of the DIT groups.  The 
greater the impact of mark-selective fisheries, the greater the exploitation of the marked fish 
relative to the unmarked so the greater the return proportion of unmarked DIT fish relative to the 
marked DIT fish.  With mark-selective fisheries of significant size, this ability to provide 
concrete monitoring data makes hatchery sampling programs for DIT recovery data key in 
management decisions regarding the development and success of mark-selective fisheries. 
 
 
The Importance of Hatchery Practices 
 
In order for the hatchery sampling programs to yield the best monitoring information, it is 
necessary that the marked and unmarked DIT fish be identical except for the absence of an 



adipose fin.  This means that at the time of tagging the fish be intermingled, e.g. it is best if they 
are raised in the same ponds if there is an expectation that a pond impact on survival exists.  For 
example, if the unmarked fish are reared in one pond and the marked fish in another and 
something unexpected occurs that imparts a greater long-term mortality on the first pond, then 
that impact may cause a spurious return rate result that would improperly be attributed to mark-
selective fisheries.  For the marked and unmarked DIT fish be identical except for the absence of 
an adipose fin also means that at the time of tag recovery, they are handled in the same way.   
 
In 2001, a team of WDFW and tribal biologists and biometricians analyzed the existing coho 
DIT data to assess the impact of mark selective fisheries conducted in the late 1990’s.  The 
analysis included comparisons of return rates between associated marked and unmarked DIT fish 
for Puget Sound and Washington coastal stocks (Joint Coho DIT Analysis, 2003).  The return 
rate of each group was the number of CWT’s recovered at the hatchery (and any strays to 
spawning grounds) divided by the number released.  If there had been no mark-selective 
fisheries, then the return rates would be expected to exhibit random stochastic error, i.e. about 
50% of the time one would expect the unmarked return rate to be higher, but only 2.5% of the 
time significantly so.  In most of the cases analyzed, the return rates between the unmarked and 
marked DIT groups were not statistically distinguishable.  In some of the cases the return rate of 
unmarked fish was significantly higher than of the marked fish.  However, there were also two 
cases where the marked return rate was significantly higher than the unmarked, an unexpected 
result if mark selective fisheries have the intended impact.  Although these results could have 
been due to random chance alone, it is important to rule out sampling practices as a possible 
cause. 
 
After having conducted interviews with several hatchery managers, it became apparent that 
logistical difficulties or the need to meet other priority objectives resulting in some hatchery 
practices could create such an apparent impact.  For example, a hatchery with a DIT program 
might expect a large number of stray unmarked wild fish that must be returned to the river as 
natural spawners. Amongst these fish are the unmarked DIT fish.  Because the non-DIT 
unmarked fish (the wild fish) are returned to the river to spawn, the unmarked fish are hand 
wanded with electronic equipment as the electronic tube detectors were not designed to handle 
live fish.  On the other hand, the marked hatchery fish are expected to return en mass and if the 
hatchery serves as an endpoint for them, they are killed and can be inspected for CWT’s.  It may 
be that the sheer numbers of marked hatchery returns makes hand wanding them impractical, so 
they may be interrogated with an electronic tube detector.  This scenario presents an example 
where unmarked and marked fish are sampled differently.  If the false negative rate (not 
detecting a tag that was there) were different between the two methods, then the data could show 
an apparent difference in the return rates that did not reflect reality.   
 
Research has shown that the tube detectors exhibit essentially perfect detection.  Similar research 
has also shown that with proper techniques, the hand wands can also detect tags with a near 
100% rate.  However, under production conditions, if the hand-wanding techniques are not 
rigorously applied to each unmarked fish sampled, it is possible that there could be a number of 
unmarked fish with CWT’s that went undetected and were passed upstream.  If that happened, 
then the observed return rate of unmarked DIT fish would be lower than the actual return rate.  
This example illustrates a situation that could result in either a non-significant test between the 



marked and unmarked groups when there should have been a significant difference or even in the 
unexpected significant test that marked return rates were higher than unmarked.   
 
 
Conclusions 
 
With mark-selective fisheries in place, and with the promise of significant increases in the use of 
such fisheries as a management tool in areas such as Puget Sound, the DIT system has become 
the modified CWT system used to monitor fishery impacts on wild fish.  Mark-selective fisheries 
are expected to increase exploitation rates on marked hatchery fish relative to their unmarked 
natural counterparts.  Therefore, with mark-selective fisheries in place, the DIT returns are 
expected to favor the unmarked component and the greater the mark-selective fisheries, the 
greater the discrepancy between the unmarked and marked DIT fish.  Under sampling practices 
where the unmarked and marked fish are handled identically, one would expect to be able to 
monitor the size of the mark-selective impact.  However, in hatcheries where logistics and/or 
other objectives preclude sampling the two groups identically, there is a need to find alternative 
sampling methods, to estimate adjustment factors, of move to DIT program to another location. 
 
 
Recommendations 
 

• For hatcheries with a DIT program, review that hatchery’s ability to tag and sample the 
DIT groups using the same procedures. 

• At DIT hatcheries where the marked and unmarked fish must be sampled differently, 
develop and implement studies for assessing the percent of tags missed by each of the 
sampling methods (may be necessary for each sampler and piece of equipment), 

• For DIT hatcheries where the marked and unmarked fish must be sampled differently and 
adjustment factors cannot be reliably found, identify alternative facility to carry out the 
DIT program. 
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The Imnaha River chinook salmon Oncorhynchus tshawytscha population has been 
supplemented with hatchery fish since 1982.  We used data collected during hatchery 
broodstock spawning and during spawning ground surveys to examine differences 
between wild and hatchery fish and over time.  We found differences in age structure, run 
timing, spawn timing and spawning distribution between wild and hatchery fish, with 
differences being greater in recent years, indicating a trend in changes.  We are also 
examining changes in size of adults and eggs over time.  Hatchery supplementation is not 
achieving its goal of mimicking the natural characteristics of Imnaha River chinook 
salmon. 
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Abstract 

 We compared fourteen years of weir collection and spawning ground survey data and ten 

years of hatchery spawning data to examine differences in run timing, spawn timing, spawning 

distribution and egg size between wild and hatchery Chinook salmon Oncorhynchus tshawytscha 

in the Imnaha River, Oregon.  Wild fish arrived at the weir site earlier than hatchery salmon for 

12 of 14 years studied.  On spawning ground surveys, wild carcasses were recovered earlier than 

hatchery carcasses for all years combined and during six of 14 years, indicating earlier spawning 

by wild fish, particularly during the most recent years.  Little evidence of differential spawn 

timing was seen in Imnaha River females spawned at Lookingglass Fish Hatchery but a 

significant trend from 1988-2003 toward later spawning was demonstrated for wild females.  A 

greater proportion of the wild female carcasses being recovered in upstream reaches, while 

hatchery females were more likely to be recovered in downstream reaches, particularly near the 

weir/acclimation site.  There was no difference in mean egg size between wild and hatchery 

salmon and no significant trend in changing egg size.  Broodstock collection and smolt 

acclimation appear to be affecting run timing, spawn timing and spawning distribution of Imnaha 

River Chinook salmon.  Management actions should be taken that will encourage hatchery fish 

to match wild run and spawn timing and spawning distribution in order to increase interactions 

between hatchery and wild fish and reduce the risk of domestication.  This can be done by 

collecting broodstock from across the entire migration period, utilizing more wild fish for 

broodstock and utilizing release strategies that will more broadly distribute returning adults. 



Introduction 

 Due to a precipitous decline in the spawning population, a supplementation program for 

Imnaha River spring Chinook salmon Oncorhynchus tshawytscha was initiated in 1982 

(Carmichael et al 1998) with a mitigation goal of 3,210 returning adults (Herrig 1998).  Numbers 

of wild adults continued to decline, causing the National Marine Fisheries Service to list the 

Imnaha River Chinook salmon population as threatened (Federal Register, 1992, Volume 57, 

Number 78).  From 1982-1986, supplementation efforts used wild Imnaha River salmon for 

broodstock until hatchery returns could be established.  The first hatchery-reared adults returned 

in 1985 and all age classes of hatchery-reared adults were present in 1987, at which time both 

hatchery and wild adults began to be used as broodstock in an effort to reduce genetic divergence 

between hatchery and wild fish. 

 Adult salmon returning to the Imnaha River are captured at a temporary weir which 

cannot be installed until discharge subsides each summer, normally in July (range:  late May - 

early August), so we capture approximately 60% of the fish returning to the weir (range:  13-

93%; ODFW unpublished data).  Additionally, since there is good spawning habitat below the 

weir, not all fish migrate to the weir to be trapped.  Due to the timing of weir installation, 

coupled with a mean of 28% of the fish spawning below the weir, we estimate that a mean of 

43% of the total fish returning to the river are captured each year.  A portion of the captured 

adults is released above the weir to spawn naturally and another portion of the spawning run is 

collected at the weir and transported to Lookingglass Fish Hatchery for spawning.  By agreement 

among the co-management agencies, (Oregon Department of Fish and Wildlife, Nez Perce Tribe 

and U.S. Fish and Wildlife Service) with increasing levels of escapement, the proportion of 

adults released above the weir that may be of hatchery origin decreases and the minimum 



proportion of natural fish in the broodstock increases from zero up to 30% (NMFS 2000).  

Broodstock are spawned at Lookingglass Fish Hatchery and the resulting progeny are reared to 

smolt at age two, when they are transported to the weir/acclimation site for thirty to sixty days of 

acclimation before being released. 

 A goal of hatchery supplementation in the Imnaha River is to mimic characteristics of 

wild fish.  From the beginning of the Imnaha program, we have been concerned about the 

influence of adult collection and hatchery spawning, rearing and acclimation on this stock.  

Genetic control over timing of upstream migration and spawning has been established for many 

salmonids (Siitonen et al 1989) and hatchery effects on adult size and age distribution (Vollestad 

et al 2004) and egg size have been documented (Jonsson et al 1996; Heath et al 2003).  Given 

this goal, we felt that, with proper broodstock selection, genetic integrity could be maintained 

with an overlap in run timing, spawn timing and spawning distribution which would encourage 

genetic and ecological interactions between hatchery and wild salmon.  

 In this study, we determine whether the Imnaha River Chinook salmon supplementation 

program is achieving its goal of mimicking the natural characteristics of wild Imnaha River 

Chinook salmon.  Specifically, we examine whether run timing, spawn timing and spawning 

distribution varied between hatchery and wild Chinook salmon in the Imnaha River.  We also 

examine whether spawn timing and egg size has differed between wild and hatchery salmon 

collected for broodstock. 

 

Study Area 

 The Imnaha River is a tributary of the Snake River at river kilometer 309, in northeast 

Oregon (Figure 1).  The Gumboot Weir and Acclimation Facility is located at river kilometer 90.   



  
Figure 1.  Imnaha River, Oregon, with study reaches and boundaries (boundary locations are 
river kilometers above or below the weir/acclimation site).



The study area was divided into nine reaches varying in length and quantity and type of available 

spawning habitat:  four reaches extend 25.6 km upstream from the weir and five sections extend 

25.1 km below.  Sections range from low gradient gravel bars conducive to spawning to high 

gradient reaches dominated by large cobbles and boulders.  There is evidence to suggest 

spawning as far as 29 km upstream from the weir.  However, due to inconsistent survey efforts in 

early years, the area above river kilometer 115.6 was not included in our study. 

 
Methods 

 The period of weir operation varied each year due to environmental, mechanical and 

safety considerations.  From 1990-2003, the weir was installed between weeks 21 and 31 

(mean=27.5, approximately 4 July) and continued to collect fish until week 36-38 (mean=36.5, 

approximately 10 September), a mean duration of 10 weeks.  Once installed, the weir is very 

efficient but the proportion of the run captured each year varies, based on time of weir 

installation and mean capture rate of fish arriving to or passing the weir from 1990-2003 has 

been 60% (ODFW unpublished data).  Once the weir is installed, we use an estimate of the 

expected run size to collect a proportion of the run for broodstock from across the entire 

population trapped.  We have spawned a mean of 33.0% of the entire run since 1990 and a mean 

of 67% of those have been hatchery fish (33% wild). 

 Date, sex and origin (hatchery or wild, based on fin clips or other marks) are recorded for 

each adult captured at the weir and all fish released above the weir are marked with an opercle 

punch.  Each year, weekly spawning ground surveys are conducted over three weeks to estimate 

redd and fish numbers.  For each carcass recovered, location (reach) is recorded, as well as 

length, sex and any marks, denoting origin and prior capture at the weir.  We used weir 

collection (1990-2003) and spawning ground survey (1991-1993 and 1997-2003) data to 



examine differences in run timing, spawn timing and spawning distribution between hatchery 

and wild fish and examined differences in egg size and spawn timing of the fish spawned at 

Lookingglass Fish Hatchery using data collected in 1988, 1991-1996 and 2001-2003.  Gaps in 

data were due to data being excluded due to extremely low sample size or the data were not 

collected  All statistical tests were considered significant at α=0.05. 

Run Timing 

 Run timing was determined by the number of fish (both sexes) arriving at the weir each 

week in which the weir was in operation from 1990-2003 and was analyzed using a 

Kolmogorov-Smirnov (K-S) test (Sokal and Rohlf 1981).  We also visually compared median 

and mode of weekly number of fish captured at the weir during each year. 

 In all years, a substantial proportion of the run passes the weir site prior to weir 

installation.  Since this factor may mask true run timing, we compared the proportions of 

hatchery and wild fish captured at the weir with those of unpunched (i.e., fish that passed the 

weir site prior to weir installation) hatchery and wild carcasses recovered on spawning ground 

surveys in order to determine whether the hatchery:wild ratio of the fish passing the weir prior to 

weir installation differed from that of the fish captured at the weir.  If run timing did not vary 

between hatchery and wild fish, then the hatchery:wild ratio of unpunched carcasses recovered 

on the spawning grounds should be similar to that of adults captured at the weir.  We tested this 

using a chi-square test (Sokal and Rohlf 1981). 

Spawn Timing 

 Spawn timing was determined by the recovery date (survey number) of carcasses 

(female, male and total) from 1991-1993 and 1997-2003.  We compared mean percentage of 

hatchery and wild carcasses recovered during each survey, overall and in a given year.  We also 



visually examined median and mode of the number of carcasses collected during each survey 

week.   

 We know that spawning occurs earlier in upstream reaches due to earlier cooling of water 

temperature, so differences in spawning distribution will affect spawn timing.  Therefore, we 

also compared spawn timing within specific reaches and for each year within a specific reach 

using a G-test (Sokal and Rohlf 1981).  We also examined spawn timing of the broodstock 

collected and spawned at Lookingglass Fish Hatchery.  Since we have data on the date of 

spawning for each fish over the entire spawn year, we compared spawn timing of female 

Chinook salmon as measured by the week in which the fish spawned using a K-S test and 

examined trends in mean spawn time from 1988-2003 using regression (Sokal and Rohlf 1981). 

Spawning Distribution 

 Spawning distribution was determined by recovery location of female carcasses.  Male 

carcasses were not used because they do not guard the redd post-spawn, hence their recovery 

location is less definitive of spawn location than that of females.  Prior to 1997, the river was 

divided into only three or four reaches for spawning ground surveys and no surveys were 

conducted downstream from the weir.  Beginning in 1997, the Imnaha River was divided into 

nine reaches for surveys, four above the weir and five below (Figure 1).  Spawning distribution 

analyses used the number of female carcasses collected in each survey reach during each year 

from 1991-1993 and 1997-2003 by a K-S test (Sokal and Rohlf 1981).  We also visually 

compared median and mode of the number of fish collected in the reaches during each spawning 

season. 

Egg Size 

 Mean egg size was calculated from data collected during spawning of Imnaha River 



Chinook salmon at Lookingglass Fish Hatchery in 1988, 1991-1996 and 2001-2003.  Eggs were 

weighed either individually or in groups and we calculated a mean egg weight for each female.  

Eggs were weighed either as green eggs or eyed eggs, but not both, for all years, except 2003, 

when both weights were measured.  The 2003 data were used to develop a conversion equation 

to estimate green and eyed egg weights in previous years: 

Eyed Egg Weight = 0.02066 + (Green Egg Weight * 1.04432) 

Green Egg Weight = -0.00356 + (Eyed Egg Weight * 0.89808) 

These equations were significant (P<0.0001) and with a high degree of correlation (r2 = 0.9379).  

Given this close relationship between green egg weight and eyed egg weight, we compared only 

green egg weights (actual or estimated).  We tested for differences in mean green egg weight 

between hatchery and wild salmon using a t-test and for trends over time by regression (Sokal 

and Rohlf 1981). 

 

Results 

Run Timing 

 Various analyses indicate that wild Chinook salmon arrived at the weir site earlier than 

hatchery salmon for up to 12 of 14 years studied.  Weir collection data show that run timing 

varied (P<0.01) between hatchery and wild fish for five of the 14 years examined.  During the 

years of 1991, 1992, 2001 and 2003, wild Chinook salmon arrived at the weir and were captured 

earlier than the hatchery fish (Figure 2).  In 1996, hatchery fish comprised a greater percentage 

of early collections than wild fish.  However, in 1995 and 1996, the weir was not installed until 

weeks 31 and 30 (late July and early August), respectively, and it is likely that the majority of the 

wild run had already passed the weir site by that time, making this result questionable (see  
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Figure 2.  Percent and cumulative percent of the Chinook salmon run arriving at the Imnaha 
River weir during each week of the year the trap was in operation, 1990-2003.  Note:  the dotted 



Table 2.  Chi-square tests of the number of marked (hatchery, Y) and unmarked (wild, N) 
unpunched carcasses recovered on spawning ground surveys in the Imnaha River, 1991-2003. 
 

    Unpunched carcasses  Weir collections     

Year Marked N Percent  N Percent χ2 P-value 
1991 N 34 55.7 249 26 24.2 < 0.001 

 Y 27 44.3 710 74   
1992 N 107 68.6 259 19.1 179.9 < 0.001 

 Y 49 31.4 1,094 80.9   
1993 N 63 81.8 488 28.3 95.4 < 0.001 

 Y 14 18.2 1,236 71.7   
1994 N 4 80 138 44.4 2.7 > 0.1 

 Y 1 20 173 55.6   
1995 N 17 77.3 242 56 4.39 < 0.05 

 Y 5 22.7 190 44   
1996 N 25 89.3 338 63.2 9.8 < 0.005 

 Y 3 10.7 197 36.8   
1997 N 24 44.4 152 29.4 5.64 < 0.025 

 Y 30 55.6 365 70.6   
1998 N 14 50 289 56.5 0.49 >0.1 

 Y 14 50 254 43.4   
1999 N 67 68.4 290 18.5 116.9 < 0.001 

 Y 31 31.6 1,277 81.5   
2000 N 98 67.6 700 29.6 88.6 < 0.001 

 Y 47 32.4 1,664 70.4   
2001 N 38 84.4 2,706 42.9 33.3 < 0.001 

 Y 7 15.6 3,842 57.1   
2002 N 226 53.6 1,190 22.3 193.8 < 0.001 

 Y 196 46.4 3,936 77.7   
2003 N 211 56.4 1,708 31.5 98.4 < 0.001 

  Y 163 43.6  3,816 68.5     
 

 

below).  For each sex, wild females arrived at the weir earlier than hatchery fish in 2001 and wild 

males arrived earlier in 2001 and 2003 (P<0.01).  Median time of arrival to the weir was earlier 

for wild fish than hatchery fish in 1990, 1991, 1992, 2000 and 2001.  Median time of arrival to 



the weir was earlier for hatchery fish in 1995 and 1999.  Peak (mode) time of arrival to the weir 

was earlier for wild fish in 1991 and 2000 and peak arrival time for hatchery fish was earlier in 

1995, when the weir was installed late. 

 Wild fish comprised a greater proportion of the unpunched (not trapped at the weir) 

carcasses collected during spawning ground surveys in all years (P<0.05), except 1994 and 1998, 

when a total of only 4 and 28 carcasses were recovered, respectively (Table 2).  These data 

contradict the weir collection results that hatchery fish returned earlier than wild fish in 1995 and 

1996. 

Spawn Timing 

 Overall, the proportion of carcasses recovered on each of the three surveys varied 

significantly (P<0.001) between hatchery and wild fish for females, males and total recoveries 

(Figure 3).  A greater mean proportion (34.5%) of the wild carcasses were recovered than 

hatchery carcasses (19.7%) on the first survey.  On the second and third surveys, a greater 

proportion of the hatchery carcasses were recovered (44.9% and 35.4%, respectively) than wild 

carcasses (37.6% and 27.9%, respectively).  This pattern held for the individual years of 1992 

and 1993 (females and total), 1998 (females), 2000 (females and total), 2001 (males and total) 

and 2002 - 2003 (females, males and total; Figure 4). 

 Overall, wild fish spawned earlier than hatchery fish in all reaches above the weir 

(P<0.05) but not in those below the weir (P≥0.05).  Within years, there were no differences in 

time of carcass recovery in any reach until 1999.  In the Blue Hole to Indian Crossing reach, wild 

carcasses were recovered earlier in 1999, 2002 and 2003.  From Indian Crossing to Log, wild 

carcasses were recovered earlier in 2002 and 2003.  From Log to Mac’s Mine, wild carcasses 
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Figure 3.  Mean (+1 SD) percent of female, male and total carcasses recovered on first, second 
and third spawning ground surveys each year in the Imnaha River, 1991-2003. 
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Figure 4.  Percent of hatchery and wild Chinook salmon carcasses recovered each year during 
the first, second and third spawning ground survey on the Imnaha River, 1991-2003. 
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Figure 5.  Mean spawn week and regression lines for hatchery and wild Chinook salmon 
spawned at Lookingglass Fish Hatchery, 1988-2003.

 

were recovered earlier in 2000-2002.  There were no differences for a specific year (P≥0.05) in 

time of carcass recovery in the Mac’s Mine to Weir reach.  Below the weir, wild carcasses were 

recovered earlier than hatchery carcasses in 2001-2002 in the Weir to Crazy Man reach and in 

2000 in the reach from Crazy Man to Garnett’s.  There were no years with differences in the 

Garnett’s to Grouse Creek reach but little spawning occurs there. 

 Spawn timing (week of the year) at Lookingglass Fish Hatchery did not vary between 

hatchery and wild female Chinook salmon, overall or within a given year (P≥0.05; Figure 5).  

However, over the period of 1988 - 2003, there is a trend in which wild salmon have been 



spawning later (P=0.0220, r2=0.5011).  No significant trend was found for hatchery salmon 

(P=0.3989). 

Spawning Distribution 

 No index of carcass location ever showed hatchery carcasses to be found further 

upstream than wild carcasses.  Pooled (1991-2003) female carcasses distribution differed 

between wild and hatchery salmon (P<0.0001).  A greater mean proportion of wild female 

carcasses were recovered further upstream and hatchery female carcasses were more commonly 

recovered downstream, closer to the acclimation site (Figure 6).  Median carcass recovery 

location for the pooled data was also further upstream for the wild fish than for the hatchery fish.  

This pattern held for the individual years of 1993 (P<0.05), 2000 and 2001 (P<0.001; Figure 7).  

Median carcass location was further upstream for wild fish in 1991, 1993, 2000 and 2001 and 

modal carcass location was further upstream for the wild female salmon in 1993 and 1999 - 2001 

than for hatchery fish.  

Egg Size 

 Mean green egg weight (egg size) did not vary between hatchery and wild Chinook 

salmon overall (P=0.6053) nor did mean egg size differ for any spawn year (P≥0.0881).  

Additionally, although the slope of both regression lines showed a decrease in mean egg size 

over time, there were no significant trends in egg weight (P≥0.1826; Figure 8). 

 

Discussion 

 We found differences in run timing, spawn timing and spawning distribution but no 

difference in egg size between hatchery and wild Chinook salmon in the Imnaha River.  Wild 

salmon tend to return to the Imnaha River earlier and spawn earlier and further 
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Figure 6.  Percent and cumulative percent of female carcasses recovered in each of the nine 
reaches of the Imnaha River, pooled data 1997-2003.  Note:  horizontal dotted line indicates 50% 

 

upstream than hatchery salmon.  These differences are more marked in recent years, indicating 

an ongoing shift in these parameters. 

Run Timing  

 Between the examination of weir collections and comparison of weir collections vs. 

carcass recoveries, our data indicate that run timing differed between hatchery and wild fish in 

all years studied, except 1994 and 1998.  Genetic control over the timing of upstream migration 

or spawning has been established for many salmonids including Chinook salmon (Siitonen et al 

1989; Quinn et al 2002).  These differences in run timing contribute substantially to the 
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 Figure 7.  Cumulative percent of hatchery and wild female Chinook salmon carcasses recovered 
during spawning ground surveys in each of the nine reaches on the Imnaha River, 1997-2003.   
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Figure 8.  Mean egg weight and regression lines for hatchery and wild Chinook salmon spawned 
at Lookingglass Fish Hatchery, 1988 - 2003.

 

population structure in the Columbia River Basin salmon (Robards and Quinn 2002). 

 Migration timing seems to reflect natural selection imposed by conditions affecting 

passage and survival of adults (Mackey et al 2001).  Therefore, run timing may shift over time, 

depending on the reproductive success of adults.  Intentional or unintentional artificial selection 

of hatcheries is capable of causing this shift.  In Washington, an intentional program of selection 

of run and spawn timing to discourage hybridization of wild and introduced hatchery steelhead 

has resulted in a much earlier return of hatchery than wild steelhead (Mackey et al 2001).  This 

was done to discourage hybridization of the two stocks.  In the Imnaha River, our objective is the 

opposite - to encourage breeding between hatchery and wild Chinook salmon in order to avoid 



altering the characteristics of the Imnaha River population.  Here, inconsistency with the date of 

weir installation has affected broodstock selection in that the hatchery broodstock is regularly 

taken from the middle to end of the run.  This is particularly acute during years when the weir is 

installed later in the summer and a large portion of the run has already passed the weir site.  In all 

years, except two years with low sample sizes, more wild than hatchery salmon passed the weir 

site prior to weir installation.  Run timing of hatchery Chinook salmon in the Warm Springs 

River, Oregon, was 1-3 weeks later than that of wild fish from 1982-1989 (Olson et. al 1995).  

Warm Springs National Fish Hatchery managers realized that this was due to hatchery 

broodstock collections which “lagged behind the proportional return of wild fish” and have 

modified broodstock collection practices.  If the weir could fish over the entire run, this run 

timing difference between hatchery and wild fish in the Imnaha River could be diminished or 

eliminated. 

Spawn Timing 

 Spawn timing of salmon is heritable (Quinn et al 2002) and this is likely the result of 

adapting to the temperature and flow regimes of a particular stream (Lura and Saegrov 1993; 

Montgomery et al 1999; Stefanik and Sandheinrich 1999).  Broodstock selection from a certain 

portion of the run (usually the later portion) limits interactions between wild and hatchery fish, 

which creates the potential to skew the hatchery:wild ratio in the hatchery and, possibly, in 

nature, as well.  In order to prevent domestication and maintain homogeneity within the Imnaha 

River Chinook salmon population, we strive for interbreeding between wild and hatchery 

salmon.  However, given weir installation constraints on the Imnaha River, our broodstock 

consists of salmon (both hatchery and wild) that arrive late to the weir.  If run timing and spawn 

timing are correlated, then our broodstock selection practice may also be selecting for late spawn 



timing.  Since run and spawn timing are heritable, hatchery progeny would theoretically return 

later and be more likely to spawn with each other (or offspring of hatchery salmon spawning in 

nature) rather than with the pure wild population.  Although the extent to which this is happening 

is unknown, our evidence suggests a developing trend toward later spawning in the Imnaha River 

Chinook salmon population. 

Spawning Distribution 

 It is widely recognized and accepted that the critical period of imprinting is at the time of 

smoltification (Hasler and Scholz 1983; Dittman and Quinn 1996; Dittman et al 1996).  Often 

smolts are acclimated at a hatchery or acclimation site located in the section of river where 

management and broodstock needs are most easily met.  Salmon released as smolts in a 

particular section of river are more likely to return to that section than other sections (Donaldson 

and Allen 1958; Quinn 1993).  Across all years studied, a higher proportion of wild salmon 

carcasses were found in Imnaha River reaches above the acclimation site and further upstream.  

Conversely, carcasses of hatchery-reared salmon were more commonly found in sections closer 

to the acclimation site.  A similar result was reported for steelhead but in this case, spawning 

segregation was desired. (Mackey et al 2001). 

 There has been much debate over direct stream release versus acclimation pertaining to 

survival and adult return.  Clearly, imprinting in salmon is very precise (Quinn et al 1999) and 

hatchery-reared salmon imprint on their point of release.  In the Imnaha River, acclimation of 

hatchery offspring is affecting spawning distribution.  Direct stream release may be considered 

as a means of reducing the effect of acclimation on spawning distribution (Cramer 1981; Slaney 

et al 1993).  Stocking smolts in the upper reaches may increase migration of hatchery salmon to 

these reaches.  Survival of salmon released directly into a stream is a concern.  Kenaston et al 



(2001) found no significant difference in survival between hatchery steelhead acclimated for 

thirty days and those trucked from the hatchery and directly released into the stream.  In the 

Imnaha River, acclimation did not improve survival of the 1990, 1992 and 1993 cohorts of 

Chinook salmon (Hoffnagle et al in prep).  Direct stream release of some smolts into the upper 

reaches has been discussed but heavy snow on the road to the upper Imnaha River has been cited 

as a deterrent. 

 Although differences in spawning distribution were discovered, substantial overlap in 

spawning distribution remains between hatchery and wild salmon.  Therefore, differences in 

spawning distribution are probably the least worrisome of the three documented differences 

between hatchery and wild Imnaha River Chinook salmon.  However, the difference in spawning 

distribution does exacerbate the difference in spawn timing and further isolates the hatchery and 

wild salmon. 

Egg Size 

 Larger fry come from larger eggs (Beacham and Murray 1990; Coleman and Galvani 

1998) and larger fry generally grow faster, which translates into improved survival (Einum and 

Fleming 1999; 2000).  However, these selection factors may be relaxed in hatchery-reared fish, 

where predation is virtually non-existent and small fry can grow rapidly due to the abundance of 

food.  Additionally, rapid growth in hatcheries results in maturation of hatchery-reared salmon at 

an earlier age and smaller size (Vollestad et al 2004).  Since smaller females tend to have smaller 

eggs (Beacham and Murray 1993), this may further result in smaller eggs being laid in natural 

gravel.  These factors may lead to a decrease in the size of eggs in a population, which is likely 

maladaptive in nature (Heath et al 2003).  While this scenario is plausible, over 16 years, we 

report wide annual variation in egg size but no evidence of a difference in egg size between 



hatchery and wild Chinook salmon or a trend in changing egg size.  This agrees with Quinn et al 

(2004) who found no evidence of hatchery influence on egg size in coho or Chinook salmon.  

Conversely, Fleming and Gross (1992) report that hatchery coho salmon O. kisutch had larger 

eggs than wild salmon. 

 

Conclusions 

 Broodstock collection and hatchery rearing and acclimation of offspring are affecting run 

timing and spawn timing and distribution of Imnaha River Chinook salmon.  We recommend 

collection of broodstock from across the entire run to reduce effects of hatchery rearing.  Given 

the flow and safety restrictions the current weir presents a different type of weir or collection 

protocol may be necessary to curb the developing trend.  Construction of a permanent weir on 

the Imnaha River has been proposed and funding is being sought (BPA 2004).  Also, although 

heavy snows preclude this in most years, direct stream release of some hatchery-reared fish into 

locations upstream from the acclimation site should also be considered to increase spawning 

interactions between hatchery and wild Chinook salmon. 
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Abstract 
We have developed steelhead conservation culturing techniques for rebuilding natural-
origin populations.  This approach reestablishes the iteroparity life history strategy in 
upriver steelhead populations.  We have designed kelt steelhead studies to:  

1. Evaluate and develop fish culture and husbandry techniques; 
2. Evaluate the losses of kelt steelhead during migration;  
3. Evaluate the effectiveness of short-term reconditioning of kelt steelhead; 
4. Evaluate the effectiveness of long-term reconditioning of kelt steelhead; 
5. Investigate the gamete and progeny viability of kelt steelhead; and, 
6. Investigate the relative reproductive success of artificially reconditioned kelt 

steelhead. 
Our studies have resulted in long-term reconditioning and rematuration rates up to 74% 
and 96%, respectively.  Estimates of kelt steelhead abundance in the Snake River range 
from 2,780 to 4,695, indicating that there is a large source of individuals for 
reconditioning and that populations are attempting to out-migrate after spawning.  
Following results from gamete and progeny viability work as well as relative 
reproductive success studies, we will develop management recommendations for 
implementing this rebuilding approach. 
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Introduction 
  
Currently, all natural-origin steelhead Oncorhynchus mykiss populations in the Columbia River 
Basin are listed under the Endangered Species Act, which has motivated recovery efforts for all 
affected populations.  Iteroparity, the ability to spawn multiple times, is a naturally occurring 
life-history trait that has been impacted by the development of the hydroelectric system in the 
Columbia River Basin (Hatch et al. 2003) and has potentially added to the decline of naturally 
spawning populations.  Steelhead stocks located below mainstem dams have exhibited repeat 
spawning rates of 17% in the Kalama River (NMFS 1996), and 58% in the Clackamas River 
(Gunsolus and Eicher 1970).  Stocks located above mainstem dams have much lower repeat 
spawning rates reported for example 3.3% in the Klickitat River (Howell et al. 1984), and 1.6% 
in the Yakima River (Hockersmith et al. 1995).  
 
Observations of numerous adult steelhead moving downstream through juvenile by-pass systems 
in hydroelectric dams during March through June have been made for several years.  
Conventional thinking was that these fish were “fall backs” which are upstream migrates that 
become entrained in the by-pass system that is designed to pass juvenile salmonids downstream 
around the turbines.  Ultra-sound testing of these individuals (Evans et al. in press) revealed that 
approximately 90% of them were in the kelt life history stage.  The abundance of kelt steelhead 
in the by-pass system in Lower Granite Dam located on the Snake River has ranged from 91% to 
95% in recent years.  Therefore the low level of repeat spawning observed is not because fish 
don’t attempt to out-migrate, but is probably the result of low survival during the migration.  
These by-pass systems can provide a large source of individuals for conservation efforts.   
 
One approach to steelhead restoration that we have tested is using conservation fish culturing 
techniques to attempt reestablishment of the iteroparity life history strategy in upriver steelhead 
populations.  This effort concentrates on natural-origin individuals and minimizes hatchery 
effects.      
 
The objectives of our study include: 

1. Develop fish husbandry techniques that could be used to recondition kelt steelhead; 
2. Evaluate the losses of kelt steelhead during migration;  
3. Evaluate the effectiveness of short-term reconditioning of kelt steelhead; 
4. Evaluate the effectiveness of long-term reconditioning of kelt steelhead; 
5. Investigate the gamete and prodigy viability of kelt steelhead; and, 
6. Investigate the relative reproductive success of artificially reconditioned kelt steelhead. 



 
Approach and Evaluations 
 
In developing this approach to steelhead restoration we reviewed the literature to establish if 
upriver runs in the Columbia River did in fact exhibit iteroparity life history and then we 
determined if existing populations were still attempting to repeat spawn and the magnitude in 
which they were attempting to outmigrate.   
 
Evermann (1894) first reported of iteroparious steelhead populations in the Columbia River 
Basin.  Rates of repeat spawning measured in Columbia River populations range from 1.6% to 
17%.    
 
Many adult steelhead were observed in juvenile fish by-pass systems at mainstem Snake and 
Columbia river dams during the springtime (Evans and Beaty 2001).  We developed techniques 
using ultrasound technology to identify the gender and maturity of these adult steelhead, and 
determined that the vast majority of these adult steelhead were in the kelt stage (post spawn) and 
were trying to migrate downstream, presumable back to the ocean.  Also we used sampling 
methods to estimate the abundance of adult steelhead in the bypass systems.  Kelt steelhead 
abundances at Lower Granite Dam were 2,780, 4,695, and 3,348 for 2000, 2001, and 2002.  
Expressed as percentage of the upstream run, estimates were 23%, 21%, and 7%, respectively.  
These results represent kelt steelhead available from the Snake River Basin.  Using radio tag and 
PIT tag techniques we determined that mortality during this downstream migration was high.  
Mortality ranged from 87% to 94% between Lower Granite Dam and Bonneville Dam during 
three years of study.  This preliminary work verified that there were thousands of kelt steelhead 
in the system, that could be captured, and that left in the river system most of these fish would 
perish.   
 
After determining that many kelt steelhead were available in the system, we turned our attention 
to developing fish husbandry procedures that would artificially recondition individuals.  We 
loosely followed procedures published on reconditioning Atlantic salmon.  Diet trials were 
conducted and different diet formulations were assessed.  Other components of fish culture were 
investigated including combating parasites and fungus, and developing criteria for container size 
and flow rates.  
 
We evaluated the success of long- and short-term periods of reconditioning kelt steelhead.  In the 
long-term scenario we would recondition a group of fish for up to 7 months.  At the end of the 
reconditioning period we would calculate survival estimates, measure weight gains, and inspect 
fish for rematuration using ultra-sound.  The short-term reconditioning involved holding fish for 
4 to 8 weeks and then transporting and releasing the fish below Bonneville Dam, the lower most 
hydro-project on the Columbia River.  At release we calculated survival rates, weighed 
individuals and individually marked fish with radio, acoustic, or PIT tags.  Telemetry data was 
gathered using mobile and fixed site receivers and by PIT tag detection systems located at fish 
ladders.   
 
Future work that is just starting will include investigations of homing, gamete and progeny 
viability, and relative reproductive success of reconditioned kelt steelhead. 



 
Results and Discussion 
 
Estimates of kelt steelhead abundance in juvenile salmonid by-pass systems were made at Lower 
Granite and Little Goose dams on the Snake River beginning in 1999.  This initial work 
documented that large amounts of kelt steelhead were in the system and available for collection.  
Further it was reported that most of these fish were in fair or good condition. 
 
In 1999, we began collecting kelt steelhead from the Yakima River and conducting 
reconditioning experiments.  Figure (1) is a photograph of the reconditioning facility.  We 
determined that 20-foot diameter circular tanks were superior to smaller tanks for reconditioning.  
A combination of reduced water velocity and extra rearing space in the larger tanks made them 
superior.  We have been loading these tanks with a maximum of 200 kelt steelhead. 
 

 
Figure 1.  Photograph of the Prosser Hatchery kelt steelhead reconditioning facility, located on the Yakima 
River, Washington. 

 
Beginning in 2001, we began experiments with different diets for reconditioning.  Table (1) 
gives the results of different diet formulations.   
 
 



Year Reconditioned 2001 2001 2001 2001 2002 2002 2002 2003 2003 2003 
Reconditioning 

Duration (days) Max. 323 323 323 323 224 230 204 248 210 271 

Diet Formulation 

Krill/ 
Moore 
Clark 
Pellets 

Ann's 
Feed 

Krill/ 
Moore 
Clark 
Pellets 

Krill 

2.5 mo. 
Krill/ 

Moore 
Clark 
Pellets 

2.5 mo. 
Krill/ 

Altered 
Moore 
Clark 
Pellets 

2.5 mo. 
Krill/ 

Altered 
Moore 

Clark and  
Moore 
Clark 

Pellet mix 

2.5 mo. 
Krill/ 

Moore 
Clark 
Pellets

2.5 mo. 
Krill/ 

Moore 
Clark 
Pellets

2.5 mo. 
Krill/ 

Moore 
Clark 
Pellets

No. Collected 130 132 105 102 192 192 36 205 69 208 
No. (%) Released 58 (45%) 28 (21%) 54 (51%) 40 

(39%) 
39 (20%) 84 (44%) 17(47%) 123 

(60.0%
) 

49 
(71.0%

) 

126(60.
6%) 

No. (%) Mature 37 (28%) 19 (14%) 26 (25%) 10 
(10%) 

29 (74%) 42 (50%) 5(29%) 99 
(80.5%

) 

47 
(95.9%

) 

108 
(85.7%)

In-Weight (kgs.) 2.12 2.01 1.98 1.97 1.75 1.99 1.99 2.17 2.39 2.52 
Out-Weight (kgs.) 3.13 2.49 3.22 2.29 2.39 2.54 2.03 2.82 3.7 3.14 

 
Table 1.  Comparisons of diet formations fed to kelt steelhead at Prosser Hatchery on the Yakima 
River from 2001 through 2003. 
 
Initially at the Prosser Hatchery, we collected fish from March through May and then 
reconditioned them for release in early December.  We have termed this “long-term” 
reconditioning.  In the last two years we have tried “short-term” reconditioning, where we hold 
and feed kelt steelhead for 4 to 8 weeks and then truck them to below Bonneville for release.  
The rationale for this process is that during the reconditioning kelt steelhead will develop their 
feeding response and begin to take food and with the transportation we can circumvent the 
hydrosystem.  Survival and rematuration rates for the reconditioning experiments are presented 
in Table (2). 
 

Reconditioning Type 
Long-
term 

Long-
term 

Long-
term 

Short-
term 

Short-
term 

Long-
term 

Long-
term 

Long-
term 

Short-
term 

Year Reconditioned 2002 2002 2002 2002 2002 2003 2003 2003 2003 
Reconditioning 

Duration (days) Max. 224 230 204 30 60 248 210 271 49 

Diet Formulation 

2.5 mo. 
Krill/ 

Moore 
Clark 

Pellets 

2.5 mo. 
Krill/ 

Altered 
Moore 
Clark 

Pellets 

2.5 mo. 
Krill/ 

Altered 
Moore 

Clark and 
Moore 
Clark 

Pellet mix

Krill Krill 

2.5 mo. 
Krill/ 

Moore 
Clark 

Pellets

2.5 mo. 
Krill/ 

Moore 
Clark 

Pellets 

2.5 mo. 
Krill/ 

Moore 
Clark 

Pellets

Krill 

No. Collected 192 192 36 259 220 205 69 208 208 
No. (%) Released 39 (20%) 84 (44%) 17(47%) 163 

(63%)
171 

(78%) 
123 

(60.0%)
49 

(71.0%) 
126(60.

6%) 
187 

(89.9%)
No. (%) Mature 29 (74%) 42 (50%) 5(29%) 0 0 99 

(80.5%)
47 

(95.9%) 
108 

(85.7%)
0 



In-Weight (kgs.) 1.75 1.99 1.99 1.82 1.92 2.17 2.39 2.52 2.61 
Out-Weight (kgs.) 2.39 2.54 2.03 1.73 1.82 2.82 3.7 3.14 2.45 

 
Table 2.  Survival and rematuration rates for short and long term reconditioning trails from 2002 
and 2003 for kelt steelhead at Prosser Hatchery on the Yakima River. 
 
To evaluate the short-term reconditioning experiments we have placed PIT tags in individuals.  
These tags can be detected as fish traverse the fishways at Bonneville, and McNary dams.  
Additionally, in 2004 we surgically implanted radio tags and acoustic transmitters in fish that 
underwent short-term reconditioning as well as in a control group of kelt steelhead that were not 
reconditioned – just transported and released.  Initial radio and acoustic telemetry results suggest 
that roughly 70% of steelhead kelts migrated to the estuary in under a week from the release 
point (RM 145).  Over half of the acoustically tagged fish had ocean migration detections within 
a few days of successful migration to the estuary. 
  
To further investigate reconditioning kelt steelhead, we are developing additional studies to 
evaluate: potential impacts to homing; progeny and gamete viability, and relative reproductive 
success.  Homing evaluations will be accomplished by tracking repeat homing to the Yakima 
River via PIT, radio, and acoustic tag detections.  Laboratory studies will be conducted to 
evaluate progeny and gamete viability from kelt steelhead compared to first-time spawners.  
Relative reproductive success will be compared with first time spawn steelhead in three different 
streams in the Columbia River.  Parentage analysis will be used to determine progeny 
contributions from kelt and first-time spawn steelhead. 
 
Evaluations and experimentation to date indicate that artificially reconditioning steelhead is 
possible and relatively high survival and rematuration rates can be realized.  This process may be 
useful for rebuilding steelhead populations and future work will provide managers with benefits 
and risks associated with this tool. 
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Abstract:  The Cle Elum Supplementation and Research Facility (CESRF) is a relatively new 
hatchery and acclimation site complex (in operation since 1997) tasked with testing many 
innovative concepts relative to supplementation and hatchery reform.  Releases for brood years 
1997 to 2001 compare the effectiveness of optimum conventional (OCT) and semi-natural (SNT) 
rearing treatment methods for producing smolts suitable for supplementation programs.  Smolt-
to-smolt survival indices from release to McNary Dam passage were estimated for subgroups of 
fish released with Passive Integrated Transponder (PIT) tags for each treatment from each 
rearing pond within each acclimation site within each year.  There is insufficient evidence that 
the SNT treatment resulted in higher smolt-to-smolt survival indices than did the OCT treatment 
over the five broods.  Based on one-sided sign tests, the SNT fish had a significantly higher 
smolt-to-smolt survival index than did the OCT fish for the first three broods; however, other 
statistical tests did not result in the same level of significance.  For the fourth brood, there was an 
elevated level of BKD infestation.  The SNT-treated smolts had a significantly higher mean 
BKD index than did the OCT and also had a significantly lower smolt-to-smolt survival index.  
When the survival index was adjusted for a BKD index as a covariate, there was no significant 
difference between the SNT and OCT smolt-to-smolt survival indices.    For the last brood, there 
was no significant difference between the SNT and OCT survival indices. 
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innovative concepts relative to supplementation and hatchery reform.  Releases for brood years 
1997 to 2001 compare the effectiveness of optimum conventional (OCT) and semi-natural (SNT) 
rearing treatment methods for producing smolts suitable for supplementation programs.  Smolt-
to-smolt survival indices from release to McNary Dam passage were estimated for subgroups of 
fish released with Passive Integrated Transponder (PIT) tags for each treatment from each 
rearing pond within each acclimation site within each year.  There is insufficient evidence that 
the SNT treatment resulted in higher smolt-to-smolt survival indices than did the OCT treatment 
over the five broods.  Based on one-sided sign tests, the SNT fish had a significantly higher 
smolt-to-smolt survival index than did the OCT fish for the first three broods; however, other 
statistical tests did not result in the same level of significance.  For the fourth brood, there was an 
elevated level of BKD infestation.  The SNT-treated smolts had a significantly higher mean 
BKD index than did the OCT and also had a significantly lower smolt-to-smolt survival index.  
When the survival index was adjusted for a BKD index as a covariate, there was no significant 
difference between the SNT and OCT smolt-to-smolt survival indices.    For the last brood, there 
was no significant difference between the SNT and OCT survival indices. 
 
Introduction 
 
Program Objectives 
 
The Cle Elum Supplementation and Research Facility (CESRF) was authorized in 1996 under 
the Northwest Power and Conservation Council’s (NPCC) Fish and Wildlife Program with the 
stated purpose being “to test the assumption that new artificial production can be used to increase 
harvest and natural production while maintaining the long-term genetic fitness of the fish 
population being supplemented and keeping adverse genetic and ecological interactions with 
non-target species or stocks within acceptable limits”.  The CESRF became operational in 1997.  
The experimental design calls for a total release of 810,000 smolts annually from each of three 
acclimation sites associated with the facility (see facility descriptions).  The first program cycle 
also included testing new Semi-Natural rearing Treatments (SNT) against the Optimum 
Conventional Treatments (OCT) of existing successful hatcheries in the Pacific Northwest.   The 
OCT versus SNT experimental treatment cycle was conducted for brood years 1997-2001 



(release and juvenile migration years 1999-2003).  While adult returns are now complete for the 
first three brood years, the last adults from this treatment cycle will not return until 2006.  The 
purpose of this paper is to discuss the relative survival of these two treatments during juvenile 
migration.  A follow-up paper will be prepared to present and discuss results from adult returns.  
 
Study Area and Facility Descriptions 
 
The Yakima River Basin is located in south central Washington.  From its headwaters near the 
crest of the Cascade Range, the Yakima River flows 344 km (214 miles) southeastward to its 
confluence with the Columbia River (Rkm 539.5; Figure 1).   

 
Figure 1.  The Yakima River Basin and Spring Chinook monitoring locations.   

 
The CESRF is located on the Yakima River just south of the town of Cle Elum (Rkm 295.5).  
Acclimation sites are located at Easton (Rkm 317.8), Clark Flats near the town of Thorp (Rkm 
266.6), and Jack Creek (approximately 32.5 km north of Cle Elum) on the North Fork Teanaway 
River (Rkm 10.2).  Juvenile and adult spring chinook monitoring facilities are located at Roza 
Dam (Rkm 205.8) and at Prosser Dam and Chandler irrigation diversion canal (Rkm 75.6).  
Downstream monitoring locations in the Columbia River are at McNary (Rkm 470), John Day 
(Rkm 347), and Bonneville (Rkm 234) Dams. 
 
Hatchery Rearing Experimental Design 
 
The CESRF was designed so that two experimental treatments can occur.  To maximize 
experimental flexibility, statistical power, and facilitate fish handling, the biological 
specifications planned for at least nine vessels per treatment from incubation through rearing and 
acclimation.  The experimental design specified production of 810,000 fish in 18 separate lots of 



45,000 smolts for release as experimental groups into the watershed above Roza Dam.  Fish are 
targeted for release at a size of 15 fish per pound. 
 
The project experimental design requires that each experiment be conducted over one life cycle.  
With spring chinook salmon, the CESRF is dedicated to comparing treatment effects over five 
year blocks.  Releases for brood years 1997 to 2001 compare the effectiveness of conventional 
rearing methods and semi-natural rearing methods for producing smolts suitable for 
supplementation programs.  The two treatments applied were named Optimum Conventional 
Treatment (OCT) and Semi-Natural Treatment (SNT).   
 
Spawning and early rearing occurs at the CESRF.  Fish are transferred to acclimation sites (see 
Acclimation Rearing) approximately three months prior to release.  Experimental treatments are 
applied at the start of feeding and continued until the smolts leave the acclimation ponds.  All of 
the juveniles are marked with coded wire tags that identify their raceway and treatment group.  
Approximately ten percent of the juveniles also receive a Passive Integrated Transponder (PIT) 
tag.   
 
Optimum Conventional Treatment 
 
The OCT is the experimental control that uses state-of-the-art artificial production techniques in 
incubation, rearing, and acclimation to raise and release fish.  The OCT fish are reared under 
conditions in the hatchery and at off-site acclimation ponds that are expected to produce the 
highest quality and most fit hatchery fish.  Density, flow and temperature criteria guidelines are: 
 

• The maximum rearing density is 0.75 lb/ft3 of rearing space. 
 
• Flow is provided to maintain a high level of dissolved oxygen (not less than 7 ppm) at the 

outflow. Raceways are supplied with 1.44 cfs (650 gpm) through a pond-width manifold.  
 

• Two water supplies are required for the culture of spring chinook salmon at Cle Elum 
Hatchery: (1) a production quantity surface water source to provide a fluctuating 
environment (water quality and temperature) needed to properly induce smoltification, 
and (2) a groundwater system to maintain design temperature maximum of 55oF during 
the summer. 

  
By definition, OCT rearing vessels represent the current Pacific salmon production standards in 
length, width, depth, and inflow.  Raceway vessels typically conform to a ratio of 30:3:1 for 
length, width, and depth, respectively (Piper et al, 1982).  The experimental design assumes a 
raceway standard of 100' x 10' x 3.5' (operating depth) for OCT fish. 
 
Criteria for density, flow, temperature, and raceway design are identical for both SNT and OCT 
fish. 
 



Semi-Natural Treatment 
 
The SNT is an experimental treatment that creates a more natural environment to rear and 
acclimate fish.  The intent of this treatment is to raise and release fish that mimic the positive 
survival characteristics and behavior of their naturally produced counterparts.  This treatment is 
designed to test the hypothesis that a more natural environment will increase post-release 
survival by developing cryptic coloration, feeding and hiding behaviors that increase post-release 
survival.  This rearing environment is designed to include:  
 

• camouflage painted surfaces to enhance more natural coloration 
• overhead cover for shade and hiding  
• instream cover for hiding, and 
• underwater feeders to encourage feeding away from the surface where exposure to avian 

and fish predators is increased. 
 
Acclimation Rearing 
 
Prior to the end of their rearing cycle (approximately one year post swim-up), all experimental 
groups are transferred to off-site rearing ponds for acclimation and release. This transfer occurs 
in late January or early February depending upon snow conditions. 
 
Following the experimental design (Hoffman et al., 1995), three acclimation sites with six 
raceways per site were constructed.  One site is located at Easton, on the upper mainstem above 
the Cle Elum facility, one at Clark Flats on the Yakima River below Cle Elum, and one at Jack 
Creek on the Teanaway, a tributary that enters the Yakima River below Cle Elum (Figure 1).  
These sites were selected because they are located in historical spring chinook spawning areas, 
and they also allow research on imprinting, homing and straying. 
 
Each acclimation raceway is sized to hold an OCT or SNT treatment group of 45,000 spring 
chinook smolts.  Fish are held in the raceways until March 15th when they are volitionally 
released.  Smolts exiting from the raceways migrate through a PIT tag detector and enter the 
stream.  Acclimation sites are operated through May 31, when the water is turned off.  Returning 
adults are expected to spawn in the adjacent stream. 
 
By the end of the hatchery rearing cycle, acclimated fish are expected to have attained their 
maximum size of fifteen fish per pound (15 fpp). The planned size at release is within the range 
of release size criteria common throughout the region (Hopley, 1993). 
 
Methods 
 
PIT Tagging of OCT and SNT fish 
 
A total of approximately 40,000 hatchery Spring Chinook smolts are tagged each year with PIT 
tags.  This represents approximately 5% to 10% of the total hatchery Spring Chinook smolts, 
depending on the number of acclimation ponds stocked (Table 1).  It is these PIT-tagged fish that 
can be detected during dam passage as they out-migrate to the ocean; therefore, all smolt-to-



smolt survival-index estimates are based on PIT-tagged fish.  These PIT tags are monitored at 
Chandler Dam on the Yakima, and at McNary, John Day, and Bonneville Dams on the Columbia 
River (Figure 1).  
 
Smolt-to-smolt survival indices from release to McNary Dam passage were estimated for PIT-tag 
releases for each treatment from each rearing pond within each acclimation site within each year.  
From the 1998 brood on, survival indices were based on volitional releases (only those fish 
detected leaving the acclimation ponds were used to estimate survival indices and the number 
detected at the ponds serves as the release number).  However, for the 1997 brood it was not 
possible to use data from the acclimation site detectors, therefore the survival index for the 1997 
brood is actually based on number of fish tagged adjusted for PIT-tagged mortalities detected in 
the ponds prior to release. 
 
Release Groups 
Table 1 gives the number of PIT-tagged fish for 1997-2001 brood (1999-2003 release) CESRF 
spring chinook by acclimation site, pond, and OCT / SNT treatment groups.  The number of 
release groups and total release diverged from facility goals in 1997 and 1998 due to facility 
start-up related complications.  In 2001, Bacterial Kidney Disease (BKD) fish health issues 
precluded a “full” release and the fish released from the Easton acclimation site were used for a 
predator avoidance training sub-experiment. 



  
Acclimation Brood Year 
Site Pond Type 1997 1998 1999 2000 2001 

1 SNT 3,975 2,429 2,220 2,225 4,017 
2 OCT 3,981 2,475 2,215 2,226 4,000 
3 SNT 3,998 2,480 2,208 2,225   
4 OCT 3,997 2,435 2,213 2,225   
5 SNT 4,001 2,473 2,210 2,225   

Clark 
Flat 

6 OCT 4,000 2,474 2,215 2,226   

SNT 11,974 7,382 6,638 6,675 4,017 
OCT 11,978 7,384 6,643 6,677 4,000 Clark Flat 

Totals ALL 23,952 14,766 13,281 13,352 8,017 
Total Release 229,290 221,460 232,563 285,954 80,782 

Proportion PIT-tagged 10.4% 6.7% 5.7% 4.7% 9.9% 

1 SNT 3,986 2,481 2,221 2,225 1,333 
2 OCT 3,989 2,495 2,215 2,226 1,333 
3 SNT 3,975 2,488 2,207 2,225 1,336 
4 OCT 3,990 2,476 2,212 2,225 1,338 
5 SNT  2,470 2,208 2,225 1,334 

Easton 

6 OCT  2,471 2,218 2,226 1,333 

SNT 7,961 7,439 6,636 6,675 4,003 
OCT 7,979 7,442 6,645 6,677 4,004 Easton 

Totals ALL 15,940 14,881 13,281 13,352 8,007 
Total Release 156,758 230,860 269,502 263,061 39,106 

Proportion PIT-tagged 10.2% 6.4% 4.9% 5.1% 20.5% 

1 SNT  2,472 2,208 2,225 4,000 
2 OCT  2,469 2,223 2,225 4,004 
3 SNT  2,414 2,195 2,226 4,000 
4 OCT  1,464 2,205 2,225 4,000 
5 SNT   2,194 2,227 4,001 

Jack Creek 

6 OCT   2,212 2,225 4,000 

SNT  4,886 6,597 6,678 12,001 
OCT  3,933 6,640 6,675 12,004 Jack Creek 

Totals ALL  8,819 13,237 13,353 24,005 
Total Release 137,363 256,724 285,270 250,348 

Proportion PIT-tagged  6.4% 5.2% 4.7% 9.6% 

SNT 19,935 19,707 19,871 20,028 20,021 
OCT 19,957 18,759 19,928 20,029 20,008 Totals for 

All Sites ALL 39,892 38,466 39,799 40,057 40,029 
Total Release 386,048 589,683 758,789 834,285 370,236 

Proportion PIT-tagged 10.3% 6.5% 5.2% 4.8% 10.8% 
 
Table 1.  CESRF PIT-tagged releases by acclimation site/pond, treatment, and brood year. 
 



Results 
 
Figure 2 presents a comparison of OCT and SNT juvenile survival indices by brood year and 
release site.  Brood-year 1997 smolts had the highest survival index.  They outmigrated in 1999 
which had one of the highest protracted flows on record and the highest for the five broods 
studied.  Brood-year 1999 smolts had the lowest survival index.  They outmigrated in 2001 
which had one of the lowest protracted flows on record and the lowest for the five broods 
studied. 

 
Regarding the relative SNT and OCT survival-index comparisons, unless otherwise stated, 
statistical significance is based on one-sided tests for concluding that the SNT survival index is 
greater than the OCT survival index when the hypothesis that there is no difference in SNT and 
OCT survival indices is true (Type 1 error). 

 
For each of the first three broods, the mean survival index over sites for SNT smolts was greater 
than that for OCT smolts; however, of those first three broods, only the third indicated a 
significant difference (p = 0.027, 1-sided test).  The SNT survival index exceeded that for OCT 
in seven of the eight year-by-acclimation-pond combinations for those three broods; indicating 
that the SNT had a significantly higher survival index than the OCT at the 5% level (p = 0.035 
based on a 1-sided sign test).  Referring to the individual blocked pairs of ponds for those three 
broods, the SNT had a higher survival index than the OCT in 14 of the total of 22 blocked pond 
pairs, significant at the 10% level (P = 0.076 based on a 1-sided sign test).   A combined logistic 
analysis of variation was performed for those first three years1, and the survival index associated 
with the SNT treatment is not significantly greater than that associated with the OCT (p = 0.137, 
1-sided test).  The statistical assessment is not clear for those first three brood years, but, if the 
survival index associated with the SNT treatment was truly greater than that of the OCT, the 
estimates suggest that it was only marginally greater. 
 
If there is ambiguity associated with statistical tests for first three broods, there is none 
associated with the fourth brood.  The SNT treatment performed significantly worse than OCT in 
terms of the smolt-to-smolt survival index (p = 0.078, F-test which is two-sided for treatment 
comparison).  In fact, the SNT treatment had a lower survival index than that of the OCT in eight 
of the nine blocked pond pairs.  One possible reason for this is that there were greater levels of 
Bacterial Kidney Disease (BKD) in that brood than in the other four broods (almost absent in the 
other broods).  It turns out that the SNT fish had a significantly higher BKD index than did the 
OCT fish (p = 0.001, analysis of variance on mean BKD index2, F-test which is two-sided for 
treatment comparison).  A logistic analysis of covariation was run on the survival index using the 
BKD index as the covariate or concomitant variable.  When survival indices were adjusted for 
the BKD effect, there was no longer a significant difference between the treatments’ mean 
survival indices (p = 0.644, logistic analysis of variation, F-test which is two-sided for treatment 
comparison).  

                                                           
1 The combined analysis over the first three brood years indicated no year or acclimation site interactions with 
treatment; therefore, the comparison of mean survival indices across these sites and years is justified. 
 
2 Ray Brunson (United States Fish and Wildlife Service, Olympia, Washington) provided disease data.  Between 59 
and 61 fish were sampled and measured for BKD severity per pond. 



 
For the final brood, there was no significant difference between the two treatments’ survival 
indices.  The site-by-treatment interaction was approaching significance at the 10% significance 
level (p = 0.101), and this is reflected in Figure 2 wherein the survival index for SNT is lower 
than OCT for the Clark Flat acclimation site but higher for the Jack Creek site.  However, there 
was only one pair of ponds stocked at Clark Flat, but three pairs stocked at Jack Creek.  For one 
of the Jack Creek pond pairs, the SNT survival index was actually lower than the OCT; whereas 
for the other two pairs the SNT was higher.  There is insufficient evidence of a site-by-treatment 
interaction in any of the brood years. 
 
For additional details about these survival analyses, please refer to Appendix C in Bosch (editor), 
2004. 
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Figure 2. Release-to-McNary smolt-to-smolt survival indices for OCT and SNT Spring 

Chinook Released into the Upper Yakima [release/outmigration years 2 years 
following brood year (BY)] 
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Abstract 

The experimental British Columbia Living Gene Bank program (LGB) was 

established in 1998 in response to increasing risks of extinction of most steelhead trout 

populations on the east coast of Vancouver Island.  The program focused on selecting 

wild juvenile fish (smolts) representative of the genetic diversity of the wild population, 

creating a refuge for these fish within a hatchery, rearing them to maturity and using 

artificial propagation to amplify their numbers, before release into their native river. The 

program was designed with five years (a single steelhead generation) of wild smolt 

broodstock collection and progeny smolt release. In this presentation we describe our 

preliminary assessment of some of the hatchery protocols. The smolt collection protocol 

attempted to mimic wild smolt outmigration in timing and numbers, and was determined 

successful in collecting broodstock representative of the wild, using genetic analysis. 

Using smolts as broodstock gave the advantage of a large broodstock without significant 

impact on the wild adult numbers.  Due to long rearing time, the Broodstock were 

vulnerable to domestication selection with a 58% average smolt to adult survival. Pair-

wise relatedness analysis of broodstock determined that inbreeding likelihood was low.  

This allowed the expensive testing to be discontinued and offered insights into how and 

when to begin a LGB program to avoid inbreeding effects in the progeny.  Reduced 

variation in family size among LGB progeny was achieved with an “equalization” 

process.  However; this process was seen to select against different maturation schedules. 

The smolt release protocol used wild Keogh data to time the introduction of LGB smolts 

to the approximate peak of the run,  and knowledge of the low ocean survival rates to 



 

determine the number of smolts released. The LGB program was a trial to see if hatchery 

culture could be used to aid wild populations.  Much of the understanding of how to 

collect and raise wild smolts to maturity, maintain genetic diversity, reduce mortality 

over all life stages, and release phenotypically vigorous fish was achieved during the 

program.   

 



 

Hatchery Cultivation of Steelhead Trout (Oncorhynchus mykiss) for the British 

Columbia Living Gene Bank Program (1998-2004) 

 

Erika Ammann1*
, Virginia Eccleston2, Ray Billings2, Mart Gross1 (*denotes speaker). 

 

1: University of Toronto, Department of Zoology, 25 Harbord St., Toronto, Ontario, 

Canada M5S 3G5. 
2: Freshwater Fisheries Society of BC, Suite 106, 2975 Jutland Rd Victoria, BC, Canada 

V8T 5J9. 
 

Extended Abstract 

The experimental British Columbia Living Gene Bank program (LGB) was 

established in 1998 in response to increasing risks of extinction of most steelhead trout 

populations on the east coast of Vancouver Island.   The program was designed to 

increase the number of individuals while maintaining the wild population’s genetic 

diversity.  The program therefore focused on selecting wild juvenile fish (smolts) which 

are representative of the genetic diversity of the wild population, creating a refuge for 

these fish within a hatchery (Vancouver Island Trout Hatchery, Duncan), rearing them to 

maturity and using artificial propagation to amplify their numbers, before release into the 

river from which the wild juveniles had been withdrawn. Three Vancouver Island 

populations (Keogh, Little Qualicum, and Quinsam Rivers) were chosen and the program 

was conducted on a trial basis to see if the objectives of refuge and amplification within 

the hatchery, maintenance of genetic diversity and increase in wild numbers, and thus a 

decreased risk of extinction for these wild populations could be achieved. It was 

considered that this would be a test of the potential use of hatchery culture to aid wild 

populations facing extinction.  

The program was designed with five years of wild smolt broodstock collection 

and five years of progeny smolt release.  This would allow an assessment to be conducted 

without the complication of re-introduction of descendents of LGB individuals into the 

hatchery program. The goal of the program was to aid the wild population through a 

single steelhead generation of refuge and amplification, and not to continue to support the 



 

populations with repeated hatchery introductions. The planned last release of LGB smolt 

progeny will occur in May 2005, bringing this hatchery program to a close.  

A challenge for the program is to assess whether it has been a success in 

achieving its goal of maintaining genetic diversity and contributing to wild population 

numbers. The Keogh River population was chosen to be the focus of an evaluation 

because it has facilities for population assessment, and also 28 years of historic data on its 

wild population.  In this presentation we describe our preliminary assessment of the 

hatchery protocols developed by the program for the Keogh River population. 

Specifically, we focus on five aspects: collection of wild smolts as broodstock, rearing of 

wild smolts to maturity, spawning based on genetic analysis, decreased family size 

variability, and release of LGB progeny as smolts 

Broodstock collection focused on wild smolts rather than wild adults, to avoid 

further decreasing wild adult numbers and to allow for the collection of enough fish to 

represent the population’s genetic diversity. The smolt collection protocol attempted to 

mimic wild smolt outmigration in timing and numbers, the assumption being that 

mimicking these factors would result in a genetic diversity in the broodstock that was 

representative of the genetic diversity of the wild run. In the first year of the program, the 

allelic composition of 68 of the 109 smolts collected which survived the first year of 

culture for broodstock was compared with that of the wild population from years 1997, 

1985, and 1994. The broodstock smolts were determined to be representative of the wild 

population (Ardren 1999), suggesting that it is possible to adequately sample genetic 

diversity.  The lack of historical data on run timing and numbers for other endangered 

populations may, however, limit the applicability of this smolt collection protocol.    

Collection of broodstock at the smolt stage gave the advantage of a large 

broodstock without significant impact on the wild adult numbers, but made the 

broodstock vulnerable to domestication selection, because they had to be reared in culture 

for two or three years prior to maturity. Intensive fish culture helped minimize mortality 

in the broodstock. The culture protocols included acclimating wild smolts to artificial 

food, treating pathogens, administering antibiotics to help prevent infection, and 

continuous size grading. These protocols led to an average smolt to adult survival of 58% 

(1998-2002 smolt collection years) for the Keogh broodstock, which is much higher than 



 

the survival in the wild (avg. 3.5% from 1990-1995;Ward 2000). The high survival rate 

suggests that the hatchery indeed became a refuge for steelhead numbers; however, the 

effects of these protocols in selecting for a ‘domesticated’ broodstock remain to be 

examined.  

Broodstock spawning in the first two years of the program used calculations of 

pair-wise relatedness to avoid inbreeding in one-to-one pairings. However, because the 

broodstock were genetically diverse, it was calculated that inbreeding between relatives 

would be uncommon. For this reason, and because of high costs involved in genetic 

analyses, the determination of pair-wise relatedness was not continued beyond the second 

year of the program.  Instead, during the remaining three years of the program, random 

one-to-one pairings were employed to maximize genetic diversity in the progeny. The 

low likelihood of inbreeding is an outcome of the collection protocol and the decision to 

establish an LGB program prior to very low population sizes.  These findings provide 

useful insights into how and when to begin an LGB program. Had the program been 

delayed until today, when population size has collapsed to extremely low numbers, 

collecting an adequate smolt sample to ensure genetic diversity would have been 

problematic. Future LGB programs that are similarly unencumbered by the need to 

combat inbreeding depression could focus not on genetic diversity alone, but also on 

genetic quality (e.g., “good genes”, or compatible genes). Improvements in genetic 

quality of progeny could perhaps be achieved by allowing or mimicking mate choice in 

the hatchery, an investigation currently underway with these steelhead (Gross lab).   

Variation in family size among LGB progeny could skew the genetic composition 

in the wild population, and the variation was therefore reduced using an “equalization” 

process that involved: the median number of eyed eggs from each female, and the overall 

production goals of the hatchery.  In this protocol, all families with eyed egg numbers 

over the set equalization number were culled. This process did not affect family sizes 

below the median, and only decreased the large families. However, the protocol did have 

the overall effect of decreasing family size variation.  On the other hand, the protocol did 

not take into account different maturation schedules. For example, some females in the 

broodstock matured in three years, rather than two. The three year olds, being larger, 

produced more eggs but the extra year of maturation gave them no benefit in increased 



 

progeny under the equalization protocol.  Any differential survivorship to maturity due to 

the delayed year would therefore not be ‘paid back’ through increased progeny number.  

If hatcheries are to be a refuge for variable life history schedules, the equalization 

strategy should incorporate protocols that allow for multiple ages of maturity.   

The smolt release protocol used available data on the Keogh wild smolt run to 

time the introduction of LGB smolts to the approximate peak of the run. The program 

also used knowledge of the low ocean survival rates of the Keogh population to 

determine the number of smolts released. The release numbers of the LGB program 

(average of 27,148 smolts, compared to 1811 s.d. 520 smolts in the wild run) show that 

the hatchery was able to achieve its targeted amplification numbers. However, large 

amplification of fish numbers from a limited broodstock always carries the risk of genetic 

divergence from the wild population. In addition, the behaviour of the released smolts 

and their effect on the wild population needs to be evaluated.   For instance, a substantial 

proportion of returning adult LGB fish are spawning in the area that they were released as 

smolts. 

From data on historical to current smolt to adult survival and smolt production per 

spawner  it seemed clear that the wild population in the Keogh was below replacement 

levels and was heading toward extinction (Ward 2000).  The LGB program was therefore 

a trial to see if see if hatchery culture could be used to save wild populations.  Much of 

the understanding of how to collect and raise wild smolts to maturity, maintain genetic 

diversity, reduce mortality over all life stages, and release phenotypically vigorous fish 

was achieved during the program.  A detailed scientific evaluation of its ultimate success 

in boosting the numbers of wild steelhead while maintaining genetic structure is currently 

underway and promises to make the BC LGB project an important study for 

understanding the role of hatchery culture in conservation.  
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Abstract 
During the 1990s, a total of 16 wild ESA-listed endangered Snake River sockeye salmon 
returned to Redfish Lake, Idaho (0-8 per year).  All returning fish were captured and 
reared for captive broodstock, resulting in production of hundreds of thousands of 
progeny (prespawning adults, eyed eggs, presmolts, and smolts) replanted to habitats.  
Between 1999-2004, over 320 adults returned from the ocean from captive broodstock 
releases – a 20X amplification of the number of wild fish that returned in the 1990s.  
Development of successful captive husbandry procedures, maintenance of genetic 
diversity, enhancement of habitat carrying capacity, and evaluation of restocking efforts 
are discussed. 
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Extended abstract 

 
Snake River sockeye salmon (Oncorhynchus nerka) are considered by many to be 

among the most critically depleted salmonid resources in the Pacific Northwest.  In 
December 1991, the National Marine Fisheries Service (NOAA Fisheries) listed Snake 
River sockeye salmon as endangered under the U.S. Endangered Species Act (ESA) 
(Waples 1991).  The last known remnants of the stock return to Redfish Lake in the 
Sawtooth Valley in Idaho.  On the basis of critically low population numbers, aggressive 
actions were initiated during the year of ESA listing to stem extinction risks for Snake 
River sockeye salmon.  These measures included taking a majority of the remaining 
population into captivity and initiating actions in the freshwater rearing habitat to 
promote survival of reintroduced fish (Flagg et al. 1995; 2004).  These actions include 
participation of NOAA Fisheries, Idaho Department of Fish and Game (IDFG), 
Shoshone-Bannock Tribes of Idaho (SBT), University of Idaho (UI), and Bonneville 
Power Administration (BPA). 
 During the decade of the 1990’s, a total of 16 wild fish (0-8 per year) returned to 
Redfish Lake (Figure 1); all were captured and used in a captive broodstock program to 
help amplify the population.  Redfish Lake sockeye salmon captive broodstocks are being 
maintained by both NOAA Fisheries and IDFG.  Groups of fish are reared at two or more 
facilities to avoid the potential of catastrophic loss of important genetic lineages.  At the 



inception of the captive broodstock program in the early 1990’s, the expected 
performance of captive broodstocks in terms of growth, survival, and reproductive 
performance had been noted to be variable and often low (Schiewe et al. 1997).  These 
factors have been monitored as a gauge of success of the current program compared to 
earlier attempts with non-listed fish.  During the program, mean survival to adult has 
ranged from 79-88% for brood year groups of captive brood reared at IDFG facilities and 
13-74% for those reared at NOAA facilities.  Mean annual egg viability of captive 
broodstock reared at IDFG facilities has ranged from 29-60% and from 33-78% for those 
reared at NOAA facilities.  Mean weight of spawners at both IDFG and NOAA facilities 
has often exceeded 2.5 kg, exceeding wild fish weight by more that 60%. 

Spawning protocols for adults produced from the captive broodstocks are 
designed to minimize the risk of inbreeding.  Both pedigree analysis and microsatellite 
data are used to aid in development of spawning designs.  Even though the founding 
population for the Redfish Lake sockeye salmon captive broodstock was very small (five 
wild anadromous females and eleven males), to date there is little evidence of losses in 
heterozygosity and genetic diversity in the captive population.  The initial sourcing of 
about 6,000 eyed eggs from the wild returning fish has resulted in the production of over 
1.8 million progeny (prespawning adults, eyed eggs, presmolts, and smolts) replanted to 
Stanley Basin habitats (Table 1).  

To stabilize rearing conditions and to provide food resources for reintroduced 
sockeye salmon, nutrient supplementation has been conducted in Redfish Lake (1995-
1998 and 2000-2001), Alturas Lake (1997-1999), and Pettit Lake (1997-1999).  Liquid 
ammonium nitrate and ammonium phosphate (20:1 (1995-1998) and 30:1 N:P (1999-
2001) ratio at an areal loading rates of about 35 mg P/m2/year ) was surface applied 
weekly by boat from June-October (Flagg et al. 2004).  Limnological parameters 
including nutrient levels, chlorophyll a, secchi depth, primary productivity, heterotrophic 
bacteria, autotrophic picoplankton, phytoplankton, and zooplankton assemblage 
characteristics (species composition and densities) were monitored concomitant with 
fertilization activities.  In general, results have indicated that 1) negative impacts to 
aesthetic values and water quality were insignificant, 2) marked increases in chlorophyll 
a, primary productivity and zooplankton biomass occurred, providing evidence that 
nutrient supplementation was effective, and 3) growth and survival of endangered 
sockeye were maintained or improved. 

Since 1999, anadromous sockeye salmon from program releases have been 
returning to the Sawtooth Valley (Figure 1).  Between 1999-2004, about 340 adults 
returned from the ocean from captive broodstock releases – an amplification of over 20 
times the number of wild fish that returned in the 1990s.  A majority of the adult returns 
(Figure 1) have occurred from years when large numbers of smolts have been released 
(Table 1).  In the future, program managers plan to stabilize smolt releases at 100-
200K/yr to ensure demographic amplification.  Releases of other life stages (prespawning 
adults, eyed eggs, and presmolts) will continue in order to provide for returning fish with 
increased fitness opportunities.  Importantly, through the captive broodstocks, important 
lineages of Redfish Lake sockeye salmon will continue to be maintained in culture as 
preserves for genetic variability and for numerical and demographic amplification of 
releases to the habitat.  It is virtually certain that the broodstock program has, at least for 
the short-term, prevented extinction of Redfish Lake sockeye salmon. 
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Table 1.  Estimated number of prespawing adults, eyed eggs, presmolts, and smolts from 
Redfish Lake sockeye salmon captive broodstocks reared at IDFG and NOAA Fisheries 
released in Sawtooth Valley lakes, 1993-2004. 
 
Redfish Lake 

Year Planted Eyed-eggs Pre-spawn 
adults Presmolts Smolts 

1993  20   
1994  65 14,119  
1995   83,045 3,794a

1996 105,000 120 1,932 11,545a

1997 85,378 80 152,322  

1998   95,248 37,583a 

44,032b

1999  21 23,886 4,859a 

4,859b

2000  166 48,051 148a

2001  79 83,003 13,915b

2002  190 106,501 38,672b

2003  315 59,810 0 
2004  241 79,887 96b

Pettit Lake 
1995   8,527  
1996     
1997  20 8,643  
1998   7,246  
1999 20,311  3,430  
2000 65,200 28 12,074  
2001   11,050  
2002 30,924  27,786  
2003 149,966  14,961  
2004 50,000  30,700  

Alturas lake 
1997 20,389 20 94,746  
1998   39,377  
1999   12,955  
2000  77 11,989  
2001   12,113  
2002   6,123  
2003 49,700  2,017  
2004   20,129  

Totals 576,868 1,442 1,071,670 159,503 
 

aPlanted in Redfish Lake Creek downstream of the juvenile and adult trapping facility. 
bPlanted in the upper Salmon River immediately downstream of the Sawtooth Fish 
Hatchery. 



 

Figure 1.  Population abundance information for Redfish Lake sockeye salmon. 
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Abstract  
 
Some concerns and practices common to anadromous Pacific salmon hatchery programs 
have been applied to white sturgeon conservation aquaculture programs. However, 
salmon and sturgeon reproductive and life history strategies differ considerably. This 
paper: 1) highlights salient differences between sturgeon and Pacific salmon reproductive 
and life history strategies, 2) discusses how and why these differences should logically 
dictate species-specific differences in hatchery programs, and 3) addresses two 
procedures from salmon hatchery programs that may differ when applied to sturgeon 
hatchery programs. What is good for salmon may not be good for sturgeon, due to their 
divergent reproductive and life history strategies. 
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Introduction  
 
Many sturgeon populations worldwide are currently imperiled and some have recently gone 
extinct (Birstein et al. 1993, 1997). In a review of nearly 60 genera of endangered fishes 
(Musick et al. 2000), other than marine Sebastes spp., more North American sturgeon species 
were listed as threatened or endangered than any other group. The imperiled status of the 
majority of white sturgeon populations (Acipenser transmontanus) inhabiting the Pacific 
Coast’s large river systems in North America follows the decline of many wild Pacific salmon 
populations (Oncorhynchus spp.) during previous decades (Nehlsen et al. 1991; Birstein 1993; 
NRC 1996; Beamesderfer and Farr 1997; Birstein et al. 1997). In a recent evaluation of 29 
white sturgeon populations from the Columbia River Basin in the U.S. and Canada, only four 
had adequate natural recruitment to support harvest (UCRWSRI 2002). An additional 17 could 
not support harvest due to insufficient recruitment, and the remaining eight were considered 
functionally extirpated. Further evaluation revealed similar results: 72% of white sturgeon 
populations evaluated (23 of 32) lacked adequate recruitment to expect population persistence 
without intervention (Anders et al. 2004). 
 
In this context, hatcheries are being increasingly relied upon to prevent extinction of sturgeon 
populations while managers address factors causing population decline. Although the first 
North American Pacific salmon hatcheries became operational by the late 1800s, it was not 
until the late 1900s that salmon hatchery programs began focusing on conservation of wild 
populations (Campton 1995; Brannon et al. 1999; Lichatowich 1999).  Likewise, the 
development of conservation aquaculture for white sturgeon began about 15 years ago (Ireland 
et al. 2002a, 2002b).    
 
Conservation aquaculture has been defined as “an adaptive, creative approach that prioritizes 
preservation of wild populations along with their locally adapted gene pools and characteristic 
phenotypes and behaviors” (Anders 1998).  The National Marine Fisheries Service provided a 
similar definition: “a conservation hatchery may be defined as a rearing facility to breed and 
propagate a stock of fish with equivalent genetic resources of the native stock, and with the full 
ability to return to reproduce naturally in its native habitat” (Flagg and Nash 1999).  Thus, the 
intent of conservation aquaculture, as the name implies, differs from hatchery supplementation 
programs, in which success is measured in part by maximizing numbers of fish released from the 
hatchery. 
 
Some concerns and practices from salmon hatchery programs have been recently applied to 
white sturgeon conservation aquaculture programs. However, salmon and sturgeon 
reproductive and life history strategies differ considerably. Thus, sturgeon and salmon hatchery 

   



programs should also differ to be consistent with natural species-specific reproductive and life 
history traits.  
 
This paper: 1) highlights salient differences between sturgeon and Pacific salmon reproductive 
and life history strategies, 2) discusses how and why these differences logically dictate species-
specific differences in hatchery programs, and 3) addresses two procedures from salmon 
hatchery programs that may differ when applied to sturgeon hatchery programs (equalization of 
family group size at release, and maximizing numbers of brood stock contributing to annual 
cohorts). 
  

Reproductive and life history strategy differences 
 
 Sturgeon and Pacific salmon species exist at opposite ends of the spectrum regarding 
reproductive and life history strategies.  Sturgeons are iteroparous, long-lived, communal 
broadcast spawners with long overlapping generations, high fecundity, and great longevity 
(Table 1). Coupling these attributes with considerable reproductively effective migration results 
in increased among-generation and among-cohort gene flow.  These features naturally 
contribute to population viability and persistence of white sturgeon populations (Table 2).  
 
Pacific salmon are semelparous and generally paired spawners, with short, minimally 
overlapping generations, compared to white sturgeon (Table 1). Pacific salmon gene flow and 
resulting population structure are strongly shaped by philopatry (homing fidelity), and 
generally occur at much finer spatial scales for salmon than for sturgeon (Groot and Margolis 
1991; Anders and Powell 2002; Brannon et al. 2004).  Whereas natural white sturgeon 
reproduction incorporates a large number of families, generations, and lineages into a single 
year’s spawning events, brood stock from generally one to three salmon cohorts may be 
available to spawn during a given year, depending on the species.  
 
White sturgeon vs. salmon hatcheries  
 
Design and operation differences between white sturgeon and Pacific salmon hatchery 
programs should be expected due to reproductive and life history differences between these 
species (Tables 1 and 2).  It has been suggested that for hatchery programs to succeed, they 
must address the environmental requirements of natural populations they are supplementing, 
including the reproductive and life history traits allowing them to synchronize their life history 
traits with specific environmental conditions and constraints (Brannon 1993; Brannon et al. 
2004).   
 
Thus, conservation aquaculture programs should focus on hatchery protocols and design 
rationale that best mimic and complement natural reproductive and life history attributes of the 
target species (Table 2). For example, because sturgeon are iteroparous, females should be 
allowed to serve as brood stock in the hatchery upon subsequent availability, as long as they are 
mated with numerous different males, as would occur during natural spawning in the wild due 
to sex-specific differences in spawning periodicity.  In another example, communal broadcast 
spawning naturally contributes to complex gene flow patterns in sturgeons. This feature can be 
addressed to some degree in the hatchery by fertilizing each female with gametes from 

   



multiple, different males. Finally, natural reproduction in viable sturgeon populations is also 
characterized by interbreeding individuals from many cohorts, year-classes, generations, and 
families.  Spawning matrix design can partially incorporate this natural reproductive strategy 
by ensuring that fish of considerably different ages (sizes) are interbred.  Intentionally mating 
fish of considerably different sizes (ages) should increase inter-generational gene flow, 
consistent with the natural sturgeon reproductive model. 
 
 
 

Reproductive and life 
history attributes 

White sturgeon 
(Acipenser transmontanus) 

Pacific salmonids 
(Oncorhynchus spp.) 

Spawning type 
Iteroparity 

Communal spawners 
Broadcast spawning 

Semelparity 
Paired spawners 
Redd-building 

Fecundity 100,000 - > 1 million eggs 1,500 – 12,000 
Generation length 20-30 yrs 3-6 yrs. 

Longevity > 100 yrs. < 10 years 
Age at first maturity 15-25 yrs. 2-7 yrs. 

Number of year-classes 
spawning together Several - dozens 1-3 

 
Table 1. Comparison of white sturgeon and Pacific salmon reproductive and life history 
strategies.  Comparisons highlight the need for species-specific design and implementation of 
conservation aquaculture programs. 
 

 

 
Reproductive and life history attributes 

 

 
Benefits 

 
Iteroparity 

 
Multiple opportunities to pass gametes on to 
subsequent generations within a single lifespan; 
increases among-generation gene flow  
 

Overlapping generations 
Increases among-generation gene flow mosaic; 
reduces probability of inbred progeny 
 

Differential, sex-specific age at first maturity 
Reduces reproductive synchrony of male female 
siblings and half-sib family members  
 

Differential, sex-specific spawning periodicity 
Communal, broadcast spawning 

Reduces reproductive synchrony of male and female 
siblings and half-sib family members; Increases 
among-generation gene flow; reduces probability of 
inbred progeny 

 
 
 
Table 2.  Beneficial aspects of white sturgeon reproductive and life history attributes. 

   



Applying salmon hatchery procedures to sturgeon conservation hatcheries  
 
As hatchery managers and fish culturists respond to the imperiled status of white sturgeon 
populations at local and regional scales, some issues and practices from Pacific salmon 
hatcheries may be applied to sturgeon hatcheries, sometimes inappropriately. This application 
may be due to the prevalence of salmon hatcheries and familiarity with salmon hatchery 
practices, given their long regional history. It may also be due to the lack of sturgeon 
conservation aquaculture facilities and programs developed to date to use as models. 
 
Equalization of fish numbers among family release groups – Equalization of family group size 
at release has been reported as a way to reduce or minimize differential or directional family 
selection associated with salmon hatcheries (Allendorf and Ryman 1987; Kincaid 1993).  This 
practice is based on the notion that different early life selection pressures result in a mortality 
scheme in the hatchery that may be different in the wild. According to this argument, family 
sizes are equalized at release to preclude competitive advantages or disadvantages for any 
particular families that could result from variable survival among families in the hatchery. 
However, few published empirical evaluations comparing results of variable and equalized 
family release groups are currently found in the literature (Hedrick and Hedgecock 1994). 
  
Equalizing the number of individuals among all family groups at release has also been 
recommended as a way to reduce inbreeding during subsequent generations (Allendorf and 
Ryman 1987; Kincaid 1993).  This recommendation is based on the assumption that equalizing 
family release group size will minimize over- and under-representation of hatchery-produced 
fish after they mature and reproduce in the wild.  However, this argument is confounded 
because post-release survival may vary among families prior to sexual maturation (up to 30 
years in some sturgeon populations).  This in turn could lead to differential reproductive 
contribution among the same family groups reproducing in the wild.  Thus, utility of equalizing 
family group size at release for sturgeons may be compromised or nullified because they 
require from 15 to 30 years after release to mature and reproduce, and they exhibit differential 
sex-specific reproductive periodicity. 
 
A special case of family size equalization recently debated within sturgeon conservation 
aquaculture programs involves reducing (“equalizing down”) family release groups to the level 
of the smallest production group.  An inflexible policy mandating this approach applied to 
white sturgeon aquaculture programs could reduce or eliminate the program’s intended 
demographic benefits in the name of risk aversion. In the case of critically imperiled and 
demographically remnant salmon or sturgeon populations, demographic risk eventually 
outweighs genetic risk as population size continues to decline.  If too few released fish survive 
to successfully recruit to spawning age, no genetic risks accrue.  However, no demographic or 
genetic benefits can accrue under this scenario either, and extinction risk continues to increase 
due to with limiting or failing recruitment and annual mortality.  Thus, by equalizing down 
numbers among family release groups to the smallest group size, insufficient numbers of fish 
may be released from conservation aquaculture programs to provide adequate demographic and 
genetic representation for wild spawners in future generations.   
 

   



Currently, few if any conservation aquaculture programs for Pacific salmon in the Columbia 
River Basin in the U.S. equalize the size of family release groups.  However, these programs 
adamantly require selecting equal fish numbers from all hatchery progeny groups if such 
groups are used to found captive brood stock populations (Paul Kline, Idaho Department of 
Fish and Game; Madison Powell, University of Idaho, personal communication, 2003).  This 
distinction may contribute to confusion in debates about equalization of family group size.   
 
Maximizing numbers of brood stock contributing to annual cohorts – Given white sturgeon 
reproductive and life history traits, increasing the number of sturgeon brood stock contributing 
to a hatchery produced year-class should maximize the number of families, generations, 
lineages and cohorts passing genetic variability on to the next generation (Figure 1), unless the 
source population is highly inbred. Note that considerably more sturgeon brood stock could be 
spawned in a given year than salmon and still contribute too increased genetic diversity (Figure 
1). 
 

 
Figure 1. Theoretical relation between numbers of brood stock spawned in a given year and 
number of generations, lineages, and families (genetic diversity) represented for Pacific salmon 
(Oncorhynchus spp.) and sturgeon (Acipenseridae). 
 
Although initially counter-intuitive, outcomes of increasing annual numbers of salmon and 
sturgeon brood stock differ due to their divergent life histories and reproductive traits.  
Spawning more white sturgeon in a hatchery during a single year should theoretically reduce 
the probability of inbreeding in the next generation, and increase within-population and among-
generation gene flow, genetic variation, and diversity in the brood stock and resulting progeny 
groups (Figure 1).  However, hatcheries cannot and should not be expected to represent all of 
the source population’s genetic diversity in any one brood stock group.  Such an event rarely if 
ever happens in the wild.  In fact, failure for all wild spawners to contribute gametes and/or 
progeny to the next generation is a natural phenomenon known as genetic drift.   

   



Negative effects of genetic drift are exacerbated by small population size, whether in the wild 
or in the hatchery.  Therefore, increasing or maximizing numbers of male and female 
broodstock spawned in a given year in sturgeon hatcheries: 1) reduces probability of future 
inbreeding, 2) reduces the magnitude of negative effects from genetic drift, 3) maximizes 
within-population, among-family, among-lineage, and among-cohort gene flow, and 4) 
contributes to population level genetic variation and diversity.  These outcomes represent 
characteristics of natural sturgeon mating and reproductive strategies and are positive features 
of conservation aquaculture programs.  Alternatively, hatchery design or operational features 
that are inconsistent with natural reproductive and life history trait expression could jeopardize 
program success and compromise future population viability and persistence. 
 
Summary and Conclusions  
 
Incorporating target species’ reproductive and life history attributes and requirements into 
design and implementation of conservation aquaculture programs is crucial for their success.  
Comparisons of these attributes for white sturgeon and Pacific salmon illustrate how these 
differences dictate hatchery program differences for different species. Conservation aquaculture 
programs should: 1) model hatchery protocols and facility design after reproductive 
characteristics of target species, and 2) incorporate environmental variance and requirements 
into hatching, rearing, and release practices, and into the hatchery facilities in which these life 
stages occur.  Finally, strict across-species implementation of conservation aquaculture 
practices should be viewed with caution, and should be reviewed objectively in the broader 
context of their similarity to the target species’ suite of reproductive and life history attributes. 
 
Whether in the wild or in the hatchery, reproductive and life history traits retained by natural 
selection and evolution as evolutionarily stable strategies affect cohort performance and 
survival before and after release from the hatchery.  Therefore, it behooves fisheries managers, 
hatchery managers, and fish culturists to understand the natural reproductive and life history 
strategies of fishes they manage and culture because they offer successful, time-tested natural 
models to guide design and operation of hatchery programs.  
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Abstract - The U.S. Fish and Wildlife Service listed the white sturgeon population (Acipenser 
transmontanus) in the Kootenai River as endangered in 1994 due to post-glacial isolation and 
the virtual lack of recruitment since 1974.  A conservation aquaculture program was initiated to 
preserve genetic variability, begin rebuilding age-class-structure, and prevent extinction while 
measures are implemented to restore natural recruitment.  Until suitable habitat conditions are 
re-established in the Kootenai River ecosystem to increase white sturgeon survival past the 
egg/larval stage and restore natural recruitment in the white sturgeon population, the 
Conservation Aquaculture Program will continue to protect this unique endangered population 
from extinction.   
 
Introduction – Aquaculture techniques were first applied to wild white sturgeon populations in 
1990 on the Kootenai River in northern Idaho following concerns that missing year classes, 
failed recruitment, and skewed age class structure were threatening this population. Subsequent 
concerns regarding duration, breadth, and magnitude of ecosystem degradation in Montana, 
Idaho, and British Columbia portions of the Kootenai River suggested that a conservation 
hatchery program was warranted to preclude extinction. The Kootenai River white sturgeon 
population was listed as endangered under the Endangered Species Act (ESA) in 1994 (USFWS 
1994).  A recovery plan was completed in 1999, which incorporated the conservation 
aquaculture program (Duke et al. 1999; USFWS 1999), guided by a breeding plan to preserve the 
genetic variability of Kootenai River white sturgeon (Kincaid 1993).  The 2003 population 
abundance estimate for Kootenai River white sturgeon is 600 fish (Paragamian et al. in press).   

The conservation aquaculture program for white sturgeon in the Kootenai River has greatly 
expanded since 1990, and has: 1) provided frequent year classes of captively-reared progeny 
from wild, native brood stock, 2) preserved within-population genetic diversity, and 3) 
substantially contributed to the developing field of white sturgeon conservation aquaculture 
(Ireland 2000, Ireland et al. 2002a, 2002b; LaPatra et al. 1999). This program is also developing, 
implementing, and evaluating fish health, population biology, and population genetic research 
components.  In 1999, the program expanded to include the use of a “fail-safe” facility in British 
Columbia (expansion of the existing Kootenay Trout Hatchery near Fort Steele, BC to hatch and 
rear white sturgeon) to guard against catastrophic loss due to facility failure at either location.  
Since then, arrangements with the Province of British Columbia have facilitated annual hatching 
and rearing of various progeny groups and have provided an efficient mechanism for increasing 
the number of families available for demographic restoration stocking in the transboundary 
Kootenai system.  
 
Empirical demographic modeling during 2002 revealed the increasingly imperiled status of this 
population.  Modeling suggested 90, 75, and 72% reductions in population abundance, biomass, 



and annually available spawners during the past 22 years (1980-2002), and a current population 
“halving time” of 7.4 years (Paragamian et al. in press). 
 
Without intervention, continued recruitment failure and extinction are certain during the next 30-
50 years (Figure 1).  A more aggressive conservation program is now required to preclude 
extinction while factors limiting or prohibiting natural recruitment are being addressed and 
resolved, in response to: 1) limited or failed natural recruitment since at least the 1960s; 2) the 
need to preclude extinction; and 3) the failure to re-establish natural recruitment during the 1990s 
with limited altered hydrograph experiments (KTOI 2004; Paragamian et al. 2001; USFWS 
1999).   
 
A conservation aquaculture program, no matter how adaptive, cannot replace rehabilitation of 
altered habitat and lost ecological function.  Thus, this program is designed to recognize and 
respond to the demographic bottleneck, and provide a management strategy to minimize 
deleterious demographic and genetic effects during the next several decades while factors 
limiting or prohibiting natural recruitment are being addressed and resolved (KTOI 2004; 
USFWS 1999).   
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Figure 1. Empirically modeled trajectory of Kootenai River white sturgeon with and without 
hatchery intervention.  (Adopted from Paragamian et al. in press) 
 

 



Methods - Methods currently used by this program have evolved considerably during the past 14 
years (Ireland 2000). Initial culture techniques were adapted from those pioneered and developed 
in academia (University of California, Davis), in conjunction with commercial white sturgeon 
farms in California’s Sacramento Valley (Conte et al. 1988).  Program operations have always 
used only wild native, Kootenai River white sturgeon brood stock, captured and released 
annually.  Specific culture guidelines were developed for this program during the early 1990’s, 
and were reported in a breeding plan to protect the wild population’s genetic variability (Kincaid 
1993).  Scientific rationale and operational guidelines from the Kincaid Plan helped guide the 
program during the 1990’s, along with additional guidance from the Kootenai River White 
Sturgeon Recovery Plan (Duke et al. 1999; USFWS 1999). 
  
Broodstock collection and holding – White sturgeon brood stock used in the Kootenai River 
Conservation Aquaculture Program were captured by angling or set lining (in cooperation with 
Idaho Department of Fish and Game). Male and female brood stock were captured from March 
through June in areas containing pre-spawning aggregations of white sturgeon.  Annual 
collection of gravid females from these areas, and subsequent spawning of these fish in the 
hatchery suggested that fish spawning throughout the entire spawning season congregated in the 
same staging areas. Thus, the brood stock sampling regime was designed to incorporate 
spawners from the duration of the spawning run.  Furthermore, the timing of spawning in the 
hatchery likely approximated the range of estimated spawning dates in the wild during most 
years. 
 
 To identify potential brood stock in the field, all captured fish were biopsied to determine sex 
and gonad maturation stage according to criteria reported by Conte et al. (1988).  Each fish 
collected was weighed (kg) and measured (TL, FL), checked for recapture, and if not recaptured, 
marked with an individually coded PIT tag.  Following sex determination and gonad 
development examination, potential brood stock were either transferred to the hatchery by boat 
in a water-filled stretcher or loaded into an oxygenated tank for immediate transfer by truck. 
Upon identification by PIT tag number, male and female brood stock recaptured in the wild 
(previously spawned in the hatchery) were weighed, measured, and immediately released. All 
recaptured male and female brood stock that contributed to surviving progeny groups were 
usually not used as brood stock more than once.   
 
Final gonadal maturation occurred in the Kootenai River White Sturgeon Conservation 
Aquaculture Facility, where potential brood stock were held separately or with one or two other 
fish of the same sex in circular fiberglass tanks (3 m diameter x 1.2 m deep).  An external 
standpipe maintained water level at approximately 1.14 m inside the tank.  Water exchange was 
provided at 10-15 volumes/day and dissolved oxygen was maintained at > 5.0mg/L as 
recommended by Conte et al. (1988).  Brood stock were held in water pumped directly from the 
Kootenai River into the hatchery and fed live juvenile rainbow trout (Oncorhynchus mykiss) 
while in captivity. All wild brood stock spawned in the Kootenai Hatchery were released back 
into the Kootenai River following recovery from spawning. 
 
Spawning and rearing - Breeding matrices and protocols were developed to maximize effective 
population number and minimize chances of future post-stocking inbreeding in the wild in 
subsequent generations (Kincaid 1993).  Biopsied ovarian follicles from all potential female 

 



brood stock held in the hatchery were evaluated to estimate timing of final maturation.  Germinal 
vesicle breakdown (GVDB assay, Conte et al. 1988) and oocyte polarization index (PI, 
VanEenennaam et al. 1996) were examined at least twice with a minimum of 20 eggs from each 
female brood fish prior to spawning.  Selection criteria for female brood stock were > 80% 
GVDB and < 0.10 PI values.  All selected female brood stock received two injections of 
synthetic gonadotropin-releasing hormone LHRHa at a total dose of 0.1mg/kg body weight: an 
initial dose (10%), and a resolving dose (90% of total dose) (Conte et al. 1988).   Males did not 
receive LHRHa injections, with the exception of two males that were experimentally injected 
during 1997.  From 1990 through 1996, all male brood stock were brought to the hatchery, where 
sperm was extracted.  During 1997, and in subsequent years, sperm samples were collected from 
naturally milting males in the field, often up to several days before fertilization, and held in 
oxygenated plastic bags in ice-filled coolers, with oxygen replacement occurring every 12 hours. 
A minimum water-activated motility period of 2 minutes, verified under a dissecting microscope, 
as well as a high ratio of activated to non-activated sperm, were required to designate viable 
sperm samples (Conte et al. 1988). 
 
Prior to 1993, eggs were removed by cesarean surgery (Conte et al. 1988).  During 1993 and all 
subsequent years, eggs were removed by hand stripping to minimize post-spawning stress 
experienced by the brood stock. Use of this hand-stripping technique also enabled earlier release 
of post-spawned brood stock back into the river, and reduced the chance for disease or infection 
during post-surgery recovery, which took up to several months.  Eggs were collected within 48 
hours after injection of the LHRHa resolving dose, after onset of oviposition, characterized by 
several hundred eggs visible on the bottom of the spawning tank.  Eggs were fertilized, 
volumetrically quantified, de-adhered with Fuller’s Earth, and incubated in modified MacDonald 
hatching jars (13 L capacity, round bottom cylinders, 50 cm tall, and 20 cm in diameter; Conte et 
al. 1988).  Each MacDonald jar received 5,000 to 25,000 fertilized eggs.   Upon completion of 
hatching, all fry within a family were transferred to a larger fiberglass rearing tank for grow-out 
(2.1m x 0.56 m x 0.31m deep).  Larval and fingerling densities were maintained below 0.8-1.0 
kg of fish/m3 of water as a precaution against density-dependent, stress-induced disease 
outbreaks (LaPatra et al. 1999).  All families and half-sib families were reared separately until 
release.  Fish held beyond the age of one year were transferred to large circular fiberglass tanks 
(3 - 4.5 m in diameter) and reared in densities below 1.0 kg/m3.   
 
Release - Prior to 1999, all releases of hatchery-reared Kootenai River white sturgeon were 
experimental, to assess growth, survival, and habitat use of juveniles in the wild.  Annual release 
numbers are determined each year by the white sturgeon recovery team based on numbers of 
families, fish available, and the preservation stocking criteria in the breeding plan (Kincaid 
1993).  All released fish were measured, weighed, and redundantly marked prior to release (PIT 
tags, annual scute removal patterns). 

A partnership with the British Columbia Ministry of Fisheries - Fish Culture Section (and now 
the Freshwater Fisheries Society of British Columbia) has provided for a “fail-safe” facility for 
the Kootenai River white sturgeon conservation aquaculture program at the Kootenay Sturgeon 
Hatchery near Fort Steele, B.C. as a back-up measure to minimize the risk of catastrophic loss at 
either facility.  Starting in 1999, approximately 5,000 to 20,000 fertilized, disinfected eggs from 
up to five families were transported by BC staff to the BCMF Kootenay Sturgeon Hatchery in 
Fort Steele, B.C., for incubation, rearing and subsequent release.  The sturgeon produced in 

 



British Columbia contribute to the overall demographic restoration stocking goal for the 
conservation aquaculture program. 
 
A monitoring program was initiated in 1993 to annually recapture hatchery-reared white 
sturgeon juveniles using weighted multifilament gill nets at randomly selected locations on the 
Kootenai River.  Success of hatchery released sturgeon was evaluated based on survival rates, 
growth, and condition factors.   
 
Results - During most years of the program (1990-2004), with the exception of 1994, mature 
wild fish were captured annually, and 128 wild brood stock (40 ♀, 88 ♂) were spawned (Table 
1).   Mean annual egg take per female ranged from approximately 50,000 to just over 141,000 
eggs.  Average annual egg to larval survival rates ranged from 1.8 to 93% and up to 17 families 
(including half-sib families with a shared female parent) were produced annually.   
 
Table 1.  Number of females and males spawned, families produced, total and mean egg take, and average 
egg-larval survival rate for wild white sturgeon and progeny produced for the White Sturgeon 
Conservation Aquaculture Program between 1990-2004.   

Year No. of Females 
Spawned* 

No. of  Males 
Spawned 

No. of 
Families 

Total and Mean 
Egg Take 
(Range) 

Average Egg-Larval 
Survival Rate 

      
1990 1 (1) 1 1 60,000 f 1.8% 
1991 1 (2) 3a 1 68,536 f 20% 
1992 1 (2) 3b 3 141,984 f 16% 
1993 1 (2) 2 2 86,326 g 21% 
1994 0 (0) 0 0c 0 0 
1995 2 (2) 4 4 142,700 h

71,350 
(70,875-71,825) 

28% 

1996 1 (2) 2 2d 61,805 h <1% 
1997 3 (4) 5 6e 201,480 h

67,160 
(39,600-97,080) 

30% 

1998 3 (3) 6 6 216,526 h
72,175 

(60,076-92,450) 

28% 

1999 4 (5) 8 8 277,050 hij 

69,262 
(37,800-105,000) 

63% 

2000 6 (6) 11 11 306,085 hij

51, 014 
(17,100-112,160) 

73% 
 

2001 5 (8) 10 10 293,650 hij

58,730 
(50,740-69,000) 

70% 

2002 3 (6) 9 9 151,300 hij 
50,433 

(34,000-62,000) 

86% 

2003 4 (8) 13 13 245,680 hij 
61,420 

(56,000-74,400) 

93% 

 



2004 5 (13) 11 17 368,900 hij 
73,780 

(60,000-98,000) 

81% 

Total 40 88 93   

 
*(Number of females in hatchery in parentheses) 
 

a: Sperm from 3 males pooled. 
b: Eggs fertilized separately from each male. 
c: No white sturgeon handled, due to ESA listing. 
d: No survivors to age at release; hatching success 1% due to low brood stock (gamete) quality. 
e: No survivors to age at release; hatching success > 80%; larvae died shortly after hatch due to 
equipment/facility failure. 
f:  Eggs taken by caesarian section 
g:  Eggs taken by a combination of hand-stripping and caesarian section 
h:  Eggs taken by hand-stripping 
i:  a portion of the eggs were incubated at the Kootenay Sturgeon Hatchery 
j:  a portion of the eggs were used for research purposes 

 
Approximately 45,788 hatchery-reared juvenile white sturgeon were released into the Kootenai 
River and Kootenay Lake between 1992 and 2004 (Table 2).  Mean total length of fish released 
from the hatcheries ranged from 200.1 to 581 mm total length.  Mean weight of fish at release 
ranged from 33 to 863 grams (Table 2).   
 
Table 2.  Numbers and recapture rates of hatchery produced white sturgeon juveniles (progeny of wild 
brood stock) released into the Kootenai River and Kootenay Lake in Idaho, Montana, and British 
Columbia between 1992 and 2004.  Progeny produced at KTOI and KTH in 2004 are scheduled for 
release in 2005. 

 
Year 
class 

 
Hatchery 
facilitya

 
Release 
number 

Mean total 
length (mm) 

at release 
(S.D.) 

Mean weight 
(g) at release 

(S.D.) 

Release 
season & year 

Percent (#) of 
all recaptures 

1990 KTOI 14 456.9 (53.0) 320.8 (112.3) Sum. 1992 0.55%(10)
1991 KTOI 104 254.7 (17.4) 66.1 (13.2) Sum. 1992 5.65%(103)
1992 KTOI 123 482.6 (113.0) 549.3 (482.9) Fall 1994 5.49%(100)
1995 -- -- -- -- ?b 0.44%(8)
1995 KTOI 1,075 228.5 (27.0) 47.3 (16.6) Sp.1997 21.02%(383)
1995 KTOI 891 343.8 (44.0) 148.1 (64.7) Fall 1997 20.58%(375)
1995 KTOI 96 410.7 (68.2) 288.5 (137.8) Sum.1998 3.02%(55)
1995 KTOI 25 581.5 (40.5) 863.3 (197.9) Sum.1999 0.66%(12)
1998 KTOI 306 261.4 (41.7) 79.5 (44.4) Fall 1999 1.87%(34)
1999 KTOI 828 256.1 (22.2) 70.6 (18.2)
1999 KH 1,358 248.1 (32.9) 67.2 (27.6) Fall 2000 16.19%(295)

1999 KTOI 491 284.3 (54.4) 107.6 (60.1)
1999 KH 1,583 306.5 (40.4) 55.9 (39.5) Sp. 2001 16.24%(296)

2000 KTOI 2,286 244.0 (38.9) 64.2 (31.0)
2000 KH 1,654 240.0 (23.2) 57.7 (16.4) Fall 2001 5.27%(96)

2000 KH 2,209 283.1 (28.7) 99.3 (30.2) Sp. 2002 0.05%(1)
2000 KH 30 365.4 (14.0) 195.3 (19.9) Sum.2002 --(0)

 



2000 KTOI 214 409.4 (53.5) 294.1 (109.8) Fall 2002 0.38%(7)
2000 KTOI 908c 334.2 (36.9) 192.9 (62.7) Win. 2003 0.99%(18)
2001 KTOI 2,672 200.1 (37.9) 33.0 (15.6)
2001 KH 4,469 227.4 (24.2) 51.6 (16.6) Fall 2002 1.37%(25)

2001 KH 1,715 258.2 (52.9) 71.8 (24.2) April 2003 --(0)
2002 KH 5,864 217.7 (37.3) 41.3 (14.2) May 2003 --(0)
2002 KTOI 8,371 215.0 (46.0)       43.1(23.7) Winter 2003 --(0)
2003 KHd 8,502 -- -- May 2004 --(0)

? e  -- -- -- -- 0.22%(4)
Total  45,788 -- -- -- 6.30%(1823)
 
a  Hatchery facility refers to the rearing hatchery: Kootenai Tribal Hatchery in Idaho (KTOI) or 
Kootenay Hatchery in British Columbia (KH). 
b  Year class determined by scute removal; fish had shed PIT or PIT was not matched in database 
to determine stock year. 
c   Ten fish held-over for later upriver release with transmitters. 
d   Approximately 4,000 sturgeon from the 2003 year class will be released this winter in 
Montana from KTOI 
e  These juvenile white sturgeon had no PIT; year class could not be determined by scute 
removals. 
 
Inter-annual variation in survival and production rates was affected by differential gamete 
viability among brood stock and by facility upgrades.  The addition of the Canadian facility and 
Tribal facility improvements were temporally correlated with increased survival and production 
rates and performance measures.  Most performance measures have increased substantially since 
the program began as an experiment in 1990. 
 
Recapture and survival rates of hatchery-reared juvenile white sturgeon following release in the 
Kootenai River exceeded initial expectations. Of 659 white sturgeon juveniles captured between 
1993 and 2000, 620 were hatchery-reared and 39 were wild, confirming very low natural 
recruitment. Average annual post-release juvenile survival rates also exceeded initial 
expectations at approximately 60% within the release year, and 90% during all subsequent years 
(Ireland et al. 2002b). 
 
Discussion – The conservation aquaculture program for the white sturgeon in the Kootenai River 
is currently meeting its objectives of reducing the threat of population extinction by providing 
frequent year-classes from native brood stock and representing inherent within-population 
genetic diversity in its brood stock and progeny.  The program goal and objectives have recently 
been updated to include and reflect the most recent population demographic conditions to ensure 
production of a viable and persistent population.  Production targets for short-term demographic 
restoration of endangered Kootenai River white sturgeon have been increased while factors 
limiting natural production are addressed. 
 
The program goal for the next several decades is to implement and refine a systematic program 
to: 1) preserve locally adapted Kootenai River white sturgeon genotypes, phenotypes, and 
associated life history traits and behaviors, and 2) begin rebuilding and maintaining increased 

 



abundance and a healthy age-class-structure to maximize population viability and persistence.  
An empirical, individual-based demographic and genetic model is being developed to 
parameterize and quantify program goals and objectives.   
 
Occasional failures of annual natural recruitment may be a natural phenomenon in sturgeon 
populations.  However, the absence of natural recruitment during the past 30 years is a 
prescription for imminent population extinction. Until suitable habitat conditions are re-
established in the Kootenai River ecosystem to increase white sturgeon survival past the 
egg/larval stage and restore natural recruitment in the wild white sturgeon population, the 
Kootenai River White Sturgeon Conservation Aquaculture Program, through careful design, 
monitoring, review, and implementation, will continue to protect this unique endangered 
population from extinction. 
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Mortality and Growth of White Sturgeon (Acipenser transmontanus) Fry fed Fish 
Fudge Grown in Tanks with Substrates. 
 
W.R. Bennett*, G. Edmondson, Kent Simpson, Joe Gelley, International Centre for 
Sturgeon Studies, Malaspina University-College, 900 5th St., Nanaimo, B.C  V9G 1C7. 
(*denotes speaker). 
  
Introduction 
Researchers collecting sturgeon in their natural habitats have found yolk sac larvae and 
young of the year (yoy) on a variety of substrates.  From these reports it is unclear which 
substrate sturgeon larvae and fry prefer and survive and grow best on.  It is also unclear 
whether yolk sac larvae and yoy are found over particular substrates because of sampling 
equipment bias or even because the substrates now available to them have been altered by 
man.  McCabe and Tracy (1993) found that freshly fertilized eggs were collected most 
frequently over cobble and boulder substrate while yoy were found mostly over sand but 
admitted that their area of study was composed mostly of sand.  Parsley et al. (1993) also 
found that newly spawned eggs were found primarily on sand, gravel, and bedrock while 
yolk sac larvae were found on sand, gravel, cobble, gravel, cobble, boulder and bedrock 
and yoy were collected over mud and silt, sand, gravel, cobble and hard clay.  While 
Kynard et al. (2000) did not report substrate preference for yolk sac larvae or yoy they 
found juvenile and adult shortnose sturgeon (A. brevirostrum) and Atlantic sturgeon (A. 
oxyrinchus oxyrinchus) were caught primarily over sand.  Gessner (p.com., 2004) found 
that eleutheroembryos (yolk sac larvae) of Atlantic sturgeon (A. oxyrinchus oxyrinchus)  
absorbed their yolk quicker in a bare tank or over sand.  He also found that 
eleutheroembryos that were on gravel absorbed their yolk slower and had a better 
condition factor.   
 
In a previous experiment we determined that white sturgeon (Acipenser transmontanus) 
larvae and fry prefer particular sized substrates.  Newly hatched larvae prefer “pea” 
gravel sized substrates while newly feeding fry “prefer” substrate with an average size of 
¾ inches.  In this experiment we questioned whether sturgeon would optimize survival 
and growth on substrate they seem to “prefer” vs a bare tank.  From a conservation 
culture perspective increasing growth and survivorship would be beneficial to the overall 
objectives of a conservation hatchery.   
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composed mostly of sand.  Parsley et al. (1993) also found that newly spawned eggs were found 
primarily on sand, gravel, and bedrock while yolk sac larvae were found on sand, gravel, cobble, 
gravel, cobble, boulder and bedrock and yoy were collected over mud and silt, sand, gravel, 
cobble and hard clay.  While Kynard et al. (2000) did not report substrate preference for yolk sac 
larvae or yoy they found juvenile and adult shortnose sturgeon (A. brevirostrum) and Atlantic 
sturgeon (A. oxyrinchus oxyrinchus) were caught primarily over sand.  Gessner (p.com., 2004) 
found that eleutheroembryos (yolk sac larvae) of Atlantic sturgeon (A. oxyrinchus oxyrinchus)  
absorbed their yolk quicker in a bare tank or over sand.  He also found that eleutheroembryos that 
were on gravel absorbed their yolk slower and had a better condition factor.   
 
In a previous experiment we determined that white sturgeon (Acipenser transmontanus) larvae 
and fry prefer particular sized substrates.  Newly hatched larvae prefer “pea” gravel sized 
substrates while newly feeding fry “prefer” substrate with an average size of ¾ inches.  In this 
experiment we questioned whether sturgeon would optimize survival and growth on substrate 
they seem to “prefer” vs a bare tank.  From a conservation culture perspective increasing growth 
and survivorship would be beneficial to the overall objectives of a conservation hatchery.   
 
Materials and Methods 
Fry from the summer 2004 spawning of white sturgeon  (A. transmontanus) at Malaspina 
University-College were used throughout this test and were kept in bare tanks.  These fry were 
introduced into the test tanks on August 4, 2004 and had an average weight of 0.17g each.   
 
Five hundred fry were put into the top trays of Combi™ tanks with different sized substrates.  
After allowing for our custom designed larvae and fry exclusion standpipe and screen the trays 
were approximately 1.8m2  in surface area.  The substrate for each tank consisted of the 
following; sand, pea gravel, ¾ gravel and one tank was left bare.  We purchased the crushed 
gravel and sand from a local supplier (Sharecost Rentals Inc.).   
 
We obtained an estimation of overall size for each substrate by measuring the longest axis of  50 
particles of each substrate.  The average size for sand was 512µ, pea gravel 11.9 mm, and for the 
¾ gravel the average size was 21.74mm (see table 1). 
 



The fish were fed “fish fudge” prepared by mixing 37 g of unflavoured Knox™ gelatin and 1,000 
g of Skretting™  starter feed in 1250 ml. of heated distilled water.  After dissolving fish feed and 
gelatin in the heated water it was cooled on waxed paper covering a cookie tray.  The fish were 
fed at 4:00PM each day and any left over food was removed the next day at 8:00AM.  The food 
was placed in petri dish lids sunk into the substrate except in the bare tank where the feed was 
placed directly on the bottom of the tank.  The gravel and sand substrates were siphoned cleaned 
each day before new food was placed in each tank.  The fish were weighed at the start of the test, 
one month later and will be weighed again at the end of the test 3 months later.   
 
 
 Sand Pea Gravel ¾ Gravel 
Mean 511.91 µ 11.9mm 21.74mm 
Standard 
Deviation 

302.75 µ 2.54mm 32.40mm 

Maximum Size 1821.75µ 21.58mm 32.40mm 
Minimum Size 52.52µ 7.95mm 13.74mm 
 
Table 1.  Substrate Size Parameters 
 
Results 
Survivorship in the bare tank (347) was the highest after one month followed by ¾ gravel (323), 
sand (300) and then pea gravel (261). (table 2).  The survivorship in the tank with ¾ gravel was 
similar to the bare tank (p=0.05).   
 
After one month the fish in the bare tank averaged 3.22g, fish grown over ¾ gravel averaged 
2.35g, sand 3.32g and the fish grown over pea gravel averaged 2.90g (table 3).  The growth in the 
tank with sand was similar to the bare tank (p=0.05)     
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Table 2. Number of Survivors After One Month. 
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Table 3.  Fish Growth after 1 Month 
 
Discussion 
It was quite obvious throughout this experiment that the bare tank had the best results but that the 
¾ gravel and sand were close in survivorship and growth respectively.  The number of sturgeon 
that survived in the bare tank was similar to that in the tank with the ¾ gravel but the growth of 
sturgeon grown over sand was more similar to the bare tank than the ¾ gravel.  Pea gravel had 
the poorest results in survivorship and growth.  
 
The fry placed over substrate had to learn to hunt for the food placed in the petri plates within the 
various substrates.  The fry over the substrates that were unsuccessful finding food or were 
incapable of finding food eventually perished.  Given this it would seem that substrate with the 
least amount of variation in topography, or the smoothest substrate would optimize their growth 
and survival.  We see this with the growth results in the bare tank and the growth results over 
sand.  However the survivorship over sand is worse than the ¾ gravel.  This could be explained 
by the fact that it was more difficult to clean the sand tank than the ¾ gravel and we theorize that 
the fish in the sand tank perished because of poorer tank hygiene.  All in all the fish in the bare 
tank grew and survived the best, however fish grown over substrate could match the growth and 
survivorship in the bare tank if a better method to clean the substrate tanks could be devised.  
Good tank hygiene in the tanks with substrate was extremely difficult to maintain without 
damaging fry.  In addition, to avoid disturbing the substrate our water flow was directed around 
the perimeter of the tank.  If the water inflow was more of an upwelling type of inflow substrate 
would be less likely to be disturbed and tank hygiene may be less of a problem.  If these changes 
were made fish grown over substrate might survive and grow as well as fish grown in a bare tank.  
Nonetheless fish grown in a bare tank survived and grew better than fish grown in tanks with 
substrates.  We think, however, that this is due to poorer tank hygiene.  
 
We also observed ,but did not quantify, some interesting behaviour when the fry were introduced 
into the tanks with substrate.  Fry in the general population are kept in bare tanks.  These fry tend 
to stay close to the wall or along the wall of the tank as the spray bar moves the fish fudge along 
the wall first.  As the food is moved around the tank it eventually moves with the water flow 
towards the centre of the tank.  The fry soon learn that those closest to the wall eat first.  When 
placed in the tanks with substrate this behaviour changed to one of continual swimming or 
holding station over the substrate.  Once the food was placed into the substrate their behaviour 



changed to one of staying near the food station with little swimming or holding station over the 
substrate.  We were incapable of devising a feeding system that would surmount this issue and 
still have some quality of tank hygiene.   We also tried introducing pellets to the fry but this only 
exacerbated tank hygiene issues.   
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White Sturgeon Conservation Fish Culture Programs. 

Ron Ek, FFSBC, Kootenay Trout Hatchery, 4522 Fenwick Road, Fort Steele, BC      
V0B 1N0. Tel: (250)429-3214. Email Ron.Ek@gofishbc.com. 

For more than a century, white sturgeon (Acipenser transmontanus)  populations in the 
Upper Columbia and Kootenai Rivers have suffered a serious decline in numbers due to 
numerous environmental impacts and is now on the brink of extinction. 

The Kootenay White Sturgeon Conservation Hatchery was built in 1999 to raise Kootenai 
River sturgeon and was further modified in 2002 to accommodate the Upper Columbia 
Sturgeon Culture Program. The White Sturgeon Hatchery provides adult holding, 
spawning, incubation and rearing facilities. The FFSBC staff continue to expand their 
expertise in white sturgeon conservation and culture, and maintain a close working 
relationship with the Kootenai Tribe of Idaho hatchery staff and sturgeon experts at 
University of California at Davis and other institutions. The FFSBC is actively 
developing expertise in a number of sturgeon culture areas including broodstock capture 
and reconditioning, gamete collection, gamete/egg transport, and juvenile rearing and 
marking. 

Overall, the conservation culture programs for the white sturgeon appear to be a success 
to date.  Meeting wild broodstock goals continues to be a challenge since the inception of 
the programs. However, FFSBC staff have fine-tuned spawning and rearing protocols, 
and hatchery survival rates of spawned offspring are excellent. In 2000, the first 4,300 
cultured juveniles from the Kootenay Sturgeon Hatchery were released into the Kootenai 
River. In the past 4 years a total of 25,000 marked yearlings have been released.  

In 2002, the first cultured juveniles were released into the Upper Columbia River.  
Approximately 9,000 marked yearlings were released at various sites during the summer 
downstream of Hugh Keenleyside dam in the Columbia River and in the lower Kootenai 
River. Similarly, another 12,000 marked yearlings were released in 2003 and again in 
2004. 
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For more than a century, the White sturgeon (Acipenser transmontanus) populations in 
the Upper Columbia and Kootenai Rivers have suffered a serious decline in numbers due 
to numerous environmental impacts and is now on the brink of extinction. 

White sturgeon are North America’s largest and longest-lived freshwater fish, reaching a 
maximum size of six meters (19 feet) and 800 kilograms (1,800 pounds), the white 
sturgeon can live for more than a century. Ancient sturgeon-like fish have existed on the 
planet for 175 million years, surviving ice ages, volcanic eruptions, flooding and mass 
extinction. The causes of the white sturgeon’s decline are not fully understood; however, 
in the last 125 years, human development, construction of hydro electric dams, changes 
in flow patterns, loss of habitat and harvesting in the Columbia  and Kootenai Rivers has 
led to its decline and denotation of “endangered” status by the Committee on the Status 
of Endangered Wildlife in Canada. The population faces a similar situation in 
Washington State. Declining survivals have resulted in all recreational fishing for this 
specific fish population being suspended in both Canada and the US. 

While spawning has been recorded, young sturgeon are seldom found, indicating these 
fish are not reproducing successfully. Today, approximately 1,400 adult white sturgeon 
remain in the upper Columbia River and less than this number remain in the Kootenai 
River.  If we do nothing to help rebuild this population, the white sturgeon will become 
extinct in the upper Columbia within 100 years. 

Given the high likelihood of extinction, and the fact that no significant recruitment has 
been documented for Columbia or Kootenai populations within the past generation, 
immediate action is required to prevent further losses to the population.  The recovery 
initiatives call for conservation fish culture as a tool to aid in the preservation of genetic 
material and rebuilding populations.  To date, the Kootenai and Columbia Recovery 
initiatives have developed special hatchery facilities to accommodate sturgeon recovery.   
The Sturgeon Recovery Initiatives are made up jointly of Federal governments  
( FOC & USFWS ), KTOI and First Nations, Provincial and State governments ( WLAP, 
B.C. Fisheries, IDFG, MFW & P,) B.C. Hydro and Bonneville Power Administration.     
 
 
The FFSBC first gained experience in sturgeon conservation culture through its 
involvement with the Kootenai River White Sturgeon Recovery Plan.  Specifically, a 
partnership was established with the Kootenai Tribe of Idaho for the culture of this trans-
boundary sturgeon population in British Columbia. In 1998, construction of the Kootenay 
White Sturgeon Conservation Hatchery was completed at the Kootenay Trout Hatchery 
complex near Fort Steele.  For the Kootenay white sturgeon program the FFSBC 
receives fertilized sturgeon eggs from the Kootenai Tribe, and young fish are cultured for 



about a year.  They are marked and then released into the Kootenai River in Idaho and 
British Columbia, as well as Kootenay Lake. 
FFSBC involvement in the UCWSRI began in 2000 with a request by WLAP (provincial 
Ministry of Water, Land and Air Protection) to evaluate options for a pilot sturgeon 
culture facility that could begin production in 2001.  FFSBC designed and built the Hill 
Creek Pilot White Sturgeon Conservation Hatchery and the first Upper Columbia white 
sturgeon were spawned at this facility in spring 2001.  The program was run out of this 
facility for two years but difficulties were encountered due to a number of physical 
limitations at the Hill Creek site.  In the spring of 2003 the Upper Columbia program was 
transferred to the Kootenay Trout Hatchery complex where it is operated in conjunction 
with the Kootenay River Sturgeon Conservation Hatchery.   Operating the two sturgeon 
facilities side by side brings a lot of advantages to both programs.  
 
The white sturgeon hatchery provides adult holding, spawning, incubation and rearing 
facilities.  FFSBC staff continues to expand its expertise in conservation culture for white 
sturgeon and maintain a close working relationship with the Kootenai Tribe of Idaho 
hatchery staff and sturgeon experts at University of California at Davis, as well as other 
institutions.  
 
FFSBC White Sturgeon Culture Techniques 
 
The culture of white sturgeon is considerably more complex than for salmonid culture 
programs.  The FFSBC is actively developing expertise in a number of sturgeon culture 
areas including broodstock capture and reconditioning, gamete collection, gamete/egg 
transport, and juvenile rearing and marking. 
 
Broodstock capture and reconditioning - Currently, all eggs and sperm obtained for 
recovery programs in BC are derived from wild adults.  This requires the capture of 
adults annually, and internal inspection of gametes to determine maturity.  Adults are 
captured via angling and or set lines in the river.  They are brought on board for 
inspection.  Immature fish are released immediately, while likely candidates for the 
culture program are returned to the hatchery facility where they are held until they are 
fully mature. For the Kootenai Sturgeon program this adult holding and spawning 
procedure is done at the Kootenai Tribal Hatchery at Bonners Ferry with fertilized eggs 
from 5 Families being transported back to the Kootenay Sturgeon Hatchery for rearing.   
 
Gamete collection – Before any spawning can be conducted in the hatchery facility, 
adults must be fully mature. To check the maturation progress on females a small incision 
is made, a few eggs are removed and examined periodically, the incision is then sutured 
up. Since adults may not necessarily mature in synchrony, the application of hormones is 
used to help induce final maturation, and to help synchronize spawning events where 
possible.  The spawning process involves hand expression of eggs from females and   
sperm is extracted by way of a syringe in males.  The fish are reconditioned in the 
facility, prior to release back to the river.  
 



Juvenile rearing and marking – White sturgeon eggs are incubated in tall cylindrical 
containers keeping families separate until larvae hatch.  At this time each family is 
moved to a separate tank where it is raised until it can be tagged individually.  All 
sturgeon rearing facilities are maintained in quarantined areas, separate from the other 
hatchery facilities. Juvenile sturgeon are raised until they are one year of age currently.  
Pilot studies are being conducted to determine age of release with the highest post-release 
survival rates.  Prior to release, all juveniles are currently scute marked and pit-tagged so 
that they can be individually identified if they are recaptured.  Tagging is extremely 
useful for studies investigating survival, movement, growth and age. 
 
Overall, the conservation culture programs for the white sturgeon appear to be a success 
to date.  Meeting wild broodstock goals continues to be a challenge since the inception of 
the programs. However, FFSBC staff have fine-tuned spawning and rearing protocols, 
and hatchery survival rates of spawned offspring are excellent. In 2000, the first 4,300 
cultured juveniles from the Kootenay Sturgeon Hatchery were released into the Kootenai 
River. In the past 4 years a total of 25,000 marked yearlings have been released into a 
number of locations along the Kootenai River and Kootenay Lake.  
In 2002, the first cultured juveniles were released into the Upper Columbia River. 
Approximately 9,000 marked yearlings were released at various sites during the summer 
downstream of Hugh Keenleyside dam in the Columbia River and in the lower Kootenai 
River.  Similarly, another 12,000 marked yearlings were released in 2003 and again in 
2004. 
 
 
 



Assessment of the risk of white sturgeon (Acipenser transmontanus) to become infected and 
potential carriers of infectious pancreatic necrosis virus (IPNV) 

 
 
Scott E. LaPatra* and Bill D. Shewmaker, Clear Springs Foods, Inc., Research Division, P.O. 
Box 712, Buhl, Idaho 83316 USA. Tel: (208)543-3456 Email: scottl@clearsprings.com 
(*denotes speaker). 
 
Sherry Guest and Bryan Ludwig, Freshwater Fisheries Society of BC, Fish Health Unit, 2080A 
Labieux Rd, Nanaimo, British Columbia, V9T 6J9 Canada. Tel: (250)760-2725. 
 
 
Abstract 
 
Historically the tributary waters feeding into the Kootenai River in Idaho were at one time 
stocked with salmonid fish known to be carriers of infectious pancreatic necrosis virus (IPNV). 
The Kootenai River system is a trans-boundary river system stemming from its headwaters 
located in Canada, through Lake Koocanusa, looping down through Montana and Idaho and 
crossing back into Kootenay Lake, British Columbia (BC).  The broodstock for the Kootenai 
River White Sturgeon Conservation Aquaculture Program are captured in the Kootenai River 
around the Libby Dam area in Idaho and are spawned at the Kootenai Tribal Hatchery.  As part 
of the recovery conservation initiative, a portion of iodophore disinfected fertilized eggs are 
transported up across the border to be reared in the Freshwater Fisheries Society of BC’s 
Kootenay Sturgeon Conservation Hatchery. Since the original proposal was to bring white 
sturgeon (Acipenser tranmontanus) eggs across the border into BC and the adult white sturgeon 
came from an area that had been historically stocked with IPNV carrier fish the Introductions 
and Transfers Committee (ITC) assessed it as a moderate to high risk for the introduction of 
IPNV and imposed strict quarantine guidelines and an intensive fish health monitoring program.  
The ITC is a group of representatives from all governing bodies with an interest in fish 
movements entering, leaving and within BC. The committee is responsible for approving all 
permits related to fish movements within BC and also to assess all risks and mandate any 
quarantine measures to any species of fish being introduced into BC waters. Quarantine 
measures in this case included two groups of sentinel salmonid fish reared in the effluent of the 
white sturgeon, disinfection of the effluent by ozonation, and intensive sampling of individual 
white sturgeon family groups through virology and histology during the first 120 days of rearing.   
 
There is little scientific information available to assess whether white sturgeon can become 
infected and potential carriers of IPNV. To assess this risk experimentally, duplicate groups of 
25-juvenile Snake River white sturgeon (mean weight, 5 g; 12 weeks old) were waterborne 
exposed to about 104 virus particles per mL of water for 1 hour and an additional group was 
injected intraperitoneally with about 105 virus particles per fish. A negative control group was 
handled similarly but not exposed to virus. No morbidity or mortality was detected in any of the 
treatment groups or the negative control. At 34 days post-exposure to IPNV, virus reisolation 
was attempted on five fish from each group and an additional five fish from each group were 
examined for histological changes consistent with an IPNV infection. The results of these 



analyses and the assessment of the risk of white sturgeon to become infected and potential 
carriers of IPNV will be discussed.  



Persistence of Infectious Hematopoietic Necrosis Virus (IHNV) in Adult Steelhead 
Carcasses in Southwestern Washington 
 
 
Lawrence B. Durham*,WA Dept. of Fish & Wildlife, 122 Schwarz Way, Chehalis, WA 
98532.  Ph. 360-785-2875. Email durhalbd@dfw.wa.gov (* denotes speaker). 
 
Joan B. Thomas, WA Dept. of Fish & Wildlife, 600 Capitol Way North, Olympia, WA 
98501. Ph. 360-902-2667. Email thomajbt@dfw.wa.gov .  
 
 
Abstract: In February 2004 thirty surplus adult winter run steelhead (Oncorhynchus 
mykiss) were sacrificed and the kidney tissue sampled for IHNV at the time of death, at 
24 and 72 hours, and at 8 and 14 days after death using standardized sampling 
methodologies. After the initial samples were taken the carcasses were held in a large 
broodstock raceway that received untreated river water at the Skamania Steelhead 
Hatchery near Washougal, Washington.  Twenty-nine fish tested positive for IHNV at the 
time of death, and two remained positive 8 days after death. No virus was detected in the 
samples taken on day 14.  The results indicate that steelhead should be avoided for use in 
nutrient enhancement efforts in areas where IHNV is endemic, unless attempts are made 
to reduce or inactivate the virus they carry 
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Abstract: 
 
In February 2004 thirty surplus adult winter run steelhead (Oncorhynchus mykiss) were 
sacrificed and the kidney tissue sampled for IHNV at the time of death, at 24 and 72 
hours, and at 8 and 14 days after death using standardized sampling methodologies. After 
the initial samples were taken the carcasses were held in a large broodstock raceway that 
received untreated river water at the Skamania Steelhead Hatchery near Washougal, 
Washington.  Twenty-nine fish tested positive for IHNV at the time of death, and two 
remained positive 8 days after death. No virus was detected in the samples taken on day 
14.  The results indicate that steelhead should be avoided for use in nutrient enhancement 
efforts in areas where IHNV is endemic, unless attempts are made to reduce or inactivate 
the virus they carry. 
 
Introduction 
 
Infectious hematopoietic necrosis virus (IHNV) is commonly isolated from adult 
steelhead sampled during spawning at Lower Columbia River hatcheries. The prevalence 
of IHNV in winter steelhead adults during the past 3 years has been very high when 
compared to the latter half of the 1990’s.   
 
During the past decade, nutrient enhancement using salmonid carcasses has been 
implemented in Washington to benefit feral salmonid stocks.  Steelhead have also been 
used for nutrient enhancement purposes.  
 
There is very little existing data that demonstrates how long fish pathogens can persist in 
adult carcasses.  The persistence of certain pathogens in carcasses may have an impact on 
both wild and hatchery fish.  The effort of this study was to collect some basic data on 
IHNV persistence in adult carcasses held in a controlled, yet natural environment. 
 
 
Methods 
 
Thirty adult winter run steelhead were sacrificed, sampled for IHNV, and placed into a 
broodstock raceway at the Skamania Hatchery located on the North Fork of the 
Washougal River, Skamania County, Washington, USA.  There were 6 females and 24 



males. Fish were numbered with jaw tags for identification purposes.  They were sampled 
for IHNV at the following intervals: 0 (time of death), 24 and 72 hours, and at 8 and 14 
days.  Sampling began on February 9 and ended on February 23, 2004. Hind kidney 
tissue was sampled at each interval, and the sample site proceeded from the posterior end 
towards the head kidney on each subsequent sample. Utensils were disinfected in bleach 
after each sample was collected. Samples were collected at the hatchery, chilled, and they 
arrived at the virology lab the following morning. Kidneys were homogenized with 
MEM-0, the supernatant further diluted with an antimycotic and antibiotics, and then 
filtered and inoculated onto CHSE-214 and EPC cell lines.  Incubation was at 15°C for 
14 days. Standard viral testing procedures were used as described in the AFS Bluebook 
(Amos, 1985). Titer levels were measured in plaque forming units per gram (PFU/g) of 
tissue. 
 
The brood raceway used in this study measured 12 by 130 by 6 feet deep and had a flow 
of 2,800 gallons per minute of river water.  Water temperature ranged from 41 to 44.5° F 
during the sampling period. Carcasses were placed on a wooden rack that was about 3 
feet off of the raceway bottom.  They were placed in 3 rows of 10 fish, and were 
approximately 6 inches from each other. Water levels were lowered prior to sampling to 
facilitate tissue collection.     
 
 
Results 
 
Initial data showed that 29 of the 30 adults were positive at the time they were sacrificed, 
however, the one carcass in which no virus was detected from the first sample was 
positive in the second sample. After 72 hours the number of positive adults had declined 
to 20.  Two fish remained positive after 8 days, and no virus was detected after 14 days.  
Virus titer data in most carcasses showed a steady decline of virus and many had no 
detectable virus present after 3 days. There were a few carcasses that had apparent gains 
in the number of plaque forming units per gram of kidney.  Samples in which no virus 
was detected are listed as zero, but the minimum level of detection was actually 200 
PFU/ml. 
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Abstract 
 
Lahonton National Fish Hatchery is tasked with the recovery and restoration of the 
threatened Lahonton Cutthroat trout in the Great Basin Region of Nevada. Recent disease 
outbreaks of Furunculosis and Ich (Ichthyophtirius multifilis) have prevented the 
hatchery from reaching their production goals. The outbreak of disease has coincided 
with the use of the hatchery’s’ partial re-use filtration system indicating that the disease 
organisms were well established despite repeated chlorine treatments. In the summer of 
2003, two Water Management Technologies (WMT) IMF ultraviolet (UV) sterilizers 
were incorporated into the re-use system for the control of pathogenic organisms. Each 
UV system was designed for a process flow rate of 5,000 gpm (315 lps) with a nominal 
UV dose rate of 35,000 uw-sec/cm2 at a transmissibilty of 87.5%. An IMF UV unit was 
placed in the process flow upstream and downstream of the gravity bed filter used for 
solids control and bio-filtration. A third UV unit was installed on the new water system. 
 
Subsequently the re-use system was activated onto the production tanks and the fall 2003 
production run commenced. Through the fall production run no outbreaks of disease 
occurred and monthly biomass production significantly increased (3,545 lbs to 7,612 lbs). 
The hatchery was able to run the re-use system throughout the entire production run and 
production costs associated with disease control decreased. A 71% decrease in formalin 
costs ($0.174/lb to $0.050lb) was realized as well as a 65% reduction in new fresh water 
costs ($3.77/lb to $1.30lb) and a 26% reduction in new fresh water consumption (73.5 
MG to 54.3 MG). Utilization of the UV systems has provided several secondary benefits 
such as obtaining disease free status which allows the hatchery to send fish to other 
hatcheries and the ability to hold broodstock on re-circulated water, increasing egg 
production capacity. 
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Introduction 
Lahonton National Fish Hatchery is tasked with the recovery and restoration of the threatened 
Lahonton Cutthroat trout in the Great Basin Region of Nevada. Recent disease outbreaks of 
Furunculosis and Ich (Ichthyophtirius multifilis) have prevented the hatchery from reaching their 
annual production goals of 70,000 lbs. Stocking includes 3”, 6” & 10” fish. 

 200,000 – 10” fish 
 100,000 – 6” fish 
 500,000 – 3” fish 

At present, a new comprehensive brood-stock plan is being developed to increase production and 
the hatchery has now changed to produce the pilot-peak strain.  New Egg Production Goals are 
as follows: 

 3 – 4,000,000 million eggs annually.   
 1,000,000 for internal use at the hatchery 
 2 - 3,000,000 million eggs for external hatchery or streamside incubation. 

 
Lahonton NFH operates as a partial re-use facility that re-circulates up to 80% of its water. 
Normal operations run 3,500 gpm re-use water and 850 gpm of new water.  The designed 
carrying capacity of the hatchery is 50,000 lbs.  New water is supplied via four production wells 
that are located ≈1 mile from the hatchery.  Maximum new water intake is rated at 2,000 gpm.  A 
re-use pump station is capable of 6,000 gpm of process flow.  This re-use system is comprised of 
a pump station, 6 bay gravity filter and a water splash box.  The hatchery utilizes 36 production 
raceways that are 8’ x 80’ 2.5’. 
 
Disease 
Ich (Ichthyophthirius multifilis) and Furunculosis (Aeromonas salmonicidia) are the two main 
pathogenic agents causing decreased production at the facility.  The outbreak of disease has 
coincided with the use of the hatchery’s’ partial re-use filtration system indicating that the 
disease organisms were well established despite repeated chlorine treatments. Disease outbreaks 
were managed with repeated formalin treatments and suspending use of the re-use system. 
Discontinuation of the re-use system had several negative impacts including the requirement to 



run all the new water wells and decreased the carrying capacity of the system resulting in early 
stocking. 
 
UV Design 
Two UV systems were evaluated for their ability to meet the requirements of the project. 

 UV dose  
 Space  
 Headloss 
 Capital Cost 
 Operational / Maintenance costs 

System 1 – Multiple enclosed “barrel” style UV units with enclosed conduit piping. 
System 2 – Open channel UV contactors with inlet and outlet channels (IMF system). 
USF&W specified low pressure high output lamp systems to reduce replacement lamp costs and 
frequency and to limit heat gain from medium pressure systems. 
 

System Comparison 
Parameter System 1 System 2 

UV dose rate 30,000 uw-sec 
 

35,000 uw-sec 

# lamps 
 

50 (10 lamps x 5) 
 

42 (21 lamps x 2) 
 

Footprint 
 

21’ x 24’ 
 

13’ x 14’ 
 

Headloss 
 

12.5” (25” total) 
 

2.5” (5” total) 
 

Full Capital Costs 
 

$71,690.00* 
 

$50,075.00 per sys 
 

Direct UV Costs 
 

$55,127.00 
 

$41,553.00 
 

Op/Maintenance costs 
 

$10,074/ 
 

$8,059/$3,823 
 

* - capital cost did not include 24” plumbing requirements. This would add additional costs. 
 
System 2 or the Open channel UV system was chosen for the following reasons: 
 

 Reduced Capital Cost ( 30% reduction) 
 Increased UV dose 
 Reduced Footprint (64% reduction) 
 Smaller building requirement 
 No requirement to physically control and equilibrate flow to individual 
units (valving). 
 Centralized Control Panels 

 
Is UV the Answer 
In the summer of 2003 two (2) Water Management Technologies (WMT) IMF ultraviolet (UV) 
sterilizers were installed and intergrated into the re-use system for the control of pathogenic 



organisms; specifically Ich and Furunculosis. Each UV system was designed for a process flow 
rate of 5,000 gpm (315 lps) with a nominal UV dose rate of 35,000 uw-sec/cm2 at a 
transmissibilty of 87.5%. An IMF UV unit was placed in the process flow upstream and 
downstream of the gravity bed filter used for solids control and bio-filtration. A third UV unit 
was installed on the new water system. 
 
After installation, the entire re-use system was chlorinated as per the normal operating procedure 
and allowed to continually circulate through the UV systems for a period of two weeks. 
Subsequently the re-use system was activated onto the production tanks and the fall 2003 
production run commenced.  
 
Results 
Through the fall production run no outbreaks of disease occurred and monthly biomass 
production significantly increased (3,545 lbs to 7,612 lbs). The hatchery was able to run the re-
use system throughout the entire production run and production costs associated with disease 
control decreased. A 71% decrease in formalin costs ($0.174/lb to $0.050lb) was realized as well 
as a 65% reduction in new fresh water costs ($3.77/lb to $1.30lb) and a 26% reduction in new 
fresh water consumption (73.5 MG to 54.3 MG). Utilization of the UV systems has provided 
several secondary benefits such as obtaining disease free status which allows the hatchery to 
send fish to tribal hatcheries.  Additional benefits include the ability to hold brood-stock on re-
circulated water, increasing egg production capacity.  Following is a production comparison 
before and after the installation of the UV systems. 
 

Production Comparison 
 March 2003 

 
Nov 2003 

 
% change 

 
Weight Prod. (lbs) 
 

3545 
 

7612 
 

+ 114% 
 

Formalin /month 
 

2 
 

0.5 
 

 

Formalin/ treatment 
 

48.6 
 

118.8* 
 

 

Formalin cost (per lb) 
 

$0.174/lb 
 

$0.050/lb 
 

- 71% 
 

Fresh Water Used (MG) 
 

73.5 
 

54.3 
 

- 26% 
 

Fresh Water Cost (per lb) 
 

$3.77/lb 
 

$1.30/lb 
 

- 65.5% 
 

* Formalin per treatment increased due to greater amount of culture tanks being used. 
 
Secondary Benefits 

1. Lahonton NFH is now certified as a Disease Free Hatchery (DFH).  DFH certification 
allows Walker Lake stocked fish to be acclimatized at the local tribal hatchery. Prior to 
attaining DFH, the tribal hatchery would not accept fish from Lahonton NFH if they had 
been diagnosed with Ich or Furunculosis.  Further, acclimatizing at the local tribal 



hatchery significantly increases survival of stocked fish.  Records indicate 80% survival 
of acclimatized fish versus 0% survival of un-acclimatized fish. 

 
2. Another benefit from UV is the maintenance of Broodstock on re-use water.  Previously 

broodfish were held in the dedicated broodstock system and run on new water. The 
broodstock system severely limited the amount of fish that could be held on the station.  
Introduction of the UV system has allowed the hatchery to hold broodfish in the raceway 
system; significantly increasing the numbers of broodfish at the hatchery.  

 
3. Increased egg production capacity has led to greater involvement in the restoration 

process for Cutthroat trout in the wild. 
 

4. Involvement in this program has led to increased budgeting priority for the hatchery 
within USF&W. 

 
To date, installation of the UV system has resolved the production constraints at the facility. 
The first production run on UV enhanced re-use system yielded significant advantages in 
both fish production and economic gains.  Presently the hatchery is on its second production 
run. No disease outbreaks have occurred and no formalin treatments have been required. 
Subsequent production runs will indicate if long term use continues to yield the same positive 
results. 
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Abstract 
Bacterial diseases remain a major problem in aquaculture and account for significant 
losses of fish.  Although the importance of environmental conditions and the value of 
effective vaccines, where available, are acknowledged, antimicrobial therapy presently 
has an important role to play in aquaculture.  Florfenicol has great potential for treatment 
of infectious diseases and because of its human food safety and high potency, it could 
become an important drug in veterinary medicine, with special value in food animals.  
The efficacy of 10 mg florfenicol / kg of fish / day for 10 days against furunculosis in 
Atlantic salmon has been demonstrated in several studies.  In addition, florfenicol has 
been shown to be effective in controlling mortality in a number of fish species caused by 
various pathogens.  It is apparent that florfenicol is a potential broad-spectrum antibiotic, 
and as a result, Schering-Plough Animal Health Corp. (SPAH; Union, NJ) is actively 
working towards a U.S. approval for use of AquaflorTM (50% active florfenicol) to 
control mortality in a variety of fish species caused by pathogens susceptible to 
florfenicol.  The sponsor has completed technical sections for product chemistry, human 
food safety, and environmental safety, and target animal safety for salmonids and channel 
catfish.  SPAH, the USFWS’s AADAP research staff, and researchers at Mississippi 
State University have completed or nearly completed efficacy technical sections for use 
of florfenicol for the following claims: control of mortality in all freshwater-reared 
salmonids caused by furunculosis, bacterial coldwater disease, and columnaris; control of 
mortality in channel catfish caused by Enteric Septicemia; and control of mortality in 
tilapia and hybrid striped bass caused by Streptococcus iniae.  This presentation will 
summarize efforts by SPAH, USFWS, and other cooperators in trying to gain an initial 
approval for use of florfenicol in the U.S. 
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ABSTRACT: 

The ability to lower mortality to bacterial coldwater disease in yearling coho 
salmon was evaluated by attempting to increase the ability of fish to respond to the stress 
associated with these outbreaks, through dietary enhancement of their immune response 
and nutritional status, via the additive Proactive. Seven raceways groups of 73,000 fish, 
provided 4 treatment and 3 control groups. Mortality in the treatment groups over 2 
combined years was half of the mortality in the control groups, though mortality in all 
groups were several fold lower than much higher mortality levels of years prior, which 
lead to this investigation.  
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Introduction 
 
The Washougal Salmon Hatchery is located in Skamania County in southwestern 
Washington, USA.  The facility is funded by the Mitchell Act, and rears fall Chinook and 
type N Coho salmon for the enhancement of natural fish stocks.  Wild chum salmon are 
also reared at this facility.  This hatchery has experienced chronic mid winter outbreaks 
of Bacterial Cold Water Disease (CWD).  CWD is caused by a Gram negative elongated 
bacillus with gliding motility.  Typically they are 0.3 to 0.5 X 2.0 to 7.0 microns in size.  
The current taxonomic name for the causative organism of CWD is Flavobacterium 
psychrophilus. Other common names for the disease caused by this organism are low 
temperature disease, peduncle disease, and tail rot (Inglis, et al., 1994).  F. psychropilus 
can infect all salmonid species, but most commonly causes mortality in young steelhead 
and coho salmon in southwestern Washington hatcheries.  The pathogen has been 
detected inside eggs, in ovarian fluid, in most water supplies, and in the sediment above 
and below hatcheries.  Common treatments involve the use of antibiotics administered 
via fish pills under veterinary prescription.  In larger fish, this can be cost prohibitive.  
Treating a rearing pond with over 100,000 pounds of fish with an antibiotic can cost well 
over $10,000 U.S. dollars. 
 
At the Washougal Hatchery, juvenile coho commonly have two outbreaks of CWD 
during their rearing cycle. The first generally occurs during the first 2 to 3 months of 
rearing, and the second can happen in yearling fish from February through April when 
they range from 23 to 17 fish per pound (20 to 26 grams).  Outbreaks in yearling fish may 
be attributed to high flow indexes, but there is no clear cause when comparing years with 
no outbreaks to years with more severe outbreaks.  Generally, the outbreak in yearling 
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fish has been in a large earthen rearing pond (number 27), but there have also been 
episodes of CWD in yearling fish held in concrete production raceways.   
 
Mortality data of yearling fish were examined for several years and found to be highest in 
the winter and spring of 2002.  During this outbreak, the fish received no treatments due 
to concerns of cost, labor, and efficacy of antibiotics. In 2002, daily mortality increased 
from 150 per day (0.0001 %) in February, to over 10,000 per day (0.04 %) in mid April.   
 
In an effort to seek an alternative means of reducing mortality from CWD at Washougal, 
a feed containing Proactive, marketed by the Skretting company, was tried.   The 
proprietary formulation of Proactive includes the addition of MacroGard (the trade name 
for a series of beta-1,3/1,6-glucans), and is enhanced with vitamin C, E, Selenium, and 
Nucleotides.  It is intended to enhance the immune response and nutritional status of 
salmonids as an optional addition to their regular diet.  Its basis of action is to better 
prepare the natural stress response of fish before they become stressed.  The preparation 
includes priming the secondary immune system into an aggressive and higher state of 
readiness, and elevating the nutritional status to meet the increased physiological demand 
that stress imparts. 
 
A trial was designed at Washougal based on utilizing seven production raceways and the 
large earthen pond.  The raceways provided replicates and controls, and the earthen pond 
was included as an index to compare mortality from CWD to other years at this site. 
 
Methods 
 
Data for this investigation was collected in 2003 and 2004.  In 2003, both treatment and 
controls were fed Clark’s fry as their only food source.  Three raceways remained as 
controls and were not given Proactive.  Two raceways received proactive continuously, 
and 2 other raceways and the large earthen rearing pond received Proactive on an 
intermittent basis.  The intermittent feeding strategy consisted of feeding Proactive for 2 
weeks, followed by a 4-week period of regular feed.  Proactive was then fed for 2 more 
weeks, followed by another 4 week period of normal feed. 
 
In 2004, 4 raceways and the large earthen rearing pond received Proactive continuously, 
and 3 raceways remained as controls.  The intermittent feeding regime was not conducted 
in the second year.  Clark’s Fry diet was used as the sole source of feed during this year 
as well.   
 
Proactive was first administered on February 1st in both years of this study. This is 
approximately 2 weeks prior to the typical outbreak of CWD. Skretting, based on 
information given to them about the product, recommended the intermittent feeding 
strategy used in 2003.  It was not used in 2004 because no apparent bad effects were seen 
with the constant feeding of Proactive in 2003. 
 
Fish used in this investigation were type N coho, Washougal stock, and they were 
yearling fish in both years of the study.  Raceways used in the comparison were 17.5 
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X3.5 X 135 feet, with an average flow of 320 gallons per minute of water.  The large 
acclimation pond is approximately 30 feet wide, and 200 yards long with an average 
depth of 5 feet.  The flow ranged from 6,000 to 10,000 gpm.  Loading levels in raceways 
had flow indexes up to 2.48 and density indexes up to 0.10.  Loading levels in the earthen 
rearing pond had flow indexes up to 3.97 and density indexes as high as 0.14.  
Calculations for loadings are from Piper, et al., 1983.  
 
Daily records were kept of mortalities. Growth records were updated twice monthly via 
weight sampling. Length frequency measurements were measured at release. Coefficients 
of Variation (CV) in length (CV =(Standard Deviation in Length / Mean Length) x 100) 
were computed to monitor the success of satiation feeding practices, and providing an 
environment for even growth and less competition. 
 
Results  
 
Mortality data are shown in Figures1 and 2.  Figure 1 shows mortality for rearing pond 
27. Total loss in 2003 was higher in this pond than in all of the other years shown.  This 
pond received florfenicol (15 mg/kg for 10 days) in fish pills in mid February, with 
apparent reduction in mortality.  However, in mid March the loss increased significantly 
due to CWD.  No additional treatments were made.  There is no accurate way to compare 

this pond with the production raceways, but when comparing this pond with other years 
of morality data, it shows less promise for the use of Proactive using the intermittent 
feeding strategy.  There are too many variables however, to make a real conclusion from 
this data. 

Figure 1. Accumulative mortality data compared to data for 2001 through 2004 for the large earthen 
pond (pond 27) for Washougal Coho. 
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Figure 2 shows total cumulative mortality in all treatments and controls over the two-year 
study.  The dashed lines indicate mortality for 2003, and the solid lines show the 
mortality curves for 2004.  The mortality data in 2003 suggest that Proactive had a 
beneficial effect on survival in both the intermittent and continuous feeding groups in 
production raceways.  The continuously fed group had a total mortality of 0.52%, and the 
intermittently fed raceways had a cumulative mortality of 0.47%. The control raceways 
had a total mortality of 0.91% for the 88-day trial.  
 
In 2004, there was no apparent effect of Proactive on mortality, as shown in Figure 2.  
However, the overall loss from CWD in 2004 was very low, and it is difficult to compare 
a treatment when there is no outbreak of disease.   
 

Fish growth during the trial was higher in 2003 than in 2004 (Table 1).  In 2003, they 
gained an average of 10 grams during the trial, while in 2004 they gained an average of 5 
grams.  Size variability was typical for hatchery coho in this region with an average 
coefficient of variation of 4.86 in 2003 and 6.23 in 2004. 

Figure 2. Shows the accumulative percent mortality for Washougal Coho. Year 2003 is show with 
dashed lines. Year 2004 is shown with solid lines. Pa = Clark's Fry Proactive. Control = Clark's Fry.
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In the first year of the trial (2003), continuous feeding versus intermittent feeding of 
Proactive was compared. All treatment raceways showed similar mortality levels. A 
decision was made the second year to use continuous feeding of Proactive, because 
negative effects were absent, and it was easier to manage a continuous feeding regime 
instead of an intermittent one. 
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Discussion 
 
Mortality from CWD in all trial groups in both 2003 and 2004 was lower than in 2002, a 
year when no treatments were administered.  Proactive appears to have improved 
mortality levels among raceway treatment groups in 2003, but not in 2004.  Survival was 
high in untreated fish in 2004 and it may have been attributed to other factors than the 
Proactive.  In 2004, fish grew more slowly, and water flows were increased during the 
last month of rearing.  Production facilities often have to manipulate several variables 
during a rearing cycle in order to improve survival, as they can’t afford the luxury of 
studying the effect of changing one variable at a time to see which is the most beneficial.  

It should also be stated that fish in 2003 were fed florfenicol in fish pills under veterinary 
prescription and no antibiotic treatments were made in 2004 during the use of Proactive. 

Table 1. Growth and Mortality Data for 2003 and 2004. 

Begin g/fish End g/fish Gain g/fish

% 
Accumulative 

Mortality

 Average 
Mortality / 

Unit 

Average
Mortality 
Day / Uni

PA 2+4 > 2003 ; 2 replicates 16.9            27.1            10.2            0.47% 345             3.              
PA Only > 2003; 2 replicates 17.5            27.4            9.9              0.52% 380             4.              
Controls > 2003: 3 replicates 16.3            26.8            10.5            0.91% 667             7.              
Pond 27  >  2003 18.9            22.1            3.2              7.22% 198,700      3,54          
PA Only > 2004; 4 replicates 19.6            24.1            4.5              0.15% 108             1.              
Controls > 2004; 3 replicates 17.1            23.4            6.3              0.17% 123             1.              
Pond 27 > 2004 17.2            22.1            4.9              1.39% 35,832        62             
PA Ponds > 2003-2004 18.3            25.6            7.3              0.38% 182             3.              
Controls > 2003-2004 16.7            25.0            8.3              0.54% 395 4.              
Pond 27 > 2003-2004 18.0            22.1            4.1              4.30% 2,570          1,28          

Key: PA = Clark’s Fry Proactive diet. Control = Clark’s Fry diet. 2+4 = Intermittent 
feeding 2 weeks on PA, followed by 4 weeks on Control, followed by 2 weeks on 
PA. Only = Continuous PA.  

 
The results in 2004 illustrate how the benefits of Proactive supplementation may only be 
observable in cases where elevated stress causes mortality.  The mechanism of Proactive 
is generally understood, and its practical application is to reduce the impact of stress on 
an organism.  If there isn’t a sufficient stressor placed on an individual or a population, 
then no effect will be observed in fish given Proactive. 
 
This trial provided useful information on the ability of Proactive to reduce mortality 
caused by CWD.  It was also a good opportunity to evaluate new technology on a 
production scale, under a “real world” performance management imperative.  Trials using 
Proactive will most likely continue at this hatchery and others in order to gather 
important data on the effects of enhanced stress reduction on fish. 
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Abstract 
Over the past 3 years the Freshwater Fisheries Society of BC, Fish Health Unit has been 
observing an increase in the number of diagnostic cases they have been receiving from 
their hatchery facilities.  Cases have predominantly increased in two age classes or size 
ranges of fish.  The first is the 2 week post pond fish age class and the second is in the 
under yearling fry at size ranges 10 -12 grams.  In both cases the pathogen observed is a 
medium length, moderately slender, gram negative rod, often observed occurring as 
singles or pairs.  It cultures readily on Shieh’s medium and on TYES medium, producing 
semi translucent, yellow pigmented colonies which are glossy and appear to have motility 
ability. We have identified the bacteria we are dealing with as possibly Flavobacterium 
psychrophilum.   
Historically in our facilities any isolation of yellow pigmented bacterium on Shieh’s 
media has been diagnosed under the common name ‘myxobacteria’ however the increase 
observed this year has prompted us to delve a little further into causative or contributing 
problems or possible sources of a reservoir of bacteria build up.  
In order to address these issues the Society combined the efforts of Fish Culture Staff 
(FCS), the Biological Support and Evaluation Unit (BSEU) and the Fish Health Unit 
(FHU) to devise a management strategy to identify a reservoir, handling method or 
environmental contributor which may singly or in combination be contributing to the 
problem. 
This fall/winter season Fish Health and Fish Culture staff will be conducting a study to; 

Determine through the culture of ovarian fluids on Shieh’s media if broodstock of a 
particular stock of Rainbows is a possible reservoir of the bacterium. 
Determine if bacterium can be isolated internally from eggs, indicating vertical 
transmission. 
Confirm through PCR if bacterium isolated from various facilities, in both forms is 
Flavobacterium psychrophilum. 
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Introduction 
 
Over the past 3 years the Freshwater Fisheries Society of BC, Fish Health Unit has been 
observing an increase in the number of diagnostic cases they have been receiving from 
their hatchery facilities.  Cases have predominantly increased in two age classes or size 
ranges of fish.  The first is the 2 week post pond fish age class and the second is in the 
under yearling fry at size ranges 10 -12 grams.  In both cases the pathogen observed is a 
medium length, moderately slender, gram negative rod, often observed occurring as 
singles or pairs.  It cultures readily on Shieh’s medium and on TYES medium, producing 
semi translucent, yellow pigmented colonies which are glossy and appear to have motility 
ability. 
 
Although microscopically and morphologically appearing the same the pathogen 
expresses itself quite differently depending on the size range of the fish.  In two weeks 
post pond fish, the pathogen is typically expressed as “black tail” where the body of the 
fish darkens posterior from the dorsal fin back to the tail.  The bacteria is observed quite 
readily through skin wet mounts and skin Gram smears often expressing a typical 
‘haystack ‘ formation often associated with ‘cold water disease’ or ‘rainbow trout fry 
syndrome’.  In these cases the bacteria is also isolated from the kidney on Shieh’s media 
forming the distinct ‘yellow pigmented colonies’ as described above indicating the 
infection has progressed systemically in a very short period of time.  However in the 
larger 10-12 gram fish growth and spread of the infection is much slower and the 
bacterium appear to express differently.  These fish are observed to have typically a 
single subcutaneous lesion or boil, usually occurring along the mid body, mid way 
between the dorsal fin and lateral line.  These lesions can reach sizes up to 1.0 cm high 
and 0.5 cm wide.  If ruptured they often expose inner tissue down to the spine and body 
cavity.  In the unruptured state the lesion or boil resembles that of a furncule often seen 
associated with the fish disease Furunculosis caused by the pathogen Aeromonas 
salmonicida .  If ruptured the boil or lesion contain blood and a clear pus-like fluid which 
if plated onto Sheih’s media produces heavy growths of the yellow pigmented colonies as 
described above.  Fluid from the lesions Gram stained on a slide is seen to contain heavy 



numbers of the Gram negative, rod shaped bacteria as described above.  In a fish 
suffering from this affliction, bacteria can also be observed systemically from the kidney 
through smears and plating, although plating from kidney can take up to 7 days before 
growth occurs.  Bacteria can also be cultured quite readily from the spleen or observed by 
doing Gram stains on spleen imprints.  Fish are generally off feed or appear to be going 
off feed.  Fish culturists report that lesions at first are hard to spot and fish behavior 
initially seems normal.  The infection can often be well established systemically in the 
pond population before an increase in mortality is observed.  It was noted this past spring 
that if not treated quickly with appropriate medicated feed an infection can become 
difficult to manage. 
 
One facility appeared to be most heavily affected by this form of bacteria and in 
particular one stock seemed most susceptible to the infection.  However the lesion form 
has been observed at another of our facilities in more minor incidences.   
 
The ‘cold water disease’ form primarily occurs at one of our inland facilities although it 
too has occurred at some of the other facilities. 
 
Historically in our facilities any isolation of yellow pigmented bacterium on Shieh’s 
media has been diagnosed under the common name ‘myxobacteria’ however the increase 
observed this year has prompted us to delve a little further into causative or contributing 
problems or possible sources of a reservoir of bacteria build up.  Personal communication 
with the provincial Fish Health Lab in Alberta identified the bacteria we are dealing with 
as possibly Flavobacterium psychrophilum.   
 
Review of the literature identified several key areas which we wanted to address as 
possible management areas: 
 

1) The bacteria is capable of surviving traditional egg disinfection methods (ie: 100 
ppm’s for 10 minutes) particularly if iodophore bath drops below 100 ppm’s 
(Brown et al, 1996). 

2) The bacterium is vertically transmitted within the egg (Brown et al, 1996). 
3) Growth of the bacteria is accelerated in high nitrate conditions. 
4) Stressful events induce outbreaks of the pathogen.  

 
As a result of the high losses attributed to this ‘yellow pigmented bacteria’ the Freshwater 
Fisheries Society wanted to take on the initiative to investigate some of these areas of 
concern in the hopes of developing a management strategy to address the problem.  All 
four items listed above were of interest to us for several reasons. 
 

1) The facility where the problem has been observed the most tend to disinfect  
eggs in large numbers with no movement of iodophore around the egg. 

2) The stock where the problem seems most persistent is an in house brood stock 
which has been established for many generations. 

3) The facility indicated above is located in a high agricultural area where nitrate 



loadings in ground water may have increased over time due to consistent use   
of chemical fertilizers in surrounding area. 

4) The facility indicated above must meet the demands of an intense culturing 
program which may contribute to an increase in stress induced periods on the 
fish. 

 
In order to address these issues the Society combined the efforts of Fish Culture Staff 
(FCS), the Biological Support and Evaluation Unit (BSEU) and the Fish Health Unit 
(FHU) to devise a management strategy to identify a reservoir, handling method or 
environmental contributor which may singly or in combination be contributing to the 
problem. 
 
This fall/winter season Fish Health and Fish Culture staff will be conducting a study to; 
 

   Determine through the culture of ovarian fluids on Shieh’s media if    
Broodstock of a particular stock of Rainbows is a possible reservoir of the 
bacterium. 
 
Determine if bacterium can be isolated internally from egg indicating 
vertical transmission. 
 
Confirm through PCR if bacterium isolated from various facilities, in both 
forms is Flavobacterium psychrophilum. 

 
Methods 
 
Ovarian fluids and eggs will be taken from female broodstock at the facility.  
Approximately 1 ml of fluid and 20 eggs will be shipped in tubes, overnight, on ice to the 
Fish Health Unit.  Tubes will be labeled according to designated family number and 
brood groups will be kept isolated in incubation pending outcome of the bacterial results. 
 
Upon receipt at the lab 0.2 ul of fluid will be removed from each ovarian sample and be 
labeled and set aside for future PCR testing.  A remaining portion of the fluid will be 
plated onto Shieh’s media using a sterile swab and observed for growth of “yellow 
pigmented colonies”.  Plates will be monitored at 24 hours, 72 hours and 7 days.  Growth 
(ie: numbers of colonies) will be recorded at this time. 
 
Eggs will be disinfected in 100 ppm Iodophore for 10 minutes within submission tubes 
upon arrival at the lab.  They will then be rinsed using bottled distilled water.  Five eggs 
will then be selected, sliced using a sterile razor blade on a clean surface and internal 
contents will be plated onto Shieh’s media using a sterile loop.  Plates will be monitored 
at 24 hours, 72 hours and 7 days.  Growth will be recorded at this time.  Remaining eggs 
will be placed in a tube in the freezer to be processed using Rapid PCR method (Crump 
et al) later this Fall/Winter. 
 
 



All female contributing brood to 2005 progeny for this stock will be tested using this 
method.  Spawning season for this stock runs from October through to December.   
 
Isolates preserved under oil from other outbreaks from our other facilities will be re-
cultured and tested using the PCR method and the agglutination test to confirm that the 
bacteria in each case is the same. 
 
The BSEU will be examining ground water testing records to see if any trend has 
occurred in increased loads of nitrate levels in the ground water system.  They will also 
be off testing ground water testing to look at non-traditional testing periods to provide a 
better picture of any biochemical changes which may be occurring in the ground water 
system 
 
Fish Culture staff will be working with the BSEU, FHU and within their own staff to try 
and document procedures and identify any correlation with fish culture practices and 
clinical outbreak of this particular pathogen.  In particular they will focus in on 
identifying and documenting stressors that may be contributing to a clinical outbreak. 
 
Results 
 
Results are pending.  Preliminary results should be available at the NWFCC in December 
2004. 
 
Depending on results observed in the Broodstock preliminaries follow up testing may 
occur in the progeny at various life stages in order to try and track and identify more 
susceptible life stages to the bacterium. 
 
It is not the intent of this study to quantify growth of the bacteria but only to qualify the 
presence of the bacteria and determine possible reservoirs so that we may develop 
possible adaptive strategies in order to manage around the bacterium. 
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Flavobacterium psychrophilum is a psychrophilic, yellow-pigmented, filamentous gram-
negative bacterium belonging to the family Flavobacteriacea.  F. psychrophilum was 
named as the causative agent of bacterial cold water disease (BCWD) in fish in the 
Pacific Northwest and later rainbow trout fry syndrome (RTFS) in Europe.  As yet, no 
vaccine is commercially available to protect against F. psychrophilum.  A disease model 
for RTFS was established in 1g rainbow trout fry.  A recombinant vaccine was developed 
which resulted in 89% RPS when administered by intraperitoneal injection.  Oral and 
immersion formulations are currently under development.
 
INTRODUCTION 
 The family Flavobacteriaceae comprises a diverse group of filamentous bacterial 
species and includes a number of aquatic pathogens.  Of particular importance is 
Flavobacterium psychrophilum, the causative agent of Rainbow Trout Fry Syndrome 
(RTFS) and Bacterial Cold Water Disease (BCWD).  Other important fish pathog 
pathogens belonging to this family include Flavobacterium columnare and 
Tenacibaculum maritimum (syn. Flexibacter maritimus), which cause Columnaris and 
Salt Water Columnaris (mouthrot) diseases respectively.   

The production of efficacious vaccine is a complex task, requiring the 
consideration of several variables including the effect of route of administration, vaccine 
dose, formulation and maturity of fish.  Prior to testing these variables, preliminary trials 
are undertaken to identify molecules worthy of further investigation.  The goal of this 
study was to assess the abililty of a recombinant protein from F. psychrophilum to protect 
rainbow trout fry against lethal challenge with F. psychrophilum.  Here we describe the 
identification and expression of a cross-reactive antigen from F. psychrophilum and the 
results of a successful vaccine trial in rainbow trout fry.   
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bacterium belonging to the family Flavobacteriacea.  F. psychrophilum was named as the 
causative agent of bacterial cold water disease (BCWD) in fish in the Pacific Northwest and later 
rainbow trout fry syndrome (RTFS) in Europe.  As yet, no vaccine is commercially available to 
protect against F. psychrophilum.  A disease model for RTFS was established in 1g rainbow 
trout fry.  A recombinant vaccine was developed which resulted in 89% RPS when administered 
by intraperitoneal injection.  Oral and immersion formulations are currently under development.
 
INTRODUCTION 
 The family Flavobacteriaceae comprises a diverse group of filamentous bacterial species 
and includes a number of aquatic pathogens.  Of particular importance is Flavobacterium 
psychrophilum, the causative agent of Rainbow Trout Fry Syndrome (RTFS) and Bacterial Cold 
Water Disease (BCWD).  Other important fish pathogens belonging to this family include 
Flavobacterium columnare and Tenacibaculum maritimum (syn. Flexibacter maritimus), which 
cause Columnaris and Salt Water Columnaris (mouthrot) diseases respectively.   

The production of efficacious vaccine is a complex task, requiring the consideration of 
several variables including the effect of route of administration, vaccine dose, formulation and 
maturity of fish.  Prior to testing these variables, preliminary trials are undertaken to identify 
molecules worthy of further investigation.  The goal of this study was to assess the ability of a 
recombinant protein from F. psychrophilum to protect rainbow trout fry against lethal challenge 
with F. psychrophilum.  Here we describe the identification and expression of a cross-reactive 
antigen from F. psychrophilum and the results of a successful vaccine trial in rainbow trout fry.   

  

Methods 

BACTERIAL STRAINS AND GROWTH CONDITIONS 
F. psychrophilum was cultured on MAT agar as described previously (4). 
 

IDENTIFICATION, CLONING AND EXPRESSION OF RECOMBINANT PROTEINS 
A DNA expression library was constructed and screened using rabbit anti-F. psychrophilum 
serum (3) using the methods described by Kuzyk et al (7).  Methods used for subsequent cloning 
and expression of recombinant protein is described in Kuzyk et al (6). 
 



VACCINE TRIAL 
Groups of 50 rainbow trout fry, weighing ~0.65 g, were injected intraperitoneally (i.p.) with 
either 10 µg CM8-91 protein in adjuvant, adjuvant alone or saline, 50 µl / dose and held at 12 °C.  
After 400 degree days the fish were challenged by injection (i.p.) of ~7 x 107 F. psychrophilum 
cells.  Mortalies were monitored for 21 days and the presence of F. psychrophilum confirmed by 
re-isolation from kidney tissue that had been streaked onto MAT agar and incubated at 15 °C for 
3-4 days.   

Results 
Identification of antigenic F. psychrophilum λ ZAPII clones 

Immuno-screening of a F. psychrophilum expression library with rabbit anti-F. 
psychrophilum serum identified a strongly reacting clone, pP8, which was chosen for further 
study.  The antigenic plaques were purified and the pBluescript clones excised from the λ 
phagemids.  The antigenic pBluescript clone was found to contain ~2.7 kb insert DNA from F. 
psychrophilum following restriction digestion and agarose gel electrophoresis (data not shown). 
 
Immunoblot analysis of E. coli SOLR clone pP8  
 E. coli SOLR harbouring the pBluescript clone pP8 was grown in the presence of the lac 
inducer IPTG.  A whole cell lysate was then resolved by SDS-PAGE and immunopositive 
proteins visualized by immunoblotting, using rabbit anti-F. psychrophilum serum.  Clone pP8 
was shown to express a specific 10 kDa protein antigen (Figure 1). 

Figure 1.  Immunoblot of E. coli SOLRpP8 
and host control.  E. coli SOLR cells 
harbouring the pBluescript clone pP8 (lane 
SOLRpP8) were grown in the presence of the 
lac inducer IPTG.  A whole cell lysate was 
resolved by 12 % SDS-PAGE, electroblotted 
onto nitrocellulose membranes and visualized 
using rabbit anti-F. psychrophilum serum. 
Clone pP8 was shown to express a specific 
and strongly reacting 10 kDa protein antigen 
(arrow).  The E. coli SOLR host control (lane 
SOLR cntrl) contained no plasmid.  Pre-
immune control sera did not specifically label 
any cloned proteins.  MW standards (kDa) are 
indicated on the left.   



 
Cloning and expression of 10 kDa antigen 
Analysis of the F. psychrophilum insert DNA in clone pP8 (2659 bp) revealed four 
complete open reading frames (ORFs) of 675 bp, 561 bp, 279 bp and 276 bp.  PCR 
primers were designed to amplify the ORF encoding the 10 kDa antigen with flanking 
DNA restriction enzyme cleavage sites.  The amplified ORF was gel purified, digested 
with BamHI and HindIII and ligated into the pET-derived expression vector pETC, 
encoding a 10 kDa N-terminal fusion protein, protein C.    
 
E. coli BL21(DE3) was electroporated with the pETC constructs and transformants 
selected overnight on ampicillin supplemented media.  Expression of transformants was 
achieved by treating with 1 mM IPTG for 2 h to induce expression of the cloned ORF.  
Whole cell lysates were then separated by SDS PAGE and visualized by Coomassie 
staining and immunoblotting.  Coomassie stained gels(Figure 2A) showed that the ORF 
was expressed as a C-protein fusion, named C8-91, with an apparent MWs of ~22 kDa.  
Immunoblotting with rabbit anti-F. psychrophilum serum showed C8-91 to be highly 
antigenic (Figure 2B).  A 51 bp T-cell epitope from measles virus was then cloned into 
the pETC8-91 construct, creating pETCM8-91. 
 
C8-91 is a cross-reactive antigen 

Further immunoblot analysis of C8-91 with rabbit anti-Flavobacterium columnare 
and anti-Tenacibaculum maritimum serum, revealed strong cross-reactivity with C8-91 
but not with the C-protein control (Figure 2B).  C8-91 was also shown to react with 
convalescent rainbow trout serum (Figure 2 B).  Pre-immune (naïve) sera did not react 
with C8-91. 
 

 
Figure 2.  SDS PAGE and immunoblot analysis of C8-91 fusion protein with a 
variety of antisera.  E. coli BL21(DE3) cells harbouring the plasmids pETC8-91 or 
pETC were induced with IPTG and whole cell lysates analyzed by SDS PAGE.  Protein 
fusions were visualised by A) Coomassie stain and B) Immunoblotting with rabbit anti-F. 
psychrophilum serum (α-F.p.), anti-F. columnare serum (α-F.c.) anti-T. maritimum (α-
T.m.) as well as convalescent rainbow trout serum.  Arrows indicate C protein and C-
protein fusion C8-91.   MW markers (kDa) are indicated on the left. 

 



CM8-91 elicits a protective immune responses in rainbow trout fry  
Rainbow trout fry, averaging 1 g, were injected (i.p.) with CM8-91, adjuvant alone 

or saline.  After 400 degree days, fish were challenged by i.p. injection of live F. 
psychrophilum, approx 7 x 107 cells.  The survival curves for the vaccine trial are shown 
in Figure 3.  Mock vaccinated (saline) control fish suffered 85 % mortality, whereas fish 
vaccinated with CM8-91 reached 9 % mortality (89 % RPS).  Fish injected with adjuvant 
alone reached 45 % mortality (47 % RPS).  CM8-91 was found to elicit a protective 
response that was significantly higher (p <0.001) than observed for the adjuvant effect 
alone.   

 

 
Figure 3.  Vaccine trial using CM8-91 in rainbow trout fry.  Groups of 50, 0.65 g 
rainbow trout were injected (i.p.) with 50 µl adjuvanted recombinant vaccine, CM8-91.  
Control injections were carried out adjuvant only and saline only.  After 400 degree days 
(33 days at 12 °C) fish were challenged (i.p.) with ~7 x 107 F. psychrophilum cells.   

Discussion 
The disease caused by F. psychrophilum, RTFS, is primarily a disease of 

immature, immunologically underdeveloped fish.  The most significant losses due to 
RTFS occur in fry up to 2 g (8).  In this study, rainbow trout fry (~ 1g) were successfully 
vaccinated against F. psychrophilum.  A high relative percent survival (89 % RPS) was 
observed in fry vaccinated with the recombinant F. psychrophilum protein CM8-91.   
 The cross-reactive nature of the protective, recombinant antigen C8-91 suggests 
that broad-spectrum protection might be achieved.  Several bacterial species belonging to 
the family Flavobacteriaceae are considered pathogenic for fish.  The cloned antigen was 
shown to be a common antigen to F. psychrophilum, F. columnare and T. maritimum, 
therefore, broad spectrum protection is anticipated. 

A striking feature of the combined results was the significant protection conferred 
by the adjuvant alone (47 % RPS).  These results imply that the vaccination of fry did 
have an overall immunostimulatory effect, which may be a function of their age.  In 
addition to their role in enhancing the specific immune response, adjuvants are also 
believed to elevate non-specific responses, since most are active even when given alone 
(reviewed in (2)).  Salmonid fish are not thought to be fully immunocompetent until they 



reach ~4 g (5), and research suggests that younger fish rely more heavily on innate 
immunity (1).  In order to protect fry at this naïve stage, an ideal vaccine might include 
stimulators of innate immunity, in addition to specific antigens which would provide long 
term immunity.  

The incorporation of a promiscuous T cell epitope from measles virus, into 
recombinant protein vaccines for fish, was first described by Kuzyk et al (6), who 
improved protection of an otherwise poorly responsive antigen, presumably by activating 
the cellular arm of the immune response.   

Although fairly high levels of protection against F. psychrophilum can be 
achieved with relatively simple bacterins (unpublished results), there are marked 
advantages to using recombinant proteins.  Vaccine design for use in the aquaculture 
industry hinges on cost-effectiveness as well as efficacy.  An effective strategy for such 
vaccines has been the production of large quantities of the target recombinant antigen.  
High density growth (~A600 >30) of recombinant E. coli is distinctly advantageous over 
that of the wild, psychrophilic pathogen F. psychrophilum (A600 < 3.0) (unpublished 
results), and provides a cost-effective alternative to the production of simple bacterins.  
This recombinant approach has been successfully employed in efficacious vaccine 
production for the bacterial fish pathogen Piscirickettsia salmonis (6), the causative agent 
of salmonid rickettsial septicaemia (SRS).  In this study, we were able to highly express 
F. psychrophilum protein fusions in E. coli, with a yields of ~9-11 % total protein, 
without any further attempts to optimize expression.  However, even this considerable 
level of expression, coupled with the ability to readily grow the producing strain of E. 
coli, provides a cost-effective means to develop vaccines against this psychrophilic, slow 
growing organism.  The recombinant approach also readily enables the addition of 
immunostimulatory epitopes.   
 Future work will focus on developing oral and immersion formulations of CM8-
91 for rainbow trout fry.  It is hoped our discovery of a protective and cross-reactive 
antigen from F. psychrophilum may also provide a helpful beginning toward 
development of a broad-spectrum vaccine against other Flavobacterial and 
Tenacibacterial pathogens of fish. 
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Abstract  
 
Construction of an isolation incubator for small-scale fish culture and research is 
described.  The simple, inexpensive (US$5) isolation incubator is routinely used to 
incubate up to 100 sockeye salmon Oncorhynchus nerka and Chinook salmon O. 
tshawytscha green eggs through the first-feeding fry stage of development at the Idaho 
Department of Fish and Game’s Eagle Fish Hatchery.  The incubator is small (2.5-L 
volume), portable, requires a small amount of water per individual unit (500-1,200 
mL/min), and provides a means to incubate multiple rearing groups in a quarantine 
environment through early stages of fish development.  These incubators have been used 
exclusively for incubation of salmonid eggs and fry; however, we expect that this design 
can be used to successfully incubate eggs of other fish species. 
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History/Introduction 
 
The fundamental design of most modern aquaculture hatching jars, traditionally known as 
McDonald or Chase hatching jars, has an origin that dates back to the late-1800s in America 
(Stickney 2001).  Commercial hatching jars are available through most aquaculture supply 
companies and range in price from US$50 to US$200, depending on size and grade of materials.  
Modified versions of the original design have been described in the aquaculture literature and 
vary considerably in size and cost per unit (Holland and Libey 1980; Rottmann and Shireman 
1988; Dewey and Wagner 1993; Sloan 1996; Glenn and Tiersch 1997). 

Blacklidge and Bidwell (1993) described a smaller, specialized incubation design that allows the 
rearing of multiple egg groups through the first-feeding fry stage of development.  The ability to 
incubate and rear small groups of eggs through first-feeding development in separate containers 
is often beneficial to researchers and fish culturists.  We describe a similar design that allows the 
incubation of small groups of eggs through first-feeding, with the added benefit of a separate 
water supply for each unit.  When used with a specific pathogen-free water source, each 
incubator operates as an isolated unit, thus eliminating the risks associated with horizontal 
pathogen transmission and providing a quarantine environment for individual rearing groups.  
Once initial fabrication is completed, individual incubators can be disassembled for disinfection 
and quickly reassembled for use in a matter of minutes. 
 
 
Procedures/Methods 
 
Assembled, the incubator is designed to operate as an isolation vessel capable of incubating eggs 
and fry in either a down-welling or up-welling environment.  Up-welling water flow is typically 
used for green egg through pre-hatch incubation and down-welling water flow is used to rear fry 
through yolk absorption and first feeding.  A removable standpipe facilitates the application of 
either up-welling or down-welling incubation in a common container; the standpipe inserted for 
up-welling water flow (pre-hatch) and later removed to convert to down-welling flow (post-
hatch).  In our application, a pathogen-free water supply provides gravity-fed flow to units via 
individual, 0.635 cm (1/4 in) ball-valves and flexible PVC tubing.  Water flow requirements vary 
with developmental stage and number of eggs per unit, but typically range from a low of 500 
mL/min to a high of 1,200 mL/min. 
 
Generally, egg numbers range from one to one hundred eggs per incubator for groups reared 
through first-feeding.  Up to 1,000 green eggs have been successfully cultured in this unit 



through the eyed-stage of development, with eggs transferred to larger incubation vessels (e.g., 
vertical-stack incubators, larger up-weller incubators) prior to hatch.  When incubating high-
quality eggs, survival to the eyed-stage of development often ranges from 90-95% for groups of 
up to 1,000 eggs, with survival-to-hatch rates regularly exceeding this value for smaller groups 
(1-100) reared through first feeding. 
 
The upright, compact design allows segregation of multiple units in a small area, with 
individualized water supply adding to the quarantine-nature of this application when used with a 
specific pathogen-free water source.  The smaller design enhances the portability of individual 
units to assist in laboratory and hatchery settings, as well as minimizing the total treatment 
volume required in chemical applications.  Rach et al. (1995) suggest a water flow rate of at least 
1,200 mL/min to minimize fungal (Saprolegnia spp.) infections in miniature hatching jars.  We 
found that similar water flow rates combined with manual removal of infected eggs were often 
successful in controlling fungal infections, with standard chemical treatments easily administered 
as either a static bath or flow-through treatment in these units, if necessary.  An added benefit to 
the size and portability of the incubator is the ability to water-harden green eggs and/or iodophor 
disinfect groups of eggs directly in the incubation unit, reducing the amount of time and handling 
often involved in the incubation and transport of eggs. 
 
After egg transfer to the incubator, care must be taken to assure that air bubbles are not trapped 
below the mesh window screen.  The presence of bubbles below the screen creates a “dead 
space” which prevents the water flow from up-welling through incubating eggs.  Depending on 
the incubation environment, incubators can be covered with a shade material to shield 
developing eggs and fry from light (Leitritz and Lewis 1980; Piper et al. 1982).  The ability to 
chemically disinfect all incubator materials is an asset to the design, and individual units can be 
quickly dismantled and reassembled for disinfection and transport purposes. 
 
It is important to specify that the design and use of the unit described in this note references 
salmonid culture use only.  This unit has been used since 1991 to successfully incubate and hatch 
eggs from several different salmonid species (sockeye salmon Oncorhynchus nerka, Chinook 
salmon O. tshawytscha, rainbow trout O. mykiss, cutthroat trout O. clarki, and brook trout 
Salvelinus fontinalis) at the Idaho Department of Fish and Game’s Eagle Fish Hatchery near 
Eagle, Idaho, USA.  Eagle Hatchery is one of two conservation facilities responsible for the 
culture and brood-sourcing of the endangered Snake River sockeye salmon.  This incubator 
design is instrumental in the culture of small groups of unique, lineage-specific brood crosses 
that require an isolated early-rearing environment for genetic and fish health monitoring 
purposes.  We expect that similarities in early-incubation culture techniques for a number of non-
salmonid species would allow for the application and utility of this design in several different 
hatchery, research, and laboratory settings. 
 
For a detailed schematic, parts list, or assembly and usage instructions, please contact 
Jeremy Redding at address/e-mail above. 
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Abstract 
 
Enhancing survival of eggs in the streambed gravel took a major step forward in 1977 with the 
invention and development of the Salmon Egg Planting Device and Method (Jones, et. al.1979). 
Testing of the device and method was conducted under the supervision of Alaska Department of 
Fish and Game (ADF&G) in Dog Salmon Creek near Wrangell, Alaska by the staff of Alaska 
Aquaculture, Inc., a private non-profit hatchery group. The concept of low-density eyed egg 
plants proved successful and a subsequent massive egg planting by ADF&G resulted in the 
largest restoration project in Alaska (sponsored by the Fisheries Restoration and Enhancement 
Division (FRED) (White, L. 1986). Use of the equipment and method has been limited due to the 
inability to evaluate the results of eyed egg plants unless totally isolated from natural spawning. 
Recent developments in mass marking using thermal manipulation of incubation water to affect a 
series of dark rings on the developing otolith have provided new opportunities for evaluating 
eyed egg plants. Even more recently, Alaska Resource & Economic Development, Inc. (ARED) 
developed a portable and adjustable incubation method called Moist Air Incubation (Patent 
Pending). This new innovation operates on recycled water, allowing for thermal marking at 
virtually no cost compared to significant expenses associated with heating or chilling massive 
volumes of water in full emersion incubation systems. These techniques can be applied where 
limited volume of water is available, and the technology does not require head pressure from 
elevated water sources nor the expense of pumping large volumes of water. The Moist Air 
Incubation system also meets more stringent EPA standards, as it usually eliminates the need for 
pre-emergent chemical treatments. This paper reviews the development of the Moist Air 
Incubation System and its applications in fish culture and wild stock restoration programs. 
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ABSTRACT 

 
Enhancing survival of eggs in the streambed gravel took a major step forward in 
1977 with the invention and development of the Salmon Egg Planting Device and 
Method. (Jones, et. al.1979) Testing of the device and method was conducted 
under the supervision of Alaska Department of Fish and Game (ADF&G) in Dog 
Salmon Creek near Wrangell, Alaska by the staff of Alaska Aquaculture, Inc., a 
private non-profit hatchery group. The concept of low-density eyed egg plants 
proved successful and a subsequent massive egg planting by ADF&G resulted in 
the largest restoration project in Alaska (sponsored by the Fisheries Restoration 
and Enhancement Division (FRED). (White, L. 1986) Use of the equipment and 
method has been limited due to the inability to evaluate the results of eyed egg 
plants unless totally isolated from natural spawning. Recent developments in 
mass marking using thermal manipulation of incubation water to affect a series of 
dark rings on the developing otolith have provided new opportunities for 
evaluating eyed egg plants. Even more recently, Alaska Resource & Economic 
Development, Inc. (ARED) developed a portable and adjustable incubation 
method called Moist Air Incubation (Patent Pending). This new innovation 
operates on recycled water, allowing for thermal marking at virtually no cost 
compared to significant expenses associated with heating or chilling massive 
volumes of water in full emersion incubation systems. These techniques can be 
applied where limited volume of water is available, and the technology does not 
require head pressure from elevated water sources nor the expense of pumping 
large volumes of water. The Moist Air Incubation system also meets more 
stringent EPA standards, as it usually eliminates the need for pre-emergent 
chemical treatments. This paper reviews the development of the Moist Air 
Incubation System and its applications in fish culture and wild stock restoration 
programs. 
 

 
Methods 
 
Most hatchery managers will relate that fertilized eggs inadvertently left under a stack of 
incubators will, if not dried out, continue to survive and develop. If not disturbed, they will lie on 
the moist floor and hatch. The ability for these eggs to survive out of water is twofold: the 
ambient temperature in the incubation room is within tolerances for egg survival, and the  
moisture maintains the permeability of the eggshell membrane to sustain gas exchange in the air. 
When ARED directors were seeking alternatives to traditional full emersion incubation for the 
purpose of eyeing wild salmon eggs prior to replanting back into their natal watersheds, they 
focused and expanded on this natural advantage. ARED began exploring the use of a mechanical 
means of creating this environment for developing fertilized eggs. Prior to this approach, efforts 
initially focused on creating a portable full emersion incubation system. Such a system was 



designed but eventually shelved, as it would be susceptible to flow interruptions from failure of 
delicately balanced, complex mechanical systems. The full emersion system was also 
unnecessarily bulky and expensive.  
 
Moist Air Incubation was conceived in the mid-1990’s, and trials with a working prototype 
began at the Kake Nonprofit Fisheries community hatchery in Kake, Alaska using summer chum 
gametes in the summer of 2001. This initial prototype employed a single pass-through system 
plumbed into the hatchery water supply with pressure enhanced using a pressure pump capable 
of maintaining pressure to misting nozzles. The pressurized water being forced through the 
nozzles generated mist on the eggs. Suspended solids were filtered out to prevent plugging the 
nozzles, and a water chiller controlled water temperature. 
 
Subsequent prototypes abandoned the single pass-through water system and employed recycling 
systems. An ultraviolet disinfection system was added to the mechanical filtration for removal of 
any biological pathogens and contaminants. ARED’s system is now capable of capturing nearly 
one hundred percent of the mist water, proving that recycling of all spray and condensation 
eliminates the need for large volume water supply. The addition of a high-pressure system 
capable of delivering 200 psi reliably allowed for more efficient nozzles, producing atomized 
mist much finer than mist produced at previous lower pressures. Egg baskets for the mist 
incubation units were initially designed around dimensions compatible with standard Heath™ 
Incubation systems. This retrofit was initially pursued to enable Pacific Northwest hatchery 
facilities to continue utilizing their investments in Heath stack trays. The notion of retrofitting 
Heath Tray systems was eventually abandoned, as the conversion compromised egg survival and 
could not accommodate all the advantages of Moist Air Incubation. ARED has now designed 
specialized trays and environmental controls to maximize the benefits of  Moist Air Incubation. 
Each tray is sized to accommodate the gametes from one female salmon, allowing ease of family 
tracking and isolation from potentially disease contaminated eggs.  
 
The current version of the Moist Air Incubator involves a closed insulated cabinet and 
mechanical systems capable of a full range of temperatures for thermal adjustments. The 
mechanical systems are inherently stable and reliable. The moist air chamber is hermetically 
sealed, allowing survival of eggs for long durations of time in the event of a mechanical failure. 
The mechanical systems can be monitored by reliable alarm systems, and mechanical 
components are easily changed in the field in the remote event of a failure. 
 
Results 
 
Initial trials in 2001 at Kake resulted in better than 98% survival of fertilized eggs to the late-
eyed stage of development. 2002 replicate studies took place in Kake using chum gametes and 
resulted in 97.6% survival to eyed stage. The moist air environment does not promote growth of 
Saprolegnia. For this reason, no prophylactic treatment for fungal growth is necessary. Replicate 
studies at the Gnat Creek hatchery east of Astoria, Oregon using pathogen free water from a 
subsurface supply resulted in comparable survival of 95.2%. 
 
Replicate trials were initiated simultaneously at ARED’s Astoria location but were cancelled 
when quality control of required conditions could not be met. These trials attempted to modify 
the hatchery’s existing mechanical infrastructure. The trials confirmed the necessity for positive 
control of water quality and atmospheric conditions and portrayed why strict adherence to ARED 
protocols and procedures must be maintained. The results from the trials clearly indicated the 
process will not produce acceptable results if not implemented under stringent procedural 



guidelines and should not be attempted as a restorative measure for endangered species without 
proper training. 
. 
In 2003, ARED incubated Coho in Kake, Alaska resulting in 97.3% survival. There was no 
detectable fungal growth. The unit was operated in partnership with the Kake School District. It 
was located at the Kake High School, which allowed students to participate in gathering of 
gametes and monitoring the incubation system. Students were fully engaged in all aspects of the 
project from gamete collection to eventual planting of eyed eggs.  
 
ARED’s 2004 operations utilized a complete suite of technologies in the Norton Sound Region 
of Alaska. The wild Chum runs in the Norton Sound Region have been declining for the past 20 
years. In a partnership between ARED, Norton Sound Economic Development Corporation, the 
Nome School District and in a Memorandum of Agreement with Alaska Department of Fish & 
Game, Chum eggs taken from the Nome River were placed in ARED’s first  Moist Air Incubator 
(fig. 2). The unit was housed in the science lab at Nome High School with an ambient air 
temperature of 21 degrees C. The incubator maintained water temperatures within 1/2 degree C. 
The recycled water remained free of particulates, and byproducts from egg development did not 
accumulate to a detrimental level. Water quality was maintained by purifying the water with 
every pass. Sixty-five thousand chum eggs were placed in the unit over a four-day period. The 
high school science teacher, students and volunteers monitored the unit for five weeks until eggs 
reached the eyed stage. One tray of fertilized eggs appeared to be non-viable, as the majority 
were dead at the time of shocking. Review of the reports indicated that the tray was dropped on 
the floor after water hardening. Of the remaining eggs, 97.2 % were viable. The viable eyed eggs 
were then otolith marked. 
 

 
 

Figure 2. ARED’s first production incubator 
 



The systems’ ability to precisely alter and control the environment achieved distinct dark rings 
with very little background noise. Three rings were successfully placed on the developing otolith 
(fig. 3) following protocols prescribed by Alaska Department of Fish and Game Tag Lab. 
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Figure 2. Thermograph Nome Moist Incubator, 2004                Figure 3. Otolith from Norton Sound Chum 
 
 
Eyed otolith marked eggs were enumerated using volumetric method, then placed in an insulated 
cooler and transported five miles south of Nome for egg planting. Eggs were planted at 700 per 
artificial redd using the Portable Egg Planter (ARED’s modified version of the Salmon Egg 
Planting Device (Patent Pending). Students from Nome, their teacher, fisheries managers and 
volunteers participated in the egg planting. 
 

   
 Students at Nome High School Examining Eyed Eggs          Nome students learning to use the Portable Egg Planter 
 
Discussion 
 
Eyed egg planting has many advantages for wild stock restoration or reintroduction. ARED’s 
technology is designed to allow biologists to maintain a high level of genetic diversity. High 
levels of fertility are assured using manual fertilization; eggs are protected from early mortality. 
Selection of the best planting substrates minimizes chances of mortality due to freezing, drought, 
predation and floods. Mist incubation allows for highly portable eyeing of eggs without the use 
of harsh chemicals for fungal prophylaxis achieves high survival to the pre-hatch stage of 
development and allows for quality otholith marking at no additional cost. Infinite temperature 
controls allow mimicking of natal stream temperature regimes. Survival to the swim-up fry stage 
in past eyed egg plants have achieved as high as 90%. With otolith marked eggs, monitoring and 



evaluation is achievable at any life stage thereafter. Fry that emerge naturally from the gravel 
may imprint better than hatchery releases into systems as fry and smolts. 
 
Whereas the Moist Air Incubator can be scaled to meet the needs of most projects, it is best 
suited to population restoration or reintroduction efforts. ARED’s goal is to increase fish 
abundance within a region by enhancing the accumulation of smaller numbers of many 
genetically unique stocks within a given area. Currently ARED’s smallest unit measures 62” 
high and 25” wide and with a capacity of 198,000 eggs (3000 eggs per tray). A Moist Air 
Incubation system housed in a portable 20’ connex shipping container could incubate 6 million 
eggs. Even larger systems may be housed in larger containers or buildings. 
 
These technologies were conceived from an accumulation of experience, spanning decades, in 
developing some of Alaska’s largest salmon hatcheries while propagating over one billion 
salmon fry. This suite of technologies offer a unique means for restoration of wild salmon in 
their natal habitat.  
 
“The Karluk Lake sockeye salmon rehabilitation project is in its 7th year of production; its 
objective is to increase the return of adult salmon by planting massive numbers of eyed sockeye 
salmon eggs in the underutilized streambed of Upper Thumb River. During the first 4 years, 
production was low because of weak natural returns to the Upper Thumb River and because of 
disease logistical problems. After these problems were overcome, the project has been successful 
in respect to the numbers of eggs annually planted, the egg-to-fry survivals that have greatly 
exceeded the values commonly obtained in production from naturally spawning fish, and the 
resulting return of 20,000 and 22,000 adult sockeye salmon to the Upper Thumb River in 1983 
and 1984, respectively. The 1984 return was the best recorded in that system since 1926. The 
Karluk project has become the largest single rehabilitation effort in the state and the largest 
egg-planting effort in any Pacific Rim country. “    White, L. 1986 
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This paper describes two key studies that fill knowledge gaps with respect to non-reproductive 
trout technology in BC.  The first study compares the performance of large–scale, pressure and 
heat shock protocols.  The second study is a long-term, post-stocking performance evaluation of 
non-reproductive brook trout produced in BC. 
 
Comparison of Large-Scale Heat and Pressure Shock Production Protocols: 
 
The Freshwater Fisheries Society of BC needed to determine if a modified pressure shock 
protocol would continue to produce high triploid yields at production levels.  As a result, a 
production scale comparison between heat shock and the modified pressure shock protocol was 
conducted to:  1) Study the triploid yield of the modified pressure shock protocol during large-
scale production operation, and; 2) Compare the modified pressure shock protocol triploid yield 
vs. heat shock triploid yield.  Two 2 L pressure shockers (TRC Hydraulics Inc., Dieppe, New 
Brunswick, Canada) and a rearing trough with recirculated heated water were used for inducing 
the pressure and heat shocks, respectively.  The modified pressure shock protocol produced a 
higher total survival to trough stage, 3N rate and 3N yield than heat shock for this production 
level comparison.   
 
Post-stocking Performance of Non-Reproductive Brook Trout: 
  
Four small lakes in BC were stocked with equal numbers of differentially marked groups of 
diploid (2N), all-female diploid (AF2N), and all-female triploid (AF3N) brook trout to assess the 
long-term, growth and survival performance of non-reproductive brook trout. The objective of 
this study was to sample the older age class fish in order to observe the performance of non-
reproductive brook trout in BC lakes.  The survival of the experimental brook trout was impacted 
in three of the four study lakes by uncontrollable circumstances.  Menzies Lake (not impacted) 
was sampled with gillnets every fall (2000-2004).  Over the 5 year sampling period in Menzies 
Lake, 10.5% of the stocked fish were recovered by gillnet (565 caught and 5,396 stocked).  
Every fish captured was sampled for fin clip, weight, length, sex, and maturity.  Gillnet catch, 
length, weight and maturity data for each of the 2N, AF2N, and AF3N groups were organized 
into year classes.  Comparisons between groups were made within each age class.  The results of 
this study show that the AF3N brook trout perform better and are higher quality than 2N and 
AF2N brook trout at age 4 and 5. 
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Introduction: 
 
Research into the production of non-reproductive salmonids began in the late 1960’s in an 
attempt to address the problems associated with sexual maturation (Ihssen et al., 1990).  Some 
studies reported on the techniques and protocols used to produce non-reproductive salmonids 
(Lou and Purdom, 1984; Solar, et al., 1984; Bye and Lincoln, 1986).  Chemical, thermal, 
hydrostatic pressure and electrical shocks were shown to produce sterility in salmonids.  Most of 
these studies were experimental and small-scale in nature and therefore not directly applicable to 
the production of large numbers (>100,000) of non-reproductive salmonids.  Other studies 
focused on assessing the growth and survival performance of non-reproductive salmonids (Solar 
et al., 1984; Scheerer and Thorgaard, 1987; Ihssen et al., 1991; Ojolick et al., 1995).  These early 
performance studies were undertaken in order to assess how the non-reproductive fish performed 
in comparison to the normal, diploid fish.  However, the growth and survival performance of 
non-reproductive salmonids is not easily studied due to the length of time needed for proper 
assessment.  This is emphasized in the literature where there is little agreement on the 
performance of non-reproductive salmonids.  
 
The Freshwater Fisheries Society of BC (FFSBC)1 began the stocking of non-reproductive trout 
into BC waters in the late 1990’s with very little performance information.  The decision to stock 
non-reproductives without any performance information was facilitated by the need to: 

i) prevent introgression of stocked and native fish; 
ii) prevent the ecological displacement of downstream native fish by stocked fish; 
iii) prevent maturation of stocked fish to provide a quality product for BC anglers. 

 
Soon after the first non-reproductive trout were stocked into BC waters, a commitment to assess 
their growth and survival performance was made in order to assure that BC anglers were not 
receiving an inferior product.  Some of this work is still ongoing.  Recently, the FFSBC has 
begun to produce non-reproductive trout for other agencies, NGO’s, and private groups that do 
not have access to this technology.  As a result, accurate information of growth and survival 
performance of non-reproductive trout produced at FFSBC hatcheries has become even more 
important. 
 
The FFSBC operates five production trout hatcheries in BC. These five facilities are distributed 
across the southern half of the province and stock 8-10 million fish into approximately 900 
 
 
1 The Freshwater Fisheries Society of BC is a non-profit organization formed in April 2003 that was previously 
called the BC Fish Culture Program while under the BC Government. 



systems each year.  Currently, all five FFSBC trout hatcheries produce non-reproductive trout for 
stocking purposes.  An increase in demand for non-reproductive trout has lead to an increase in 
production and stocking of non-reproductive trout in BC.  See graph 1. 
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Graph 1: The number of reproductive and non-reproductive trout stocked 

into BC lakes 1990-2000. 
 
Four species of salmonids, kokanee (Oncorhynchus nerka), rainbow trout (Oncorhynchus 
mykiss), eastern brook trout (Salvelinus fontinalis), and cutthroat trout (Oncorhynchus clarki), 
are triploided using species specific protocols that have been developed by FFSBC staff.  The 
FFSBC is constantly refining techniques and protocols in an attempt to optimize the production 
of non-reproductive trout.  The ability to produce large numbers of non-reproductives for 
production purposes has been a major challenge not only for the FFSBC but also for other 
fisheries agencies.  An effective large-scale production protocol for non-reproductives must 
consistently produce high post-shock survival and ploidy rates. 
 
This paper describes two key studies that fill knowledge gaps with respect to non-reproductive 
trout technology in BC.  The first study compares the performance of large–scale, pressure and 
heat shock protocols.  The second study is a long-term, post-stocking performance evaluation of 
non-reproductive brook trout produced in BC. 
 
 
Comparison of Large-Scale Heat and Pressure Shock Production Protocols: 
 
Brook trout were first stocked into BC waters in the early 1900’s.  They are considered a non-
native or exotic species in BC.   In order to address this issue, the FFSBC triploided 100% of 
brook trout destined for BC lakes in 1995 via heat shock (a sudden 3 time increase in water 
temperature).  Since 1994, the large-scale production of heat shocked brook trout eggs in BC has 
produced approximately 1.0- 1.4 million fish per year.  During this period, triploid rates have 
been acceptable; however, survival rates have been variable and sometimes poor.  See table 1. 
 
 
 
 



 

Year Prod/Exp 
Shock 
Method %Survival %Triploid 

%Triploidy 
Yield 

1994 Production Heat 47.0% 80.9% 38.0% 
      

1995 Production Heat 54.0% 100.0% 54.0% 
1995 Production Heat 53.0% 97.3% 51.6% 

      
1996 Production Heat 28.5% 95.8% 27.3% 

      
1997 Production Heat 55.0% 95.0% 52.3% 
1997 Production Heat 48.0% 98.3% 47.2% 

      
1998 Production Heat 54.3% 100.0% 54.3% 
 
Table 1: Brook trout triploid rates in BC via heat shock from 1995-1998 using the 29.4 

degrees C for 7 minutes @ 18 minutes post fertilization protocol. 
 
The variable survival rates associated with heat shock are produced because each egg does not 
receive the same shock.  These poor survival rates decrease triploid yield ((% 3N x % 
survival)/100), and increase the number of eggs required, the labour involved (egg picking), and 
ultimately the cost associated with 3N production. 
 
In 1996, the FFSBC began experimenting with pressure shock (increase in hydrostatic pressure) 
as a method for inducing triploidy in brook trout.  Survival rates are increased and even more 
consistent from pressure shock because each egg is exposed to the exact same shock.  
Experiments in 1998 and 2002, using small, triplicate egg batches (~500 eggs/batch) were 
conducted to optimize the pressure shock protocol.  A 33 minute post-fertilization protocol 
produced the highest triploid yield.   
 
The logistics of small-scale pressure shocking are very different than production pressure 
shocking.  Like most transfers of technology from small-scale to production-scale, production 
pressure shocking requires an increase in resources (more gametes, labour, and time).  We 
needed to determine if the 33 minute post-fertilization (modified) pressure shock protocol would 
continue to produce high triploid yields at production levels.  As a result, a production scale 
comparison between heat shock and the modified pressure shock protocol was conducted to:  1) 
Study the triploid yield of the modified pressure shock protocol during large-scale production 
operation, and; 2) Compare the modified pressure shock protocol triploid yield vs. heat shock 
triploid yield.   
 
In order to carry out this comparison, a separate pressure shocking crew traveled to Kootenay 
Trout Hatchery (KTH), near Cranbrook, BC, so that both heat and pressure shocking could be 
conducted at the same time.  The eggs were dry shipped to the KTH.  For this comparison, 
production eggs were divided so that 50% were heat shocked and 50% were pressure shocked.  
Two 2 L pressure shockers (TRC Hydraulics Inc., Dieppe, New Brunswick, Canada) and a 
rearing trough with recirculated heated water were used for inducing the pressure and heat 



shocks, respectively.  The eggs were divided in half and both shocking crews fertilized eggs with 
XX male brook trout milt as required.  After shocking, the eggs were surface disinfected with 
iodophor and then transferred to separate upweller incubators.  A small sub-sample of eggs was 
removed from each group prior to shocking as the 2N control. 
 
Mortalities from the eyed egg through to troughing were tracked by KTH staff.  The percent 
survival to trough value for the modified pressure shock group was lower than the value for heat 
shock value.  It should be noted that the trough loss for the pressure shock group is an 
extrapolation from a representative sub-sample.  See table 2. 
 
 Heat (% mort) Pressure (% mort) 

Total egg #’s 341,474 372,441 
GE-EE loss 60,506 (17.7) 85,080 (22.8) 
EE-pre trough loss 57,033 (16.7) 29,496 (7.9) 
Trough loss 10,365 (3.0) 12,662 (3.4) 
Total loss 127,904 (37.5) 127,238 (34.2) 
Controls loss (19.2) (17.1) 
 
Table 2: Mortalities of large-scale production batches of heat and pressure  

shocked brook trout at various stages. 
 
The fish produced from pressure and heat shock were reared on ground water in separate rearing 
containers.  The fish were fed a commercial trout diet to satiation daily.  A random sample of 
approximately 200 fish from the heat and pressure shock groups plus 2N controls were 
transported to the Fraser Valley Trout Hatchery, Abbotsford, BC, for ploidy sampling.  Blood 
was sampled from 60 fish for the heat and pressure shock groups and from 24 fish from the 2N 
control groups.  Prior to blood collection, the fish were removed from the holding container and 
placed into an aerated 10 L bucket containing 100 mg/L tricaine methanesulfonate (MS222).  
Whole blood was collected by caudal severance and used to confirm ploidy of each fish via flow 
cytometry (Epics XL, Coulter Corporation, Miami, Florida). 
 
Triploid rates for heat and pressure shock groups were determined to be 98.9% and 100%, 
respectively.  Accordingly, triploid yield for heat and pressure shock groups were 61.8% and 
65.8%, respectively.  See table 3. 
 
 
 
 
 
 
 
 
 



 Heat Shock 
(%) 

Modified Pressure 
Shock (%) 

Survival to eyed stage 82.3 77.2 
   
a) Total survival to trough stage 62.5 65.8 
   
b) % 3N rate 98.9 100 
   
3N yield (a x b) 61.8 65.8 

 
Table 3:  Survival rates, 3N rate, and 3N yield of heat shock and modified pressure 

shock groups in large-scale production comparison.            
 
In summary, the modified pressure shock protocol produced a higher total survival to trough 
stage, 3N rate and 3N yield than heat shock for this production level comparison.  The results 
indicate that good 3N yields were produced by the modified pressure shock protocol during 
large-scale production of triploid brook trout in BC.  In 2003 and 2004, 100% of the brook trout 
eggs produced in BC were pressure shocked with the modified protocol at KTH.   
 
Post-stocking Performance of Non-Reproductive Brook Trout: 
  
Four small lakes in BC were stocked with equal numbers of differentially marked groups of 
diploid (2N), all-female diploid (AF2N), and all-female triploid (AF3N) brook trout to assess the 
long-term, growth and survival performance of non-reproductive brook trout. The lakes were 
stocked for a five year period; starting in spring 1999 and continuing through to spring 2004.  
The total number of fish stocked in each lake was different because stocking density was 
constant but lake size was not.  The study lakes were; MacGlashan Lake (near Kamloops, BC), 
Menzies Lake (near Merritt, BC), Churchill Lake (near Vernon, BC), and Spring Lake (near 
Cranbrook, BC).  The objective of this study was to sample the older age class fish in order to 
observe the performance of non-reproductive brook trout in BC lakes.  We hoped to accomplish 
this by gillnet sampling the study lakes with minimal effort in the first 2-3 years of the study.   
This would allow for more experimental fish to remain in-lake for sampling at age 4 and 5.   
 
The survival of the experimental brook trout was impacted in three of the four study lakes by 
uncontrollable circumstances.  MacGlashan Lake experienced complete winter-kill from 2002 to 
2004.  The experimental brook trout in Spring Lake were decimated by illegal introductions of 
large mouth bass (Micropterus salmoides).  Experimental brook trout numbers were impacted by 
anglers (improved access) in Churchill Lake.  Menzies Lake (closed to fishing; aerated in winter) 
was the only lake where significant experimental brook trout numbers remained.  Therefore, the 
remainder of this paper will focus on the sampling in Menzies Lake.  See table 4 for numbers 
and sizes of fish stocked into Menzies Lake. 
 
 
 
 
 



 Release size (g) # fish stocked # fish Age Class 
Year (2N/AF2N/AF3N) (2N/AF2N/AF3N) recovered recovered 
1999 11/10/9.2 300/300/300 n/a n/a 
2000 8.5/8.5/8.5 299/299/298 35 1 
2001 7.5/7.5/7.5 300/300/300 33 1,2 
2002 11/10.8/10.1 300/300/300 47 1,2,3 
2003 7.4/7.4/7.4 300/300/300 107 1,2,3,4 
2004 6.9/6.8/6.1 300/300/300 343 1,2,3,4,5 

 
Table 4: Release size, stocking number, number of fish and age classes recovered in Menzies 

Lake from 1999-2004. 
 
The study lakes were sampled with gillnets every fall (2000-2004).  All sample periods, except 
for the first in 2000, contributed multiple age classes of experimental fish to the data.  The 2004 
sample period contributed data for all five age classes.  See table 4 for number of fish recovered 
in each sample period.  Over the 5 year sampling period in Menzies Lake, 10.5% of the stocked 
fish were recovered by gillnet (565 caught and 5,396 stocked).  All aquatic habitats in each lake 
were sampled using a combination of floating and sinking nets.  Gillnet catch numbers were 
relatively low in the first three years of sampling as designed, to ensure adequate numbers of 
experimental fish would remain in-lake for the 4 and 5 year sample periods.  The 2004 sample 
period was the most intensive and several visits to the lake were undertaken to remove as many 
experimental fish as possible.   
 
Every fish captured was sampled for fin clip, weight, length, sex, and maturity.  If necessary, 
stomach contents and otoliths were collected.  Gillnet catch, length, weight and maturity data for 
each of the 2N, AF2N, and AF3N groups were organized into year classes.  Comparisons 
between groups were made within each age class.   
 
Gillnet catch numbers were used to determine relative survival of the non-reproductive brook 
trout.  See graph 2.  Chi-square analysis was used to determine significant differences in the 
relative survival of groups in each age class.  The AF2N groups at ages 1-3 and the 2N group at 
age 1 were recovered in significantly higher numbers than other groups in the same age class.  
There was no significant difference in recovery numbers for all three groups in the 4 and 5 year 
age classes.  
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Graph 2: Relative survival of 5 different age classes of 2N, AF2N, and AF3N brook 

trout in Menzies Lake. * indicates significant difference in number of fish 
recovered versus lowest treatment group in the age class. 

 
Length and weight data were used to assess growth performance of the non-reproductive brook 
trout.  See graphs 3 and 4.  One-way ANOVA and Tukey’s means comparison test were used to 
determine significant differences between mean values.  In both length and weight graphs, only 
the AF3N groups at age 4 and 5 were significantly different than other groups in the age class.   
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Graph 3: Mean length of 5 different age classes of 2N, AF2N, and AF3N 

brook trout in Menzies Lake.  * indicates significantly different 
from other groups in age class. 
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Graph 4: Mean weight of 5 different age classes of 2N, AF2N, and AF3N 

brook trout in Menzies Lake.  * indicates significantly different 
from other groups in age class. 

 



An analysis of the maturation data was used to assess “fish quality” in the non-reproductive 
brook trout.  A “high quality” fish was defined as any recovered fish that was immature (silver-
bright).  Mature fish that were dark in colouration with poor flesh quality were considered “poor 
quality.”  At age 1, the 2N and AF2N groups were already greater than 20% and 10% mature, 
respectively.  From age 2-5, the 2N group was 100% mature and the AF2N group was >90% 
mature.  The AF3N groups had the lowest % maturity in all age classes.  There were mature fish 
in the AF3N groups because the AF3N brook trout released in 1999 were not 100% all-female 
and these fish were sampled as all age classes.  Two age classes of “high quality” AF3N brook 
trout and “poor quality” 2N brook trout recovered from Menzies Lake are shown in figure 1. 
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Graph 5: Percent maturation of 5 age classes of 2N, AF2N, and AF3N brook 

trout in Menzies Lake. 
 
 



 
Figure 1: One and two year old 2N and AF3N brook trout recovered from 

Menzies Lake. 
 
In summary, this data indicates AF3N brook trout grow equal to but do not survive as well as 2N 
and AF2N brook trout at ages 1-3 in Menzies Lake.  The AF3N brook trout are functionally 
sterile and therefore not as aggressive as the 2N and AF2N groups.  It is not surprising that they 
do not survive as well as the other groups in this co-stocking situation.  However, at ages 4 and 
5, the AF3N brook trout exhibited similar survival rates and were significantly larger (longer and 
heavier) than the 2N and AF2N brook trout.  Also, the AF3N brook trout were considered “high 
quality” because they were mostly immature at age 4 and 5.  After age 1, 2N and AF2N brook 
trout experienced very high rates of maturity and were considered “poor quality.”   
 
Non-reproductive brook trout were originally used in BC to satisfy conservation issues with 
native trout.  At the time, there was no information on their survival and growth performance.  
The results of this study show that the AF3N brook trout actually perform better and are higher 
quality than 2N and AF2N brook trout at age 4 and 5.  If fisheries in BC can be managed to 
enable AF3N brook trout to reach at least age 4, conservation issues will be addressed and at the 
same time, large high-quality brook trout can be produced.  
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Four New Hatchery Tools at Washington Department of Fish and Wildlife 
Hatcheries 
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Abstract 
 
The Washington Department of Fish and Wildlife (WDFW) has a large hatchery program 
with about 90 facilities. With a capital investment exceeding hundreds of millions, we 
need devices to increase efficiency and safety.  WDFW spends over $1 million per year 
in Labor and Industry claims, much of that to hatchery employees.  Several new devices 
were acquired this past year at agency facilities that create efficiencies and may reduce 
injuries. This presentation profiles these new hatchery technology devices including a 
broodstock killing machine, a carbon dioxide stunner device and sorting table used with 
an adult fish pump, a trailer/dewatering tower used with a new 6” fish pump, and an 
automated snout taking machine (yet to be received in late October).  
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Four New Hatchery Tools at Washington Department of Fish and Wildlife 
Hatcheries 

 
Jack M. Tipping, Washington Department of Fish and Wildlife, 600 Capitol Way North, 
Olympia, WA 98501-1091.  Email tippijmt@dfw.wa.gov. 

 
 

This presentation profiles several new hatchery technology devices acquired in 
the past year at WDFW hatcheries.  The items include a broodstock killing machine, a 
carbon dioxide stunner device and sorting table used with an adult fish pump, a 
trailer/dewatering tower used with a new 6” fish pump, and an automated snout taking 
machine (yet to be received in late October).  
 
 

Washington Department of Fish and Wildlife (WDFW) has a large hatchery 
program with about 90 facilities. With a capital investment exceeding hundreds of 
millions, we need devices to increase efficiency and safety.  WDFW spends over $1 
million per year in Labor and Industry claims, much of that to hatchery employees.  
Several new devices were acquired this past year at agency facilities that create 
efficiencies and may reduce injuries; those items are profiled below.  
 
 
Broodstock Killing Machine   
 

When killing fish for brood stock spawning, most WDFW facilities use clubs to 
dispatch the fish.  Clubbing requires labor, can injure employees and has on occasion, 
created the public impression of inhumane treatment of animals.  Most spawning 
activities require one to two people to club fish and now and then, employees get hurt.  
Last year we had two employees accidentally clubbed in the head, which obviously has 
the potential for a large Labor and Industry claim.  
 

We acquired and tested the SI-5 brood stock killing unit, made in Australia by 
SeaFood Innovations.  The unit is operated by an air compressor at 135 PSI.  When a fish 
enters the front of the device, the fish’s snout contacts a trigger, which then sends a piston 
strike down on the head and immediately after that, a gate drops which allows the fish to 
pass.  In the Atlantic Salmon industry, the device is usually set up so fish will pass down 
a flume and contact it, then continue on.  For our spawning operations, we simply picked 
up a ripe fish and pushed it in the killing unit and then let it go and the fish passed into 
the spawning area. The time from trigger contact to the fish passing through is fast, 
perhaps a second or so.  

 
Our tests involved the use of only one machine so we passed the females through, 

which worked well.  However, since we only had one unit, for males we pushed the 
males in until the unit triggered and then pulled them out and put them in another holding 
area for spawning.  In our tests, we found that for large chinook, the piston strike on the 
head was too far forward and we had to strike the fish two to three times.  After we 
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installed a longer trigger, the response was much improved and now think that we can 
pass the larger males through without having to hit them more than once.  We were 
satisfied with our tests with one machine and have ordered enough machines so that each 
of 10 hatcheries will have two, one for males and one for females. Costs of the machines 
run from $8,200 to $9,800 each depending on quantity.    
 
 
 
Carbon dioxide Stunner Device and Sorting Table used with An Adult Fish Pump 
 

In the last several years, survival of hatchery coho and chinook has been quite 
good and returns to hatcheries have been large.  Recently, the Lewis River Hatchery had 
100,000 coho salmon return to the facility and our Soos Creek Hatchery will exceed 
50,000 fish this year. These large returns have forced many of our facilities to become 
fish processing plants where a couple thousand fish are needed for broodstock and the 
rest are surplused to a buyer.   
 

Methods of processing fish varies by facility. An efficient method of handling and 
sorting adult broodstock can be found at the Cowlitz Salmon Hatchery where adult fish 
are mechanically crowded into an anesthesia, then moved via conveyor belt to a table 
where they are sorted and then sent on their way, either to be spawned, surplussed, or 
returned to the holding ponds.  However, most hatcheries don’t have this kind of 
infrastructure and usually just have a gravel pond. To expedite the surplussing process 
and possibly reduce the labor and injury claims associated with lifting large numbers of 
fish, we acquired five adult fish pumps from Innovative Marine Products ($60,000 per 
unit, Nova Scotia).  These have worked well, one hatchery was able to harvest and 
process 20,000 chum in one day.   
 

However, some hatcheries recruit wild fish which have to be sorted and removed 
from the hatchery population.  We realized that we could not pump adult fish onto a table 
without first using anesthesia.  So, we acquired a CO-2 stunner unit to be used with the 
adult fish pump, also made by Innovative Marine Products ($10,000 cost).  After fish 
were sucked into the adult tank, the CO-2 unit was designed to introduce a high 
concentration of CO-2 to the tank.  Thereafter, the fish were allowed to soak for 3-4 
minutes and then discharged onto a sorting table for handling.   
 

The sorting table is a prototype constructed by hatchery staff, principally Duane 
Knutson, and made from aluminum.  The evaluation of efficacy of anesthesia and sorting 
is currently ongoing but we are hopeful of success.  
 
 
Dewatering trailer used with 6” PRAqua Fish Pump   

 
We have acquired over a dozen 4” Matsusaka fish pumps and they have 

performed well for us.  However, we needed to move large fish such as steelhead smolts 
and rainbow trout onto trucks in a hurry.  So we purchased two 6” Heathro fish pumps 
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from PRAqua (British Columbia).  Based on diameter, the 6” pump can move 225% 
more than the 4” pump.  So far, the pumps have worked well and cost less than the 
Matsusaka pumps.  

 
However, in pumping fish onto trucks, we needed a portable dewatering tower.  

We worked with PRAqua to design a portable trailer that the pump can be mounted on.  
We wanted a trailer so that the pump can used with or without. The trailer has a hydraulic 
lift and dewatering box and other desirable features.  Our evaluation is ongoing at this  
time (late October) but we think the product will be effective. Cost of the trailer is about 
$10,000.  
 
 
Automated Snout Taking Machine 
 
 At this time (late October), the automated snout-taking machine which was 
ordered some months ago has not been received for evaluation.  Components of the 
device include a table to place fish on for measuring, a computerized input unit for data 
such as length, sex, and mark-type, and a saw for removing snouts from fish.  After a fish 
is placed on the table, measured, data is recorded, a saw handle is pulled which removes 
the snout which falls into a chute and plastic bag.  The data unit prints a card which is 
placed in the plastic bag.  The goal of the device is to reduce the hazards and labor 
required in removing snouts.  Cost of the prototype device was $20,000.  
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Abstract: 

We compared the performance of juvenile steelhead Oncorhynchus mykiss produced from untreated 

(UM) and cryopreserved milt (CM) and reared for 4-9 months.  For the 1996 brood, CM alevins were 

heavier (~1.7%, P<0.01) than UM alevins and length was influenced by a significant milt-by-family 

interaction (P<0.03) suggesting a greater treatment effect for some families.  No difference was found in 

length (P=0.65) or weight (P=0.78) for 1997 brood alevins, nor were there differences in percent yolk for 

either brood (P>0.34).  In Growth and Survival Experiment (GSE)-I (1996) treatment groups were reared 

in separate tanks with a full food ration and we found no significant difference in survival (range 84-98%, 

P=0.53), length (P=0.91) or weight (P=0.37).  In GSE-II (1996) and GSE-III (1997) treatment groups 

were reared on a low food ration in the same tank and there was a significant difference in the mean 

length of 1996 brood juveniles (UM>CM, 3-6%, P<0.05), but no other treatment effects.   Cortisol 

responses of milt groups (1996) exposed to acute stress were not significantly different (P=0.19), but 

mean cortisol was significantly greater (P< 0.01) for CM than UM fish exposed to a 48-h stress (increased 

density).  When exposed to three dosages of  V. anguillarum we found similar mortality proportions 

(P=0.72) for UM and CM fish (1996).  Significant performance differences among broods and families 

suggest a cautionary approach to the widespread use of cryopreservation for steelhead and the need for 

further evaluation. 
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Introduction 
 
One method to preserve genetic information among generations is the use of frozen or 
cryopreserved milt.  A number of studies have assessed the influence of cryopreservation 
on sperm motility, sperm viability, and fertilization rates, and most have found moderate 
reductions in at least some of these parameters (Lahnsteiner et al. 1996, Linhart and 
Rodina 2000).  Reductions in sperm quality and fertilization rates are potentially serious 
because they could represent a loss of genetic material in subsequent generations.  
However, these parameters only measure the early life history of fish produced from 
cryopreserved milt and may not accurately represent future performance. 
 
The objective of this study was to compare the rearing performance of juvenile steelhead 
Oncorhynchus mykiss produced from untreated and cryopreserved milt.  We evaluated 
the size and condition of alevins and the size, survival, and sex ratios of juveniles after 
rearing for 4-9 months.  For juvenile growth and survival experiments, we imposed 
conditions at opposite ends of the spectrum with respect to opportunity for growth and 
competitive interactions between fish produced from cryopreserved and untreated milt: 
excess rations with no competition and scarce rations with competition.  To further 
examine performance, we monitored the physiological response to acute and continuous 
(48 h) stress, and survival after fish were challenged by exposure to the bacterium, Vibrio 
anguillaraum. 
 
Methods 
 
Adult steelhead were collected and spawned at Dworshak National Fish Hatchery.  
Incubation and rearing experiments were performed at the Western Fisheries Research 
Center in Seattle, Washington.   
 
Steelhead were spawned in 1996 and 1997 using gametes collected from 12 female and 
12 male steelhead in each year.  Untreated milt (UM) was sealed in plastic bags 
containing oxygen (1996), or placed in foam cups (1997).  Eggs were placed in plastic 
bags and both gamete types were stored on ice prior to spawning.  After all gametes were 
collected, cryopreserved milt (CM) was created by mixing half of the milt from each 
male with extender at a 3:1 ratio (Wheeler and Thorgaard 1991).  The straws were then 
submerged in liquid nitrogen and stored for approximately 2-3 hours prior to spawning.   
 
Cryopreserved milt was thawed by placing straws in a water bath at 5�C for 90 s.  
Experimental crosses were made following cryopreservation and methods varied slightly 



between years.  After fertilization, the eggs were water hardened in 75 ppm iodophore, 
rinsed, and counted into separate watertight plastic containers to create replicate CM or 
UM groups of 150 eggs each.  Thus, for each family there were four containers of eggs, 
two from CM and two from UM.  Collecting gametes, freezing and thawing milt, and 
making the crosses spanned about eight hours.   
 
Eggs were reared in vertical incubators (F.A.L. HeathTM) at an average water 
temperature of 12�C.  For each family, CM and UM embryos were randomly placed into 
adjacent compartments and positions (left or right side) in two separate trays.  At eye-up, 
remaining live eggs were counted, and percent eye-up was calculated for each family and 
densities were equalized.  When 95% of the embryos hatched, five alevins from each 
compartment were euthanized and preserved in 10% buffered formalin.  Fry were 
transferred to tanks for subsequent experiments when yolk-sac absorption was nearly 
complete in early May, 1996 and 1997.  Preserved alevins were measured and weighed 
and their yolks dissected and weighed after 90 d of storage. 
 
Growth and survival experiments were conducted in 114 L circular tanks using water 
maintained at 12-13�C and 3.8 L/min.  Fish were hand fed for about two weeks, after 
which automatic feeders provided food daily.  Fish were fed moist pellets at 0.5 times the 
amount recommended by the feed manufacturer (low ration) or 1.5 times the 
recommended amount (high ration). Ration (percent of tank biomass/d) decreased as fish 
grew, but the high ration averaged 4.5% and the low ration 1.5-1.6% over the course of 
the experiments.  All fish in each tank were weighed 2-3 times per month and the amount 
of feed was adjusted accordingly.  Tanks were monitored daily to remove mortalities. 
 
Growth and Survival Experiment I (GSE-I) – The effect of cryopreservation with no 
competition was tested by rearing CM and UM groups from the 1996 brood for 130 days 
in separate 114 L tanks.  Three CM and three UM groups were created by stocking 180 
CM fry or 180 UM fry into one of six tanks (10 fry from each compartment, density = 1.6 
fish/L).  Fish were fed the high ration.  In this and all other experiments, treatments were 
randomly assigned to tanks and all fish were individually measured and weighed when 
the experiment was terminated.   
 
Growth and Survival Experiment II (GSE-II) – We allowed competition between 1996 
brood steelhead by rearing CM and UM groups in the same tank for 210 days.  In each of 
two 114 L tanks we stocked 180 CM and 180 UM fish (10 fry from each compartment, 
density = 3.2 fish/L).  Fish in this experiment were fed the low ration and were marked 
with ventral fin clips.  
 
Growth and Survival Experiment III (GSE-III) - We repeated GSE-II using the 1997 
brood, but increased the number of tanks to create four replicates and reared the fish for 
313 days.  We also examined the gonads from a subsample of fish collected at the end of 
the experiment to determine sex ratios. 
 
Response to stress - Steelhead from GSE-I were used to test the null hypothesis that 
hormone cortisol responses of UM and CM steelhead subjected to an acute stress or a 48-



hour continuous stress were similar.  To determine baseline cortisol five fish were 
sampled from control tanks at all test times.  In the acute stress experiment fish from two 
replicate CM and two replicate UM groups were stressed by netting all fish out of the 
water for 1 min, and returning them to the tank and monitoring the cortisol response for 
the next 24 h (five fish per time period).  In the 48-h stress experiment fish were tested in 
16 tanks (0.3 m diameter) to produce two replicate CM groups and two replicate UM 
groups.  Stress was created by stocking either 6 CM or 6 UM fish in each tank and 
reducing the water volume to 3.0 L for 48 h (depth = 4.3 cm).  To measure cortisol, five 
fish were randomly sampled following stress initiation.  Fish were quickly netted, 
euthanized, and measured for fork length and weight prior to collecting blood.  Plasma 
was removed from the blood cells and frozen at -70� C, placed on dry ice and then 
stored at -80�C until cortisol was measured by enzyme-linked immunosorbent assay 
(Munro and Stabenfeld 1984)  
 
Disease challenge – We tested the performance (percent mortality) of UM and CM 
steelhead when fish were challenged by exposure to a salmonid pathogen, V. 
anguillarum.  Randomly selected fish from the 1996 brood were acclimated before being 
challenged and fish from each milt treatment were reared in two replicate tanks (114 L) at 
three dosages for a total of 12 tanks.  Steelheads were exposed to V. anguillarum (strain 
7.75; Walter et al. 1983) for 10 min via immersion in water at three dosages: high = 2.4 x 
108, medium = 2.4 x 107, and low = 2.4 x 106 viable cells ml-1.  Mortalities were 
counted and measured each day and remaining live fish were counted and measured at 
the termination of the experiment on 5 March 1997.  
 
Results 
 
Survival to eye-up was significantly greater for UM than CM embryos for both broods 
(Table 1).  The milt x family interaction was significant for both broods (P<0.01) 
indicating variation among families in milt treatment effect; however, for all families, 
survival to eye-up was greater when UM was used.  For the 1996 brood, CM alevins were 
slightly longer and heavier than UM alevins (Table 1) and there was a significant milt x 
family interaction for length (P=0.03). The interaction arose because the length advantage 
of CM over UM alevins was only present in some families (Figure 1) and only significant 
in one family (1042) after adjusting for multiple comparisons (P=0.03).  Mean length and 
weight were similar between UM and CM alevins from the 1997 brood, as was percent 
yolk for both broods (Table 1).  
 
 
Table 1.  Mean (SD) eye-up and growth characteristics for steelhead alevins prior to use 
in growth and survival experiments.  Within columns and experiments, means with 
different letters indicate a significant difference (P�0.05) between milt treatments 
(UM=untreated milt, CM=cryopreserved milt; N=number of family groups for survival to 
eye-up and number of fish for alevin measurements). 
  Survival to   Alevin 
Brood Milt eye-up   Length Weight Yolk 
year treatment N (%)  N (mm) (mg) (%) 



         
1996a UM 18 96.1 ( 3.5) a  90 28.8 (0.6)a 19.1 (1.5)a 3.5 
(1.9)a 
 CM 18 67.9 (12.1)b  90 28.9 (0.5)b 19.5 (1.4)b 3.5 
(1.5)a 
         
1997 UM 18 88.2 (16.4)a  90 28.4 (0.6)a 20.1 (2.0)a 3.8 
(0.8)a 
 CM 18 59.1 (17.4)b  90 28.5 (0.8)a 20.1 (1.8)a 3.6 
(1.1)a 
aThere was a significant milt-by-family interaction for length (P=0.03) 
 
In GSE-I there were no differences in survival, length, or weight between UM and CM 
steelhead (Table 2).  At the end of GSE-II, UM fish were significantly longer and 
marginally heavier (P=0.08) than CM fish, but had similar percent survival (Table 2).  
Survival, length, and weight (Table 2) and the percentages of females and males (P=0.49) 
were similar between milt treatments in GSE-III. 
 
Figure 1.  Mean (�SE) length of alevins produced from untreated and cryopreserved 
milt, 1996 brood, N=10 for each mean. 
 
 
Table 2.  Mean (SD) values for steelhead in growth and survival experiments (GSE) I-III.  
Within experiments, means with different letters indicate a significant difference 
(P�0.05) between milt treatments.  (UM=untreated milt, CM=cryopreserved milt; N = 
number of tanks for survival data or number of fish measured for length or weight at the 
completion of each experiment). 
           
    Survival      
Experiment Year   N %  N Length (mm) Weight 
(g)  
           
GSE I 1996 UM  2 90.0 (6.7)a  486 113.7 (14.6)a 17.6 
(7.6)a  
  CM  2 93.5 (7.4)a  505 113.8 (14.2)a 18.0 
(7.4)a  
           
GSE II 1996 UM  2 65.6 (3.2)a  236 90.2 (18.9)a 9.1 
(6.6)a  
  CM  2 63.9 (0.8)a  230 86.4 (15.9)b 7.9 
(5.5)a  
           
GSE III 1997 UM  4 62.9 (13.9)a  453 120.2 (22.4)a
 19.5 (11.0)a  
  CM  4 59.4 (16.3)a  428 119.8 (22.0)a 18.9 
(10.8)a  



Cortisol responses of  UM and CM groups varied between experiments.  In the 48-h 
experiment, cortisol was consistently greater for CM than UM fish (Figure 2, P=0.03) at 
all sampling times (P=0.69, milt x time interaction).  Cortisols of fish from both groups 
were greater than control fish at all comparable times (P=0.83).  In comparison, in the 
acute stress experiment, cortisols were similar between milt treatments (P=0.19) at all 
times (P=0.56, milt x time interaction).  Cortisols of acutely stressed fish were greater 
than controls at time = 1,  but were similar to values for control fish at later sampling 
times (3, 5, 10, and 24 h post-stress).   
Figure 2.  Mean (�SE) cortisol response of juvenile steelhead produced from untreated 
and cryopreserved milt and subjected to 48-hour stress.  Each bar represents the mean of 
two tanks,  
N= 5 fish per mean. 
  
 
 
There were no differences in percent mortality between UM and CM fish exposed to 
three dosages of V. anguillarum (Table 3).  Days to death were also similar for fish that 
died during the experiment (P=0.71).   
 
 
Table 3.  Mean (SD) percent mortality of juvenile steelhead produced from untreated and 
cryopreserved milt that were exposed to Vibrio anguillarum via a 10-minute immersion.  
Within V. anguillarum concentrations there were no significant differences in mean 
values of fish produced from untreated or cryopreserved milt (P>0.05).  N represents 
number of tanks for each milt treatment. 
 
Vibrio concentration (cells/ml)  
N  Untreated 
     milt  Cryopreserved 
      milt 
Low (2.4 x 106) 2  59.8  (27.0)  71.0 (10.0) 
Medium (2.4 x 107) 2  89.2  (  0.8)  87.9 (12.7) 
High (2.4 x 108) 2  92.4  (  6.9)  92.9 ( 3.3) 
 
In summary, the performance of juvenile steelhead produced from untreated and 
cryopreserved milt indicated variability between broods and experiments.  Clearly, 
cryopreservation had an effect on the performance of the 1996 brood as we found 
performance inequalities between milt treatments at several experimental stages.  As 
alevins, CM steelheads were longer and heavier than UM steelhead and cryopreservation 
appeared to have a greater effect on some families than others.  After extended rearing at 
low rations in a competitive environment UM juveniles were significantly longer (4%) 
than CM juveniles (GSE-II).  Moreover, during a 48-h stress challenge cortisol responses 
were significantly greater in CM than in UM fish.  In comparison, there was no evidence 
that cryopreservation affected performance of the 1997 brood.  The different results 
obtained in experiments GSE-II and GSE-III may have been caused by genetic variability 
between broods.  Sperm traits can vary significantly among males (Babiak et al. 1997, 



Gage et al. 2002) suggesting that the susceptibility of sperm to cryopreservation effects 
can also fluctuate.  Juveniles from one or two families could have produced the 
differences we observed for the 1996 brood; however, we were unable to follow family 
effects in the growth and survival and stress challenge experiments.  We propose a 
cautionary approach to the widespread use of cryopreservation for producing steelhead 
and recommend that future research beyond the early rearing stage is needed to evaluate 
the use of cryogenic sperm.  This is especially true for salmonids that live for short 
periods in the freshwater environment.  For these fish performance related to juvenile 
migration success, seawater competence, and other diseases may be affected by milt 
cryopreservation.  Another direction for future research is to determine if differences 
occur only in some years, within certain families, or if the responses of cryogenically 
produced fish can be predicted or managed.   
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Extended Abstract 
Operation of any ground water supply well requires constant monitoring and occasional 
rehabilitation in order to optimize long term performance and yield.   Naturally occurring 
bioactivity and natural water chemistry in the well and surrounding aquifer is impacted 
by the operation of the well and the frequency of regular maintenance activities.   Failure 
to carefully monitor well performance often results in declining yield and reduced well 
capacity.   
 
The well rehabilitation technologies available for water supply wells in the Northwest 
include chemical, mechanical and impulse generation.  Since ground water chemistry is a 
critical factor in the operation of most water supply systems, it is often the choice of well 
owners to avoid the use chemical rehabilitation technologies if possible.  If chemical 
treatment is required, limit it to only those chemicals that minimize changes in water 
chemistry and are tailored to the specific biofouling problem.  Recent university research 
on well rehabilitation technologies has provided additional understanding to which 
technologies are most effective. 
 
In Germany, strict environmental laws related to ground water quality have resulted in 
the development and enhancement of non-chemical well rehabilitation technologies.  The 
City of Berlin’s water supply comes exclusively from 900 wells.  The City has developed 
and maintained a very aggressive research and development program on well 
performance monitoring, operation, and maintenance over the past 50 years.    Pigadi 
GmbH is a subsidiary company within Berliner Water Group, the former City of Berlin 
Water Bureau.  They have developed a unique and successful approach to optimizing 
long term well performance. 
 
Some of the most effective non-chemical rehabilitation technologies used to maintain the 
Berlin well system includes impulse generation devices in conjunction with other 
traditional mechanical methods.  These technologies are similar to some used in the 
United States but with some significant differences and improvements based on the 
experience with the large Berlin well field.  The key differences involve the careful 
documentation of long term performance to allow early identification of declining well 
yield and detailed rehabilitation processes designed specifically for each well.  The 
application of the Berlin well field experience to northwest supply wells offers an 
excellent approach to optimizing long term performance of these systems. 
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Introduction 
Limited techniques are currently available for the determination of sexual maturity and 
gender, however all are either invasive or untested at the early stages required for this 
project.  Techniques used to assess maturity status and/or gender include ultrasound and 
the use of an endoscope (Ankrush and Petervary, 1998).  Ultrasound requires a relatively 
large machine and is dependent upon the ability of the technician to perform the 
assessment.  Also, while developing ovaries are relatively distinct, segregation of 
maturing males from immature fish is more difficult the earlier the fish are examined.  
Chemical changes, which may be noted by near infrared spectroscopy, may occur earlier 
than morphological changes observed by ultrasound.  Hormones may be analyzed in 
blood or mucus samples, but samples must be analyzed by a laboratory (Schreck and 
Moyle, 1990). Therefore, the results are not immediate and fish stress is increased due to 
additional handling.  Moreover, blood samples are invasive and may result in death.  
Endoscopic examinations through a slit in the body cavity or anus have met poor success 
in being able to distinguish somatic from gonadal tissue.  External examination of 
maturation and/or secondary sexual characters is possible some time after the fish have or 
should have arrived in freshwater. 
 
Near infrared (NIR) spectroscopy has been widely applied in the food industry and shows 
potential for application in biological systems.  In the 700 - 1100 nm wavelength range, 
second and third overtones of the OH, CH, and NH vibrational transitions are detected in 
addition to combination bands from other types of vibrations (Weyer, 1985). Because 
near infrared light can travel over long path lengths and can be implemented in a non-
destructive approach by using fiber optics, it is possible to illuminate a fish through the 
skin and scales and obtain chemical information on the muscle composition.  An 
additional advantage is that spectra can be rapidly acquired with scan rates of the order of 
milliseconds.   
 
In previous studies we verified that Short Wavelength Near Infrared (SW-NIR) can detect 
chemical differences between egg and testis tissues (Hampton et al., 2002).  Moreover, 
our fiber optic probe can effectively sample the underlying gonadal tissues.  The best 
sampling site for spectral acquisition is one inch posterior to the left pectoral fin 
attachment. 



In this study SW-NIR spectroscopy and Soft Independent Modeling of Class Analogy 
(SIMCA) were used to develop a non-invasive method to classify females versus males 
and mature versus immature salmonids.  
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Introduction 
 
Limited techniques are currently available for the determination of sexual maturity and gender, 
however all are either invasive or untested at the early stages required for this project.  
Techniques used to assess maturity status and/or gender include ultrasound and the use of an 
endoscope (Ankrush and Petervary, 1998).  Ultrasound requires a relatively large machine and is 
dependent upon the ability of the technician to perform the assessment.  Also, while developing 
ovaries are relatively distinct, segregation of maturing males from immature fish is more difficult 
the earlier the fish are examined.  Chemical changes, which may be noted by near infrared 
spectroscopy, may occur earlier than morphological changes observed by ultrasound.  Hormones 
may be analyzed in blood or mucus samples, but samples must be analyzed by a laboratory 
(Schreck and Moyle, 1990). Therefore, the results are not immediate and fish stress is increased 
due to additional handling.  Moreover, blood samples are invasive and may result in death.  
Endoscopic examinations through a slit in the body cavity or anus have met poor success in 
being able to distinguish somatic from gonadal tissue.  External examination of maturation 
and/or secondary sexual characters is possible some time after the fish have or should have 
arrived in freshwater. 
Near infrared (NIR) spectroscopy has been widely applied in the food industry and shows 
potential for application in biological systems.  In the 700 - 1100 nm wavelength range, second 
and third overtones of the OH, CH, and NH vibrational transitions are detected in addition to 
combination bands from other types of vibrations (Weyer, 1985). Because near infrared light can 
travel over long path lengths and can be implemented in a non-destructive approach by using 
fiber optics, it is possible to illuminate a fish through the skin and scales and obtain chemical 
information on the muscle composition.  An additional advantage is that spectra can be rapidly 
acquired with scan rates of the order of milliseconds.   
 
In previous studies we verified that Short Wavelength Near Infrared (SW-NIR) can detect 
chemical differences between egg and testis tissues (Hampton et al., 2002).  Moreover, our fiber 
optic probe can effectively sample the underlying gonadal tissues.  The best sampling site for 
spectral acquisition is one inch posterior to the left pectoral fin attachment. 
In this study SW-NIR spectroscopy and Soft Independent Modeling of Class Analogy (SIMCA) 
were used to develop a non-invasive method to classify females versus males and mature versus 
immature salmonids.  



 
Methods 
 
Samples 
 
Captive brood Chinook salmon from brood years 1998 - 2001 were provided by the Bonneville 
Fish Hatchery, Cascade Locks, OR and Manchester Marine Lab (National Marine Fishery 
Service), Manchester, WA. Both Bonneville and Manchester captive brood sampled were 
established from Catherine Creek, Grande Ronde River, and Lostine River stocks. We collected 
all of our spectral data over a period of two months during the spring of 2003.  On April 9th, 
2003, 374 fish were spectrophotometrically scanned at Manchester Marine Lab. An additional 
927 fish were sampled on April 16th , 17th and June 2nd, 2003, at Bonneville Fish Hatchery. 
 
 
Spectroscopic Method 
 
All SW-NIR spectra were recorded using a customized spectrophotometer developed by 
DSquared Development, Inc., La Grande, OR.  The probe features four tungsten bulbs placed 
concentrically around a fiber optic detector bundle.  All measurements were recorded in diffuse 
reflectance mode.  The fiber-optic probe was placed in direct contact with the submerged fish 
(Figure 1). 
 

 
Figure 1.  The optical probe used in this study and the experimental setup at the Bonneville Fish 
Hatchery. 
 



 
Spectra Acquisition 
 
At the hatcheries, the salmon were anesthetized with Methanetricane Sulfonate (MS 222).  
Following an ultrasound scan, the fish were transferred individually to a large plastic tote with 
fresh water so that the NIR scan could be acquired during fish recovery.  Spectra were acquired 
on the submerged fish.  The probe was placed approximately one inch posterior to the left 
pectoral fin attachment for spectral acquisition (Figure 1). 
 
Data Analysis   
 
Data analysis was performed using Delight 3.2 software package (DSquared, Inc. La Grande, 
OR).  All spectra were binned by 2 data points and smoothed using a 12 nm wide gaussian 
function.  A second derivative transform with a 12 point gap was employed.  Correlations 
between spectral data, maturity, and sex status were calculated using Principal Component 
Analysis (PCA) and Soft Independent Modeling of Class Analogy (SIMCA).  SIMCA is 
implemented by performing a  Principal Component Analysis (PCA) of each different group of 
samples that are to be distinguished and identified.  The PCA model of each group is optimized 
independently.  Classification is then performed by comparing an "unknown" with the PCA 
model for each group, and assigning it to the group that it matches best (Eriksson, 2001). 
 
Results 
 
Spectral Features of Salmon 
 
Figure 2 shows representative spectra of mature males and females as well as immature Chinook 
salmon.  These spectra, recorded through skin and scales, show that major chemical differences 
are observable between these two categories.  Mature female fish exhibit a pronounced lipid 
band at approximately 930 nm while differences in water content between the two categories can 
be observed at 760 and 840 nm.  These results are consistent with spectral differences previously 
observed directly on ovarian and testis tissues. 
 



 
Figure 2.  Second derivative of mature (red) and immature (green) fish. 
 
SIMCA Classification 
 
SIMCA models were developed to segregate mature from immature and male from female fish.  
In order to determine the optimal analysis parameters that yielded the best model for maturity 
classification, an investigation was conducted in which the number of latent variables and the 
threshold value were systematically varied.  The robustness of the model was assessed by its 
ability to correctly classify mature and immature fish.  The results of this systematic 
investigation are summarized in Figure 3.  Four latent variables and a threshold value of 2.0 were 
chosen as the optimal parameters for analysis.  This yielded the best model under hatchery 
practices that can correctly classify approximately 70% of the mature fish and 86% of the 
immature fish.  A similar investigation was also conducted to identify the best parameters for the 
determination of sex.  The best results were achieved when building a model based on four latent 
variables and a threshold value of 2.0. 
 



 
Figure 3.  SIMCA Investigation varying latent variables and threshold values. 
 
In order to improve the accuracy of our method, we explored the use of a second model to 
further analyze misclassified fish that exhibit less pronounced spectral differences.  A 
comparison of results achieved by using a one-model versus a two-model approach for maturity 
classification is presented in Table 1.  In this approach a model based on maturing fish was first 
built using four latent variables and a threshold value of 2.0.  This model was used to predict the 
maturity status of all fish in the data set.  After the initial prediction, all correctly classified 
samples were removed from the data set and a second model based on immature fish was 
developed using two latent variables and a threshold value of 2.0.  This approach allowed a much 
more accurate classification with 97% of all immature fish and 92% of all maturing fish correctly 
classified.  This same strategy was used to classify gender with 95% of all male fish and 96% of 
all female fish correctly classified.  Table 2 summarizes the gender classification results achieved 
using a one-model versus a two-model approach.   
 



    
Table 1.  Summarizes the maturity classification results comparing a one-model �versus a two-
model approach. 
 

 
Table 2.  Summarizes the gender classification results comparing a one-model �versus a two-
model approach. 
 
Conclusions 
 
Our experiments confirm that NIR spectroscopy can accurately classify maturity and gender 
status in salmonids.   The success of the two-model approach in the SIMCA classification is 
justified by the fact that fish comprising the data set display a wide range of developmental 
stages.  Fish that display distinct spectral and thus chemical features have a greater leverage on 
the model and prevent further distinction of less pronounced features. 
The next stage of this research project will be to test the validity of the two-model approach in 
classifying maturity and gender in a real time application during sorting of fish. 
The non-invasive near infrared method will represent a major improvement over the current 
segregation method by visual inspection used to sort fish prior to spawning.  In addition, the 
performance of the near infrared method is comparable to ultrasound which is currently being 
tested by fish biologists of the Oregon Department of Fish and Wildlife.  However ultrasound is 
limited by the ability of the operator to correctly identify gonadal features while the near infrared 



method is based on statistical differences of spectral bands and therefore provides a more 
objective assessment tool. 
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Introduction 
 
Ultrasound imaging is a rapid, non-invasive and accurate way of determining the sex and 
reproductive development of live fish.  Ultrasonic waves produce images of the size, shape, 
location, and density of soft tissues within biological organisms.  Ultrasound technology is an 
identification method that has been used in aquaculture and fisheries research since the early 
1980s (Martin et al. 1983, Reimers et al. 1987, Shields et al. 1993, Blythe et al. 1994, Arkush 
and Petervary 1998).  Ultrasound studies conducted by Reimers et al. (1987) on adult rainbow 
trout (Oncorhynchus mykiss) were able to distinguish the sex of specimens 5 months prior to 
spawning with 100% accuracy.   Similarly, an ultrasound examination conducted on striped bass 
(Morone saxatilis) was able to identify the sex of fish with 100% accuracy throughout the entire 
reproductive cycle (Blythe et al. 1994).  In addition to sex identification, ultrasound can also be 
used to distinguish immature from mature specimens based on the size of the gonads (Blythe et 
al. 1994, Arkush and Petervary 1998, Evans et al. 2004).  Fish with large, well-developed gonads 
were readily identifiable as being mature relative to the small gonads (or lack of gonads) in 
immature specimens.   
 
We used ultrasound imaging to determine the maturational status of Spring chinook salmon (O. 
tshawytscha) being held at the Bonneville Fish Hatchery in Cascade, Oregon and at Manchester 
Research Station, Port Orchard, Washington.  Fish used in this study are part of the Oregon 
Grande Ronde Basin Captive Broodstock Program and are currently listed as Threatened under 
U.S. Endangered Species Act. Early determination of maturational status via ultrasound imaging 
may greatly reduce the number of handlings and stress to which these fish are subjected.  
Furthermore, early determination will allow maturing saltwater fish to be transferred to 
freshwater in a timely manner, thus reducing osmoregulatory stress.  Lastly, early segregation of 
immature and mature fish from this program may permit fish culturists and researchers to better 
plan for spawning by implementing spawning matrices to preserve the genetic diversity.  The 
intent of this poster and manuscript is to explain the basic principles of ultrasound imaging and 
provide data on the accuracy of ultrasound imaging for the Oregon Grande Ronde Basin Captive 
Broodstock Program. 
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Introduction 
 
Ultrasound imaging is a rapid, non-invasive and accurate way of determining the sex and 
reproductive development of live fish.  Ultrasonic waves produce images of the size, shape, 
location, and density of soft tissues within biological organisms.  Ultrasound technology is an 
identification method that has been used in aquaculture and fisheries research since the early 
1980s (Martin et al. 1983, Reimers et al. 1987, Shields et al. 1993, Blythe et al. 1994, Arkush 
and Petervary 1998).  Ultrasound studies conducted by Reimers et al. (1987) on adult rainbow 
trout (Oncorhynchus mykiss) were able to distinguish the sex of specimens 5 months prior to 
spawning with 100% accuracy.   Similarly, an ultrasound examination conducted on striped bass 
(Morone saxatilis) was able to identify the sex of fish with 100% accuracy throughout the entire 
reproductive cycle (Blythe et al. 1994).  In addition to sex identification, ultrasound can also be 
used to distinguish immature from mature specimens based on the size of the gonads (Blythe et 
al. 1994, Arkush and Petervary 1998, Evans et al. 2004).  Fish with large, well-developed gonads 
were readily identifiable as being mature relative to the small gonads (or lack of gonads) in 
immature specimens.   
 
We used ultrasound imaging to determine the maturational status of Spring chinook salmon (O. 
tshawytscha) being held at the Bonneville Fish Hatchery in Cascade, Oregon and at Manchester 
Research Station, Port Orchard, Washington.  Fish used in this study are part of the Oregon 
Grande Ronde Basin Captive Broodstock Program and are currently listed as Threatened under 
U.S. Endangered Species Act. Early determination of maturational status via ultrasound imaging 
may greatly reduce the number of handlings and stress to which these fish are subjected.  
Furthermore, early determination will allow maturing saltwater fish to be transferred to 
freshwater in a timely manner, thus reducing osmoregulatory stress.  Lastly, early segregation of 
immature and mature fish from this program may permit fish culturists and researchers to better 
plan for spawning by implementing spawning matrices to preserve the genetic diversity.  The 
intent of this poster and manuscript is to explain the basic principles of ultrasound imaging and 
provide data on the accuracy of ultrasound imaging for the Oregon Grande Ronde Basin Captive 
Broodstock Program. 
 
Methods 
 
Principles of Ultrasonic Imagining-. Ultrasound imaging uses the principles of sound velocity to 
construct digital images of soft biological tissue. Ultrasonic waves (acoustic energy ranging from 
1-10 MHz) are produced by the expansion and contraction of piezoelectric crystals that line the 
inside of the ultrasound probe or transducer. The ultrasound waves produced from the transducer 



pass through the target (in our case a fish) at various speeds and angles.  As the ultrasonic waves 
penetrate the tissue, the sound is reflected, scattered, or absorbed.   The receiving waves or 
echoes are then amplified and passed through a digital converter that displays the image on the 
ultrasound monitor.  The resolution of the image is dependent on the type of transducer used, 
with transducer’s operating at a higher frequencies (e.g., 7.5 MHz) providing greater resolution 
than transducer’s operating at a lower frequencies (e.g., 5.0 MHz).  The disadvantage of using 
high frequency transducers is that they not capable of penetrating deep into the fish’s body 
cavity. Conversely, transducers operating at lower frequencies are capable of deep penetration 
depths, thereby imaging a large proportion of the fish’s body cavity. Ultrasound images also 
denote difference in tissue density or what is often referred to as tissue echogeneity (product of 
sound velocity through the tissue).  These differences are depicted on the ultrasound monitor as 
black and white color shades and can be grouped into two basic categories; hypoechoic and 
hyperechoic.  Hypoechoic tissues are characterized as fluid filled, non-dense structures that 
appear black on the ultrasound monitor, while hyperechoic tissues are characterized as dense, 
reflective tissues that appear white on the ultrasound monitor.   
 
Imaging Methods-.  We use a portable ultrasound machine, equipped with a 7.5 MHz liner probe, 
to determine the maturational status and sex of chinook salmon from the Captive Broodstock 
Program.  Fish were subjected to ultrasound imaging 6 months prior to spawning, a time period 
when secondary sexual characteristics are rarely evident.  The examination consisted of gently 
placing the ultrasound probe along the fish’s abdomen and then moving the probe along the 
abdominal surface to view the organs (in most cases, looking for the presence of gonads).  
Ultrasound classification of maturational status was based on the size, density (hyperechoic 
versus hypoechoic), and location of gonads within the body cavity.  Those fish with well 
developed ovaries or testes were classified as “mature”, while fish lacking detectable gonads 
were classified as “immature”.  Fish classified as mature by ultrasound were placed in a separate 
holding tank and artificially spawning in September.  Those fish determined to be immature were 
placed back into their original holding tanks to continue somatic growth and reproductive 
development.  Since all program fish were individually tagged with Passive Integrated 
Transponder tags (PIT tag), we were able to determine the accuracy of ultrasound appraisals by 
comparing the ultrasound classified maturational status with the actual spawning status of the 
fish (as determined during spawning).  
 
 
Results and Discussion 
 
Ultrasound Examinations-. We found the best ultrasound images could be obtained if the fish 
were inverted and scanned from the pectoral to pelvic fins. The ultrasound imaging of visceral 
organs (e.g., liver, spleen, pyloric caeca, and gallbladder) served as ultrasound “landmarks” for 
locating the gonads.  Identification of these visceral organs was an important first step because 
these structures were always present, regardless of a fish’s sex or reproductive development.  
Figure 1 correlates salmon anatomy with diagnostic ultrasound images and illustrates the 
“landmark” organs found in all salmon.   
 



Liver

Gall Bladder
Spleen Pyloric

Ceca

Intestine

 
 
Figure 1: Photograph of salmon anatomy (below) and cross-sectional ultrasound images (above) 

showing the spleen (upper right), digestive tract (upper middle), liver and gall bladder 
(upper left).  

 
 
Mature males and females were easily identifiable with ultrasound imaging relative to immature 
fish based on the size, density, and location of gonads within the body cavity (Figure 2).  Mature 
females were characterized by the presence of highly reflective, hyperechoic (white colored) 
ovaries running the length of the body cavity (Figure 2).  In fact, ultrasound resolution was so 
high that individual oocytes could be discerned within the ovary of maturing females.  Mature 
males were characterized by the presence of two fluid filled, hypoechoic (black colored) masses 
located just underneath the fish’s digestive track (Figure 2). Similar to ovaries, testes were often 
relatively long structures running parallel to the body cavity.  Immature specimens were 
characterized by lack of gonads but similar to mature fish visceral organs were evident (Figure 
2).  
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Figure 2: Cross-sectional ultrasound images of a typical immature salmon (left), maturing female 

(middle), and maturing male salmon (right).   
 
 
The size and echogeneity or density of gonads changed over time, with gonads becoming more 
pronounced in the body cavity near the time of spawning.  A good example of this is the 
developmental size of testes in salmon.  In late March (6 months prior to spawn) the testes of a  
chinook salmon appear as small, hypoechoic masses lying against the kidney and can only be 
trace for a few inches at the anterior end of the body cavity (Figure 3).  In late May (4 months 
prior to spawn) the testes have grown to fill most the anterior end of the body cavity and taper 
off as they continue posterior to the vent.  The testes have also lightened or become slightly more 
hyperechoic in coloration, a result of spermogenesis.  
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Figure 3:  Cross-sectional ultrasound images showing the developmental changes in testes size 

and echogeneity in male spring chinook in March relative to May.   



Ultrasound Classification Results-. We examined 3,306 chinook salmon over the course of three 
spawning seasons in the Captive Broodstock program.  Ultrasound examination was done 3 to 6 
months prior to spawning.  In total, ultrasound correctly classified the maturational status 
(immature versus mature) and sex (male versus female) 90.7 % and 97.8% of the time, 
respectively (Table 1).  The accuracy of ultrasound classification increased from March/April to 
May as gonads became more pronouced, and thus more recongnizable, in maturing individuals. 
Overall, results illustrate that ultrasound imaging is a highly accurate way of classifing 
maturational status in Spring Chinook months prior to spawning.   
 
 

  Percent correctly assigned 
Year and Date Sex Maturity 
2001    
 May 99.6 100 
2002    
 March/April 95.5 78.7 
 May 97.3 94.2 
 Average 96.1 83.9 
2003    
 April 96.4 89.8 
 May/June 100 97.5 
 Average 99.6 91.1 

Overall Average 97.8 90.7 
 
Table 1:  Classification accuracy of ultrasound imaging in Spring Chinook Salmon from the 

Grande Ronde Basin Captive Broodstock Program, 2001-2003.  True maturation status 
was determined during Fall spawning and directly compared to the ultrasound predicted 
maturation apprasial.  
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Abstract 
 
Atlantic salmon (Salmo salar) gametes were either stored separately at 3, 4, 6, 8, 9, and 
12 ˚C or eggs were fertilized (i.e. gametes combined and water activated) and stored at 8 
˚C.  In both methods storage duration intervals ranged from 6 to 72 hours.  Comparison 
of egg survival as a function of storage method, temperature, and duration showed 
significant differences, which will help fish culturists make choices to optimize egg 
survival when transporting gametes under various conditions.  Storage of fertilized 
Atlantic salmon eggs at 8 ˚C showed no significant decrease in eyed egg survival for up 
to 72 hours (P=0.260), with the caution that mechanical shock sensitivity of eggs may 
affect egg survival for this method of storage. For practical purposes it is recommended 
that storage of Atlantic salmon gametes can safely be done at 3 ˚C for up to 48 hours with 
no expected loss in viability (P<0.001). 
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Abstract 
 
Atlantic salmon (Salmo salar) gametes were either stored separately at 3, 4, 6, 8, 9, and 12 ˚C or 
eggs were fertilized (i.e. gametes combined and water activated) and stored at 8 ˚C.  In both 
methods storage duration intervals ranged from 6 to 72 hours.  Comparison of egg survival as a 
function of storage method, temperature, and duration showed significant differences, which will 
help fish culturists make choices to optimize egg survival when transporting gametes under 
various conditions.  Storage of fertilized Atlantic salmon eggs at 8 ˚C showed no significant 
decrease in eyed egg survival for up to 72 hours (P=0.260), with the caution that mechanical 
shock sensitivity of eggs may affect egg survival for this method of storage. For practical 
purposes it is recommended that storage of Atlantic salmon gametes can safely be done at 3 ˚C 
for up to 48 hours with no expected loss in viability (P<0.001). 
 
Introduction 
Salmonid fish culturists have studied short-term gamete and fertilized egg storage for many years 
(Billard and Jensen 1996; Jensen and Alderdice 1984); with the general consensus that lower 
temperatures and short storage durations will improve egg survival.  This study was undertaken 
to simulate the two methods of storage generally used by the Atlantic salmon farming industry in 
British Columbia, Canada.  The most common method is to store and transport gametes 
separately from the spawning site to the incubation facility, followed by typical salmonid egg 
fertilization procedures.  The second method is to fertilize eggs at the spawning site and ship 
them in containers with water to the incubation facility.  Both of these methods are affected by 
temperature and storage duration.  In addition, the second method also can be influenced by 
mechanical shock sensitivity, which starts to increase soon after fertilization.  Mechanical shock 
sensitivity of Atlantic salmon eggs was studied and reported elsewhere in these proceedings 
(Sweeten 2004) but was not included as a factor in the tests reported in this paper.  By storing 
gametes at 3 to 12 ˚C or fertilized eggs at 8 ˚C for periods of 6 to 72 hours, we hoped to 
determine optimum conditions for storage and transport. 
 



Methods 
Atlantic salmon (Salmo salar) eggs and milt for this 2 year study were obtained from the Stolt 
Sea Farm freshwater broodstock site near Beaver Cove (i.e. Tsultan) on the northeast coast of 
Vancouver Island, British Columbia, in November, 2002 and in November and December, 2003. 
 
Gamete Storage Experiment 
Gamete storage experiments were conducted in 2002 and 2003. In both years sub-samples of 
eggs (i.e. about 1000 eggs from each female) were pooled from 10 females (i.e. about 400 ml 
eggs into 3 500-ml plastic containers; 1 container for each storage temperature) while milt was 
pooled (i.e. at least 10 mls from each male) from 6 males in 2002 and from 10 males in 2003 (i.e. 
10 ml milt into a Whirl-Pak; 1 Whirl-Pak for each storage temperature).  In 2002, the 3 storage 
temperatures used were 3, 6, 9 °C, while in 2003, the storage temperatures used were 4, 8, and 12 
°C.  Initially, the containers of gametes were placed in 3 insulated storage boxes, each with ice 
packs or water used to approximate one of the 3 storage temperatures for the 5-hr trip to the 
Pacific Biological Station (PBS), Nanaimo, British Columbia.  Here, the containers of gametes 
were placed in computer-controlled water baths set to the 3 test storage temperatures.  At storage 
times of 6, 12, 24, 48, and 72 hr post-spawning (time zero was set at the time when the last 
gamete sample was obtained from the spawners; total spawning time was about 1 hr), samples of 
about 100 eggs per replicate (i.e. 3 replicates in 2002 and 4 replicates in 2003) were gently 
removed from each storage temperature and were fertilized with 0.3ml milt per replicate.  Eggs 
were placed in divided compartments in a Heath Techna vertical flow incubator tray, with water 
at 8˚C, and egg survival to the late eyed stage was determined. 
 
Fertilized Egg Storage Experiment 
From the same pooled eggs and pooled milt used in the gamete storage experiment above, a total 
of 15 (in 2002) and 20 (in 2003) 500-ml containers of pooled eggs (i.e. 20 ml or about 100 eggs 
per container) were each fertilized with 0.5 ml of pooled milt and activated with freshwater at 
approximately 8 ˚C.  After one minute, water was decanted and 500 ml of clean freshwater was 
used to top-up the containers, which were then sealed with a plastic lid.  All containers were then 
placed in an insulated box and transported to PBS where the containers were removed from the 
transport box and placed in Heath Techna vertical flow trays with flowing water at 8 ˚C.  At 6, 9, 
12, 18, and 24 hour intervals (in 2002) and at 6, 12, 24, 48, and 72 hour intervals (in 2003), 3 
replicate containers (in 2002) and 4 replicate containers (in 2003) were removed from the 
vertical flow trays and the eggs were poured into divided compartments in a Heath Techna 
vertical flow tray at 8 ˚C.  During all stages of storage and transport, eggs were carefully handled 
to minimize the impact of mechanical shock.  Egg survival to just prior to hatch was determined. 



 
Results 
Gamete Storage Experiment 
Eyed egg survival was determined for each storage temperature and duration and is tabulated in 
Table 1. 
 

Storage 
Time 
(hr) 

Replicate 2002 2003 

  4 °C 
eyed 
egg 

survival 
(%) 

8 °C 
eyed egg 
survival 

(%) 

12 °C 
eyed 
egg 

survival 
(%) 

3 °C 
Egg 

Survival 
(%)   
Dec  

6 °C 
Egg 

Survival 
(%)    
Nov  

6 °C 
Egg 

Survival 
(%)    
Dec  

9 °C 
Egg 

Survival 
(%)   
Nov  

6 °C 
Egg 

Survival 
(%)   
Dec  

6 1 65.5 88.7 83.6 80.0 72.9 86.5 76.2 78.9 
6 2 71.0 82.5 88.4 81.3 77.3 82.4 69.7 82.2 
6 3 83.3 90.0 77.9 79.9 77.7 77.6 73.9 77.2 
6 4    77.9 79.2 84.4 77.9 74.6 

12 1 88.5 89.4 94.0 82.9 69.9 86.4 74.7 83.6 
12 2 88.1 96.1 90.7 79.3 67.3 84.8 71.1 89.7 
12 3 85.9 95.5 83.5 86.5  82.2 75.4 82.1 
12 4    66.7 74.0 78.2 81.9 77.1 
24 1 70.2 85.0 61.1 74.1 70.9 91.5 68.1 75.2 
24 2 81.5 94.3 55.1 80.5 69.3 86.9 60.4 80.0 
24 3 63.6 86.8 61.6 76.3 74.7 89.6 71.7 73.6 
24 4    77.3 68.2 82.0 70.0 84.8 
48 1 63.9 82.6 19.1 78.4 53.6 78.6 41.9 56.7 
48 2 50.9 89.3 7.7 77.1 63.9 76.2 58.5 56.0 
48 3 64.4 86.9 14.9 82.2 55.8 72.0 38.2 61.0 
48 4    70.7 55.8 67.7 44.1 61.9 
72 1 75.3 42.1 0.0 53.8 42.0 44.8 40.9 37.4 
72 2 75.0 43.6 0.0 56.5 39.2 51.4 32.4 19.4 
72 3 68.8 54.2 0.0 46.0 44.1 60.7 36.0 28.3 
72 4    65.2 41.0 47.4 45.6 26.1 

Table 1.  Atlantic salmon eyed egg survival after separate gamete storage at 3 to 12 °C for storage intervals of 6 to 
72 hr, from experiments conducted in 2002 ( 3 replicates) and in 2003 (4 replicates). Note, in 2003 repeated tests 
were conducted in Nov. and Dec. 

The eyed egg survival data in Table 1 were modeled for each storage temperature to yield the 
linear regression equations listed in Table 2. 
 

Storage 
temperature 

(˚C) 

Linear equation R2 N 

3 Y = -0.3228x + 84.073 0.568 20 
4 Y = -0.1663x + 78.448 0.1514 15 
6 Y = -0.5019x + 85.949 0.6916 40 
8 Y = -0.5883x + 99.527 0.6745 15 
9 Y = -0.7063x + 85.749 0.8405 40 

12 Y = -1.4369x + 95.730 0.9348 15 

Table 2. Linear regression model coefficients for eyed egg survival (%) versus separate gamete storage duration (hr) 
at 3, 4, 6, 8, 9, and 12 °C. 



To visually illustrate the effect of storage temperature and duration, the data in Table 1 were also 
plotted in Figure 1, with the linear regression lines for 3, 9, and 12 ˚C included to emphasize the 
increase in rates of decline of gamete viability at higher storage temperatures. 

y(3 °C) = -0.3228x + 84.073
R2 = 0.568

y(9 °C) = -0.7063x + 85.749
R2 = 0.8405

y(12 °C) = -1.4369x + 95.73
R2 = 0.9348
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Figure 1.  Atlantic salmon eyed egg survival (%) for gametes stored at 3 to 12 °C from 6 to 72 hours.  Three linear 
regression relationships (i.e. at 3, 9, and 12 °C) are included. 
 
In addition, each of the linear regression equations in Table 2 were used to calculate 50 % egg 
survival, which yielded the following log-linear relationship 
 
y(time to 50 % egg survival; Lnhr) = -0.3504x(˚C) + 5.5875; R2 = 0.8038; n=6 Eq. 1 
 
To calculate 90% egg survival, only the 8 and 12 °C equations (Table 2) were used, since all 
other equations could not properly predict 90 % survival, due to the generally lower egg survival 
of Atlantic salmon eggs.  The equation for this relationship is as follows:- 
 
y(time to 90 % egg survival; Lnhr) = -0.1563x(˚C) + 5.4091; R2 = 1; n=2  Eq. 2 
 
A comparison of Atlantic salmon egg survival and chum salmon (Oncorhynchus keta) gamete 
storage times to 50 and 90% fertilization success (FS) (Jensen and Alderdice 1984) was made in 
Fig. 2.  This comparison indicates similar trends for the 2 species, with Atlantic salmon gametes 
showing a more rapid loss in egg survival than chum salmon gametes. 
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Figure 2.  Time to 90 and 50% egg survival (Atlantic salmon) and fertilization success (chum salmon) for gametes 
stored from 3 to 12 °C. 



 
Fertilized eggs storage Experiment 
Eyed egg survival was determined for each storage temperature and duration and is tabulated in 
Table 3. 
 

  2002 2003 
Storage 

Time (hr) 
Replicate Eye egg 

survival (%) 
Eyed-egg 

survival (%) 
"Outlier" Eyed-
egg survival (%) 

6 1 80.0 80.2  
6 2 80.7 78.6  
6 3 81.9 79.1  
6 4  71.7  
9 1 82.6 
9 2 81.8 
9 3 76.2 

12 1 86.3 73.9  
12 2 81.0  29.5 
12 3 66.1  28.7 
12 4  79.2  
18 1 80.6 
18 2 84.5 
18 3 85.6 
24 1 82.6 74.2  
24 2 82.5  17.8 
24 3 80.5  40.9 
24 4  75.9  
48 1  71.6  
48 2  62.6  
48 3   29.5 
48 4  79.0  
72 1  84.0  
72 2  78.2  
72 3  78.3  
72 4  78.2  

Table 3.  Atlantic salmon eyed egg survival (%) for fertilized eggs stored at 8 °C for durations of 6 to 72 hr in 2002 
and 2003.  Note the "outlier" data with low survival, possibly caused by mechanical shock or unknown incubation 
problems. 

The data in Table 3 were plotted in Fig. 2, and indicates that, with careful handling and 
incubation, newly fertilized Atlantic salmon eggs can be safely stored in water at 8 ˚C (i.e. 20 ml 
eggs in 500 ml water) for up to 72 hr with no apparent decrease in egg survival. 
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Figure 3.  Atlantic salmon eyed egg survival after fertilized egg storage at 8 °C for 6 to 72 hr. A group of 5 data 
points were considered outliers, likely affected by mechanical shock or unknown incubation problems. 
 
Discussion 
Storage of Atlantic salmon gametes at temperatures ranging from 3 to 12 ˚C for storage intervals 
of up to 72 hours yielded typical decline in viability, indicated by eyed egg survival, as storage 
temperatures increased and for longer periods of storage duration.  This is evidenced by the 
general increase in negative slopes of the linear regression equations with increased storage 
temperature (Table 2 and Fig. 1).  The 90 and 50% eyed egg survival log-linear relationships (i.e. 
Eq. 1 & 2) when plotted for each storage temperature showed similar trends to those reported for 
chum salmon by Jensen and Alderdice (1984).  The comparison (Fig. 2) of the 2 species 
indicated that stored Atlantic salmon gametes decline in viability more rapidly than chum salmon 
gametes at all storage temperatures and durations.  For practical purposes it is recommended that 
storage of Atlantic salmon gametes can safely be done at 3 ˚C for up to 48 hours with no 
expected loss in viability (i.e. ANOVA of 3˚C gamete storage eyed egg survival data from Table 
1 showed no significant difference P<0.001 up to 48 hr). 
 
Storage of fertilized Atlantic salmon eggs at 8 ˚C showed no significant decrease in eyed egg 
survival for up to 24 hours in 2002 (i.e. P=0.724; data in Table 3) and for up to 72 hours in 2003, 
with 5 outlier data points excluded (see Fig. 3), (i.e. P=0.260; data in Table 3).  The need to 
exclude the outlier data points, with reduced survival occurring due to factors other than storage 
temperature and duration, emphasizes the greater risks associated with this method of storage.  
Hence, this method of storage is considered inferior to storing gametes separately.  In 



conclusion, based on the results of this study, it is recommended that the best method of short-
term storage of Atlantic salmon is to store gametes separately, cooled to 3 ˚C. 
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Abstract 
In general, hatchery rearing conditions tend to discourage the expression of inherent 
variation in life history and developmental strategies typical of wild salmonids. Hatchery 
fish reared according to a predetermined time-and-size of release program grow faster 
and emigrate earlier than wild fish, with potential effects on age at maturity, reproductive 
investment, and ultimately, the genetic representation of a cohort in succeeding 
generations. 
 
At present, the NMFS program for captively rearing endangered Redfish Lake Sockeye 
salmon is being adaptively managed to encourage the development of wild-like attributes 
in both smolts and breeding adults. Preliminary results of work on the relationship 
between growth history during the early phases of freshwater rearing, age-at-maturation, 
and reproductive success of captive Redfish Lake sockeye salmon broodstocks are 
discussed.  
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Abstract:   
 

PCBs are the legacy of industrial pollution that started in the 1920’s and continued to the 
1970’s when their production was largely banned.  They accumulate in the environment, 
especially the marine environment and from here enter the food chain.  PCBs are passed 
up through the food chain, concentrating as they go up. Due to their widespread presence 
in the environment, it is inevitable that all wild and cultured fish, and other food products 
especially those sourced high up in the food chain, will contain trace amounts of PCBs 
and other chemical contaminants that exist throughout the food chain.  Even so, levels of 
PCB contamination in the environment are decreasing and so are the amounts that we are 
exposed to in our diets.  The UK Food Standards Agency reports that levels of PCB and 
dioxin contamination of food in 2001 were 1/7 of 1982 levels and these levels continue to 
decrease.   
 
While the January 2004 Science (Hites et al.) report created headlines, the values for all 
samples (wild and farmed) were not within 1/40 of the allowable levels set by the United 
States Food and Drug Administration.  Levels set by the FDA are based on analysis of 
the risks and health benefits of a particular food.  These differ from the Environmental 
Protection Agency limits for fish which are developed for sustenance users who may eat 
large quantities on a daily basis.  Findings in the Science report are consistent with 
previous studies and have not changed the dietary intake recommendations for salmon of 
the US FDA, US Institute of Medicine, UK Food Standards Agency, and Health Canada.    
 
Fish feed manufacturers recognize the importance of ensuring feeds contain low levels of 
PCBs and other contaminants and work to minimize contamination through 1) product 
and raw material monitoring 2) raw material choices, for example plant-origin proteins 
and oils 3) monitoring geographic and seasonal fluctuations in fish oil and meal and 4) 
ongoing research on raw material cleaning to minimize/eliminate contamination. 
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Introduction – What are PCBs? 
 

PCBs (polychlorinated biphenyls) are often grouped together with dioxins and furans.  They 
are all contaminants in the environment which may enter the food chain and may have effects 
on human health.  Each of the three groups actually contain a series of compounds, which 
differ in the slightly in the molecular structure and content. 
 
PCBs have a generalised chemical structure shown in Figure 1.  While 209 congeners (types) 
are possible, only 130 have been regularly manufactured commercially.  Each is given a 
distinct number, e.g. PCB28. 
 
There are two main groupings of PCBs which are often studied: those identified by the World 
Health Organisation (WHO) and those by the International Council for the Exploration of the 
Seas (ICES).  The ICES group covers 7 congeners commonly found in the environment and 
are seen as markers of the degree of contamination, while the WHO group covers 12 
congeners which are recognised as having dioxin-like properties with respect to impacts on 
human health (van den Berg et al 1998).  Only one of the ICES-7 PCB’s (118) has dioxin-like 
properties. The congeners in these groups are listed in Table 1. 
 
 

 
Figure 1:  The general PCB molecule with 10 possible positions 

for chlorine substitution (all except 1 and 1’). 
 
 
 

ICES 7 WHO Dioxin-like 12 
PCB 28, 52, 101, 118, 138, 
153, 180 

PCB 77, 81, 126 and 169 
(non-ortho PCBs) 
PCB 105, 114, 118, 123, 156, 
157, 167, and 189  
(mono-ortho PCBs) 

 
Table 1:  PCB congeners in the major groupings studied (SCAN 2000). 

Note PCB 118 appears in both lists. 
 
 

 
 



 
What are the Sources of PCBs? 
 
PCBs are entirely man made products and have been produced commercially under various 
product names such as Aroclor, Clophen and Kanechlor. These products are PCB mixtures 
containing various congeners and have been used in various technical applications.  They 
have been used widely by industry since the 1920’s (NRC 2001). 
 
Today, PCBs are widely spread despite the fact that most countries have now banned their 
production.  They are largely present in transformers and capacitors built before the ban, 
where they were used as dielectric fluids, but also in building material, carbon-less copy 
paper, lubricants, surface coatings, adhesives, plasticizers, and inks among other uses.  PCBs 
may still be manufactured in Russia and North Korea and therefore, PCBs may be entering 
the environment both in those countries and in other countries that buy their PCB-containing 
products (Carpenter, 1998; NRC, 2001). 
 
The marketing and use of PCBs has been very restricted in the EU through Directive 
85/467/EC, and some European countries, such as Sweden, had even banned the use of PCBs 
as early as 1973.  In 1977, their further production was banned in the United States, while 
their use under derogation could continue.  An international convention, the Stockholm 
Persistent Organic Pollutants Convention, currently in negotiation, aims to ban the production 
and use of PCBs worldwide. 
 
PCBs enter the environment through their deliberate or accidental dumping or through 
disposal of goods containing them.  They may be dispersed by air or water movements and 
while little is known of their breakdown and ultimate fate in the environment, studies are 
showing their accumulation in sediments where they have settled. 
 
As a result of the dispersion by air, environments which contain high concentrations of these 
compounds are not just those in industrial areas.  Studies of persistent organic pollutants 
(POPs) have shown high concentrations in colder polar regions, which although they may 
look pristine are where the pollutants fall out and enter the soil and water from the air (Ross 
and Birnbaum, 2001). 
 
PCBs Into the Food Chain 
 

PCBs come from industrial sources.  They are distributed from these sources in the air and 
then collect in water and sediments, especially in the marine environment where run-off 
results in their collection.  They are taken up into the food chain from the environment by 
animals low in the food chain which absorb the compounds or ingest them accidentally. 
 
Once in the food chain, they are passed up through animal fats.  Thus they tend to accumulate 
at the top of the food chain.  Due to their tendency to accumulate in the marine environment, 
there are higher concentrations of the compounds in marine animals, increasing to the highest 
levels in top marine predators which accumulate them through the fats in their diets. 
 
Figure 1 shows how the compounds can move through the food chain to humans. Due to the 
nature of their accumulation in the environment, marine animals tend to have higher 
concentrations of the compounds, especially as the top of the food chain is approached. 
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Figure 1:  Flows of PCBs from the environment to humans (after NAS 2003). 
 
 
Units of Measurement of PCBs 
 

Both PCBs and dioxins are present in feeds and foods in very small concentrations.  
However, there have been a variety of ways of studying them and a variety of reporting 
methods.  This has been done either through different conventions, or deliberately in some 
cases to make the data look more worrying.  It is important to look closely at the data 
presented to understand what is being reported.  The different methods are shown below. 
Note:  Care must also be taken to see whether the measurements are given as a proportion of 
the wet weight, dry matter or fat.  This has varied greatly in the literature, though the general 
consensus now is to measure fish as wet weight. 
 
Total PCBs or Dioxins 
The total concentration of these contaminants is normally presented in mg/kg or ppm (parts 
per million).  Expected values for fish or fish based raw materials may range from 0.001 to 
5.0 mg/kg.  They can also be presented as µg/kg or ng/g or ppb (parts per billion).  In this 
case they would range from 1 to 5,000µg/kg.  Higher levels may be seen in some samples. 
 
ICES 7 PCBs 
The total concentration of these marker PCBs is normally presented in mg/kg or ppm as well.  
Expected values for fish or fish based raw materials would range from 0.001 to 5.0 mg/kg.  
They can also be presented as µg/kg or ng/g or ppb (parts per billion).  In this case they 
would range from 1 to 5,000µg/kg.  Higher levels may be seen in some samples. 
 
WHO 12 dioxin-like PCBs or Toxic Dioxins 
The total concentration of these PCBs is expressed as a toxic equivalent (TEQ), a figure 
based on the relative toxicity of each of the individual congeners compared to the most toxic 
dioxin congener known and their concentration.  This is a much lower concentration than the 
total PCBs and is generally expressed in ngWHO-TEQ/kg or pgWHO-TEQ/g (which are 
identical).  Values for these in fish or the fish based raw materials may range from 0.001 to 
5.0 ngWHO-TEQ/kg normally.  Higher levels may be seen in some samples. 
 
 

 
 



To put some idea of the scale of these concentrations: 
How much is one in a million? 

1 in 1,000,000 
Less than 1 drop of a chemical (0.25ml) in a bathfull (about 200 l) of water 

 
How much is one in a billion (ng/g)? 

1 in 1,000,000,000 
about one drop of water in nine full water trucks 
about one pinch of salt in ten tons of potato chips 

 
How much is one in a trillion (pg/g)? 

1 in 1,000,000,000,000 
 about one drop (0.5ml) of a chemical in 1,000 Olympic-sized swimming pools 

 
1mg/kg = 1µg/g 
1µg/kg = 1ng/g 
1ng/kg = 1pg/g 

1mg/kg = 1,000µg/kg = 1,000,000ng/kg 
or 1µg/g = 1,000ng/g = 1,000,000pg/g 

Also: 

 

Health Impacts of PCBs 
 

For PCBs, a substantial amount of available epidemiological data originate from studies in 
workers occupationally exposed to PCBs. The studies reported thus far do not clearly support 
a causal association for PCBs and human cancer.  Study limitations and inconsistent findings 
among studies cause inconclusive results.  Based on animal carcinogenicity data, both 
International Agency for Research on Cancer and the United States Environmental Protection 
Agency classified PCBs as probably carcinogenic to humans (CCFAC, 2000). 
 

In summary, there are many biological and toxic effects reported for the group of PCBs, but 
these are generally not accepted as conclusive. However, some PCB congeners may adopt a 
planar 'dioxin-like' chemical structure and have been found to resemble TetraCDD (the most 
toxic of the dioxin congeners) in its biochemical and toxicological properties.  These effects 
include endometriosis, developmental neurobehavioral (cognitive) effects, developmental 
reproductive (sperm counts, female urogenital malformations) effects and immunotoxic 
effects. It has also been shown to be carcinogenic in several species at multiple sites, 
although short-term studies have shown a lack of direct DNA-damaging effects, illustrating 
that TetraCDD is not an initiator but a promoter of carcinogenesis.  So once a cancer has 
started, TetraCDD will speed it up. 
 

Other PCBs elicit effects that are probably not or only partly related to a dioxin-like 
mechanism of action (van den Berg et al., 1998).  Reviews of the risk of these congeners to 
human health is being carried out currently by the WHO and the European Commission 
(http://www.who.int/pcs/docs/consultation_%20pcb.htm ), but the results of this are not 
expected until 2004 (WPCC 2003).  A review of the risks and benefits of eating oily fish 
(including salmon) is also being carried out the UK Food Standards Agency (FSA).  For a 
much fuller review of the impact of PCBs on human health, see SCF (2000). 
 

As a consequence of the toxic effects similar to dioxins, the WHO has recommended a 
methodology for assessing the toxicity of the PCB congeners with similar actions to 
TetraCCD.  A scalar is given for each of the 12 dioxin-like congeners, which is known as the 
toxic equivalent factor (TEF).  This factor calculated from the toxicity of the congener 

 
 



compared to 2,3,7,8 TetraCDD, the most toxic of the dioxins.  Multiplying the concentration 
of each congener by its TEF results in the toxic equivalent (TEQ), which allows the total 
toxicological impact of the 12 dioxin-like PCBs to be assessed by adding all the individual 
TEQs.  The result is generally expressed as ngWHO-TEQ/kg.  Table 2 shows the TEFs for 
each of the dioxin-like PCB congeners. 
 

Congener TEF  Congener TEF 
77 0.0001  123 0.0001 
81 0.0001  156 0.0005 
126 0.1  157 0.0005 
169 0.01  167 0.00001 
105 0.0001  114 0.0005 
118 0.0001  189 0.0001 

Table 2:  The different TEFs for PCB congeners as calculated by van den Berg et al (1998). 
 
 
Legislation 
 

Country Legislation (L) 
or Guideline (G) 

PCBs 

Austria1  None 
Belgium1 L ICES 7, 75µg/kg 
Canada2 G Total PCBs: 2,000µg/kg 

Denmark1  None 
Finland1  No longer in force 
France1 L ICES 7, 200µg/kg fat 

Germany1 L 80µg/kg individually for PCB 28, 52, 101 and 
180 and 100µg/kg for PCB 138 and 153 

individually 
Greece1  None 
Ireland1  None 
Italy1  None 

Luxembourg1  None 
Portugal1  None 

Spain1  None 
Sweden1 L 100µg/kg total 

The 
Netherlands1

L ICES 7: 600µg/kg broken down as: PCB 28  
= 100µg/kg, PCB 52 = 40µg/kg, PCB 101  
= 80µg/kg, PCB 118 = 80µg/kg, PCB 138  
= 100µg/kg, PCB 153 = 100µg/kg, PCB  

180 = 120µg/kg 
UK1  None 

US FDA3 L Total PCBs:  2000µg/kg 
1  European Commission Report on non-dioxin-like PCBs (2003) 
2 http://www.inspection.gc.ca/english/anima/fispoi/guide/chme.shtml 
3  NAS (2003) 
 
Table 3:Summary of guidelines and legislation in different countries for PCBs. 

 

 
 



As a result of the recognised potential for impact on human health, there are legislations or 
guidelines on the concentrations of dioxins in human feeds or the animal feeds and their raw 
materials.  This is normally limited to just the 17 dioxin congeners which have recognised 
toxic impacts. With PCBs the story is more complicated.  There is general agreement that 12 
congeners have a toxic impact (the WHO recognised 12). However, some countries feel that 
there is a real risk from the remaining congeners. Some therefore have set limits on the total 
level of PCBs, while others have set limits on certain marker congeners (Table 3). 
 

This difference in approaches has led to different reporting of data between countries, making 
comparisons of concentrations in foods and feeds difficult. The impact of non-dioxin-like 
PCBs is under review both by the WHO and the European Commission, but the results of 
these reviews are unlikely to be available before the end of 2004 and no changes in legislat-
ion are expected before then, although provisional maxima could be discussed within the EU.  
However, the feeling is that until the results of the reviews are completed, it would be 
incorrect to apply legislation to the nondioxin-like PCBs (B.Walters, pers. comm. UK Food 
Standards Agency, 2003).  
 

PCBs in Cultured Salmon 
 

Research has shown that dioxins and PCBs are both readily taken from the diets by the fish.  
Work part funded by some of the feed companies confirmed that the level of the dioxins and 
PCBs in the feed controlled the concentrations found in the fish.  This also showed that 
substitution of fish oil with vegetable oils greatly reduces the amount of PCBs in the feed and 
thus in the fish flesh.  Additional reduction of dioxins and PCB’s can be achieved by 
selecting marine feed resources with relative low levels of these substances, or by technical 
removal of dioxins and PCBs from marine oils, although this technology is still in the 
developmental stage.  
 
Data from two published reports have been compiled (Figure 2).  These reports are that of the 
UK Ministry of Agriculture, Food and Fisheries covering fish caught in 1996 (MAFF 1998) 
and the Environmental Working Group (EWG 2003) covering fish caught in 2002 and are 
shown in Figure.  From this limited data set, it can be seen that there has been a drop in the 
concentrations in farmed fish over the 6 years.  This is to be expected due to a general 
decrease in the level of the contaminants in the food supply (FSA 2003) and also changes in 
feed raw materials for farmed salmonids reducing the general burden in the feed. 
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Figure 2:  Dioxin-like PCBs from farmed salmon (MAFF 1998; EWG 2003). 

 
 



 
Regular monitoring of raw materials and finished feed for PCBs is carried out by the feed 
companies, although this is not required by law in the EU.  This is showing that the levels in 
the raw materials are within those found in previous reports (SCAN 2000) and that little has 
changed in the contamination levels of the fish based raw materials since the publication of 
those reports.  However, the change in choice of raw materials used for the diets, driven by 
the legal requirement to ensure maximum dioxin concentrations in raw materials and finished 
feeds, has also led to a decrease in overall contaminant burdens, as well as the move to 
increased use of non-fish based raw materials. 
 
 
What is Being Done by Industry? 
 
Monitoring 
 

The feed companies are carrying out a monitoring program, determining the concentrations 
of PCBs in the feed and the raw materials.  This is helping to build the database on the 
contaminants in the raw materials and finished feed.  Through this monitoring program, the 
levels of contaminants can be followed, so that when legislation or guidelines are brought 
forward, the industry will be in a place to comply with them. 

 
 
Raw Material Choices 
 

The raw materials being used for making the feeds are responsible for introducing the PCBs 
into the diet.  Research is being carried out by the feed companies into alternative raw 
materials, especially those of plant origins, which are extremely low in PCB contaminants.  
This will allow blending of raw materials to ensure good fish nutrition will reducing 
contaminant burdens. 

 
Wild Fishery Monitoring 
 

Fish oil and meal producers are carrying out research into the concentrations of 
contaminants in their traditional fisheries.  This is generating information on the 
geographical and seasonal fluctuations in contaminants.  Through this, suppliers and raw 
material purchasers will have the information required to reduce contaminant sources into 
the feed. 

 
Raw Material Cleaning 
 

Research is being carried out into methods of cleaning the fish oils of contaminants.  This 
work is ongoing, but has been shown to have the ability to reduce some contaminants.  
Methods for removing more of the oils from the fish meal are also being investigated.  The 
oil free fish meal will be of much lower PCB concentration as the contaminants are in the 
oils. 

 
 
The Risks / Benefits of Eating Salmon 
 

There are many benefits of eating farmed salmon which are detailed in other publications.  A 
brief summary of some of the effects is shown below (summarised from SQS 2003): 
 

 
 



• Oily fish, including farmed salmon are excellent sources of omega-3 
fatty acids, especially EPA and DHA 

 
• Eating the fish gives a more efficient uptake of these fatty acids than 

by eating oil capsules 
 
• Long term consumption of fish can reduce coronary heart disease by 

25% 
 
• Consumption of fish oils can help change blood fats, including 

reducing cholesterol 
 
• DHA can help with learning in children, increasing concentration and 

having behavioural benefits 
 
• Fish oils can help reduce some cancers, such as prostate cancer, and 

low levels of the oils in the body are also associated with higher risk of 
some cancers, including breast cancer 

 
• Fish oils during pregnancy can reduce the risk of premature birth 
 
• Fish oils can help reduce the impact of osteoporosis and rheumatoid 

arthritis on sufferers 
 
 
When these benefits are balanced with the well known concentrations of PCBs and dioxins in 
the farmed fish, the health organisations still recommend that as part of a healthy diet, two 
portions of fish per week are eaten, at least one of which should be an oily fish such as 
salmon (UK Food Standards Agency, 2003). 
 
In a recently completed review of the risks and benefits of total dietary intake in the United 
States, the Institute of Medicine found that PCB intake should be reduced by controlling 
dietary intake, but that this should be done through reducing intake of animal fats.  The 
benefits of eating oily fish outweighed the risk, even for the most sensitive parts of the 
population (NAS 2003). 
 
Summary 
 
• PCBs are the legacy of industrial pollution running from the 1920’s to the 1970’s when 

their production was largely banned, although their use and release to the environment still 
occurs. 

 
• They accumulate in the environment, especially the marine environment and from here 

enter the food chain. 
 
• They are passed up through the food chain, concentrating as they go up the food chain. Due 

to their widespread presence in the environment, it is inevitable that all wild and cultured 
fish will contain trace amounts of PCBs and other chemicals that exist throughout the food 
chain. 

 

 
 



• PCBs have varied impacts on human health, only 12 of the many PCB types are agreed to 
have toxic properties which are similar to dioxins, hence dioxin-like PCB’s. The exact 
toxicological impact of the remainder is still disputed by world health agencies. 

 
• There is some legislation to control PCBs in feeds and foods, and more is pending in 

Europe, following the results of current reviews of risks and benefits of different foods and 
the health impacts of the contaminants. 

 
• However, health agencies are aware of the current levels of PCBs in feeds and foods after 

various extensive review from 2000 to 2003 in Europe and the United States. 
 
• Health agencies such as the UK Food Standards Agency and the Institute of Medicine in the 

United States still recommend that oily fish are an important part of a healthy diet. 
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Introduction 
Cryopreserved sperm has been collected in the Grande Ronde Basin Captive Broodstock 
Program since 1995 when we found ourselves with maturing 2 and 3-year-old Spring 
Chinook males and no females to spawn them with.  This reserve of cryopreserved sperm 
was first used to fertilize eggs in 1998 when the live males were not yet producing milt 
for the first ripe females of the spawn season. The assumption has always been that (1) 
about 450 eggs can be fertilized with one 0.5 ml straw of cryopreserved sperm and (2) 
that too many straws on a few eggs could be detrimental because the cryopreservant 
material might block the micropyle of the egg.  But were these assumptions correct?   
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about 450 eggs can be fertilized with one 0.5 ml straw of cryopreserved sperm and (2) 
that too many straws on a few eggs could be detrimental because the cryopreservant 
material might block the micropyle of the egg.  But were these assumptions correct?   
 
Methods 
 
Our goal was to find the number of eggs that would yield the highest fertility when 
crossed with a 0.5 ml straw of cryopreserved sperm.  To find this and to test the above 
assumptions, a large amount of sperm was collected and cryopreserved from 6 different 
Chinook salmon males.  Eggs were collected from several Chinook females and pooled 
together.  The eggs were separated into 8 groups of 250, 500, 750 and 1000 each.  Each 
group and its replicate were fertilized with 1 straw, 2 straws, 3 straws or 4 straws of 0.5 
ml cryopreserved sperm from one male.  The entire sequence was repeated with a second 
male.  The egg development was arrested at the four cell stage of division and the eggs 
were then enumerated as to whether fertilization had occurred or not. From this trial we 
found that small batches (250 – 500) of eggs had better fertilities than large batches    
(750 – 1000) no matter the number of straws used to fertilize them.  Consequently we 
took small batches of eggs (250 and 500 each) and used 2, 4, 6 or 8 straws of 
cryopreserved sperm to fertilize them.  Again replicate groups and males were used. 
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Results 
 
Though more trials are needed, the initial results indicate that more cryopreserved sperm 
does indeed yield better fertilities, and extra cryopreserved sperm on the eggs does not 
have a deleterious effect on the fertilities.   
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Overview of the Aquatic Animal Drug Approval Partnership Program’s New 
Website and Newsletter 

 
 
 

Tom Bell and Bonnie Johnson*, U.S. Fish & Wildlife Service, 4050 Bridger Canyon Rd, 
Bozeman, Montana, USA 59715. Tel: (406) 587-9265 Email: thomas_a_bell@fws.gov & 
bonnie_johnson@fws.gov (*denotes author). 
 
  
The U.S. Fish & Wildlife Service’s (Service) Aquatic Animal Drug Approval Partnership 
Program (AADAP) was recently established to assist public and private aquaculture in 
obtaining new animal drug approvals.   The AADAP Program is a partnership between 
the Service and other federal, state, tribal, and private aquaculture entities.  As part of that 
partnership agreement, the Service committed to a leadership role in developing methods 
for the dissemination of current and comprehensive information relating to drug approval 
progress and status.  This presentation briefly describes our efforts: AADAP’s new 
website and quarterly newsletter.  The website and archival newsletters can be found at: 
http://fisheries.fws.gov/aadap. 
 
The AADAP website debuted August 2004 as a “one stop shopping” site for information 
on aquaculture drug approvals and related activities.  Its present configuration is what we 
call Phase 1.  However, we will be constantly striving to improve the site to meet your 
needs.  From the very simplest status of how close we are to a specific new approval, to 
pivotal and supplemental study raw data, to making it easier for you to participate in our 
INAD program, we plan to eventually make it all available.  The site will reflect 
comments received from an earlier questionnaire, but we will always welcome and 
attempt to honor any new suggestions folks might make.  Main features of the website 
include: INAD Fact Sheets, Drug-use Guidance, Forms, About Us, etc. We plan for the 
website to be extremely dynamic and ever expanding.   
 
The AADAP newsletter debuted October 2004 and is meant to be a companion to the 
website.  We intend it to be a “short and sweet” summary of what’s happening in the 
aquatic animal drug approval arena. We promise to try to limit its length to no more then 
three sheets of paper.  This will be a quarterly publication and will include: Breaking 
News, Featured Partner’s Corner, CVM’s Corner, Roz’s Corner, etc. 
 
We hope that the newsletter and website will be complementary and an invaluable source 
of information to you.  Please take a look at our new website and send us your comments, 
suggestions or information to share.  If you would like to receive an electronic copy of 
the newsletter, please e-mail Tom Bell at thomas_a_bell@fws.gov. 
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The Select Area Fishery Evaluation Project 
 

John North, ODFW, Marc Miller, WDFW, Tod Jones, CEDCFisheries, 2001 Marine Dr. Rm 
253, Astoria  97103 Tel: 503-325-6452, E-mail:  tjones@co.clatsop.or.us. 
 
The Select Area Fishery Evaluation Project (SAFE) was initiated in 1993. Funds for the program 
have been provided by the Bonneville Power Administration, Oregon Department of Fish and 
Wildlife (ODFW), National Oceanic and Atmospheric Administration (NOAA), Pacific States 
Marine Fisheries Commission (PSMFC) and fishermen/processor voluntary assessment 
contributions. The joint collaborators are Clatsop County’s Economic Development Council 
Fisheries Project (CEDC), ODFW and the Washington Department of Fish and Wildlife 
(WDFW). The project’s main objective is to create select commercial and recreational fisheries 
that minimize impacts on stocks of salmon that are listed as threatened or endangered.  In 2003, 
CEDC Fisheries Project was selected as one of 150 most innovative intra-governmental projects 
in the United States by the Institute for Government Innovation at Harvard University.  

 
CEDC began releasing fish from earthen rearing ponds in 1977 and added the Youngs Bay net 
pens in 1986, which served as the model for the SAFE program development because of superior 
growth and survival rates of coho released from net pens. With funding from BPA, eight 
additional sites were evaluated during 1993 and 1994 for rearing, access, fisher capacity and 
impacts on other stocks. Impacts on the aquatic environment, as well as test fishing evaluation of 
mesh size, fishing boundaries and harvest potential were conducted from 1994 to 1996. Youngs 
Bay, Blind Slough and Tongue Point in Oregon, and Deep River and Steamboat Slough in 
Washington were selected as the most suitable sites.  

 
In 1993 coho and spring chinook production began. Two stocks of fall chinook; the select area 
bright fall chinook (SAB; which is a Rogue River stock) and upriver bright fall chinook (URB) 
were added in 1994 and 1995 respectively. The coho and spring chinook are reared at ODFW 
and WDFW hatcheries and transferred to net pens in the fall for over-winter acclimation and 
released the following spring. The SABs are released from ODFW’s Klaskanine Hatchery and 
CEDC’s Youngs Bay net pens, and the URBs were released from the Oregon Tongue Point and 
Youngs Bay net pens before they were discontinued in 1999 because of poor returns. Total 
annual releases for all stocks from 1993 to 2004 have ranged from 1.3-4.2 million coho, 0.5 -
1.75 million spring chinook, 0.2-0.63 million URB fall chinook and 0.11-1.4 million SAB fall 
chinook. 
 
Several fish propagation studies were also initiated at participating hatcheries and net-pen sites.  
These include predation avoidance, subsurface feeding, winter dormancy, rearing densities, 
rearing cover, size at release, time of release, net-pen relocation by towing at release, smolt 
condition and migration rates, and adult holding.  Coho smolts towed out of Youngs Bay and 
released near the mouth of the Columbia River have been shown to survive nearly three times 
better than control groups released at the same time from the net-pen rearing site. 
 
Adult survival rates for all SAFE species are comparable or significantly higher than survival 
rates of fish released from upriver hatcheries. Impacts to upriver spring chinook have ranged 
from negligible to about 0.16 percent.  Straying rates have been low except for the SAB fall 



chinook, which resulted in relocating the brood stock program, and all SAB releases now occur 
at Klaskanine Hatchery and Youngs Bay net pens.  
 
Commercial catch of spring chinook has increased from 296 in 1992 to preliminary landings  in 
2004 of 10,906 fish. Annual coho catch between the years of 1993-2003 has ranged from 13,673 
to 117,133.  The average annual release of all SAFE fish accounts for about 3 percent of the 
hatchery smolts produced in the Columbia River Basin. The SAFE non-Indian commercial 
harvest accounts for 48 - 98 percent of the total commercial landings in the Columbia. 
 
Recreational angling has also increased each year. This has resulted in attaining another goal of 
the fishery, which is to maintain a high harvest rate of each run. Surveys of recreational fisheries 
in the river and offshore indicate fish from SAFE releases are caught by over 20,000 sport 
fishers. Coded-wire tag recoveries document a harvest rate of 98.3 percent for coho, 92.0 percent 
for spring chinook, and 96.4 percent for SAB fall chinook runs. The economic value of SAFE 
production to regional fisheries has gone from $492,000 in 1996 to $3.3 million in 2003. The 
SAFE project has been cited as the most cost-effective fisheries enhancement program in the 
entire Columbia River Basin. 

 
The immediate goal for CEDC Fisheries project, as adopted by Clatsop County, is to double the 
number of released smolts at the three Oregon sites. Additional production in Washington is also 
being actively investigated. 



Calcium-sensing Receptor (CaR) Activation Enhances Parr-smolt  
Transformation in Chinook Salmon 

 
T. Linley, D. Russell, M. Betka, J. Nearing and W.H. Harris,  MariCal, Inc. 
 
Abstract  
Na+K+ATPase activity and osmoregulation during smoltification are regulated by 
calcium-sensing receptor proteins (CaRs) that function as salinity sensors. CaR’s bind 
cations and L-amino acids in body fluids and coordinate these signals to physiologically 
remodel salmon for ocean life. In this study, we examined the combined effects of 
various CaR reactive compounds added to the feed and rearing water on hypo-
osmoregulation in juvenile chinook salmon. Fish exposed to CaR reactive compounds for 
a period of six weeks exhibited increased gill Na+K+ATPase activity and hypo-
osmoregulatory ability compared to non-treated fish, comparable to values obtained in 
seawater. Such adaptation reduced osmotic mortality and enhanced feeding upon 
seawater entry. Using CaR reactive compounds to acclimate smolt to seawater before 
release can potentially increase the number and size of returning hatchery salmon 
compared to fish released without such treatment. 
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Introduction  
 
The extracellular Ca2+-sensing receptor (CaR) is a G protein coupled cell surface 
receptor that mediates diverse cellular functions. First identified and functionally 
characterized in mammals, the CaR senses mineral (divalent and polyvalent cations) and 
nutrient (L-amino acids, polyamines) concentrations in extracellular fluids to regulate 
calcium homeostasis through coordinated function of parathyroid and thyroid glands, 
kidneys, bone and intestine (1). Importantly, L-amino acids and polyamines sensed by the 
CaR potentiate its response to cationic mediated activation (2,3).   
 
More recently, the CaR has also been identified as a salinity sensor in fish where it senses 
and allows fish to respond to changes in environmental and plasma concentrations of 
Ca2+, Mg2+ and Na+ that occur in freshwater, brackish water and seawater (4). In salmon, 
CaR’s are present in all key osmoregulatory tissues including the gill (where they co-
localize with Na+K+ATPase on chloride cells), skin, kidney, urinary bladder and 
gastrointestinal tract, as well as olfactory epithelia and in clusters of neurons located in 
the hind brain known to regulate gustation and visceral function. The presence of CaR’s 
in these diverse organ systems suggests that changes in environmental salinity and 
corresponding changes in body water and electrolyte composition in fish may provide a 
molecular signal for coordinated remodeling of the physiological functions that 
accompany parr-smolt transformation.   
 
Based on data from multiple studies of various fish species in our laboratory and findings 
from mammalian research we have developed a novel patented method for enhancing 
smoltification in anadromous salmon produced in hatcheries. This process effectively 
acclimates pre-smolt to seawater while remaining in fresh water. Seawater acclimation of 
hatchery smolt prior to release can significantly increase the number and size of returning 
adult salmon compared to fish released directly from freshwater (5), suggesting that 
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hatchery-origin salmon may benefit from culture techniques that modulate CaR 
expression and function. In southeast Alaska, juvenile river-type chinook salmon are 
often transferred into seawater net pens in the fall to over-winter prior to spring release. 
Although this technique expands hatchery production where rearing space or the supply 
of freshwater are limiting, declining hypo-osmoregulatory ability at this time can also 
result in unacceptably high mortality.  We evaluated the effectiveness of our seawater 
acclimation process to mitigate the loss of hypo-osmotic function for chinook salmon 
cultured under such conditions. The specific objective was to determine if treated salmon 
would experience growth and survival equal to or greater than non-treated fish held in 
either full strength seawater (> 30‰) or in a brackish water (~ 10-20‰) lens  
 
Materials and Methods 
 
The study was conducted at Medveje Hatchery, operated by the Northern Southeast 
Regional Aquaculture Association in Sitka, Alaska using 3 groups of fish: CaR reactive 
compound treated fish (CaR-tr), a control group of fish reared at Medveje Hatchery (MC) 
and a second control group originating from the Medveje hatchery stock but reared off-
site in net pens at Green Lake Reservoir (GLC). Green Lake Reservoir is hydro-electric 
impoundment with a surface area ~ 0.8 km2 located 1 km south of Medveje Hatchery. 
Approximately 1 million age-0 chinook are transferred from Medveje Hatchery to Green 
Lake Reservoir in early June and cultured there until early October when they are 
returned and placed into seawater net pens at the hatchery to over-winter.   
Approximately 295,000 age 0 chinook (Oncorhynchus tshawytscha) salmon held in two 
60m3 raceways supplied with ~ 200 L•min-1 river water were treated with CaR reactive 
compounds added to the feed and rearing water for 6 weeks from mid-August to early 
October 2003. CaR-tr treated fish were provided a 24 hour photoperiod and received 
twice daily exposures of CaCl2 and MgCl2 as per the MariCal process [US Patents 
6,463,883, 6,481,379, 6,475,792, 6,748,900]. Fish were fed commercially available 
MariCal process smolt diet (Corey Feeds, St. George, NB Canada), to satiation at least 3 
times per day. MC and GLC fish were held under ambient light and temperature 
conditions at their respective sites and fed a comparable commercial diet from Skretting.   
 
All groups of fish were sampled at the start of the study and at 3 and 6 weeks afterward 
for gill Na+K+ATPase and blood Na+ and Ca2+ in freshwater and following 24 hour 
seawater challenge.  Following 6 weeks of treatment, the CaR-tr fish were divided and 
transferred to 3 net pens, ~ 36,000 were placed in full strength seawater and the 
remaining 259,000 CaR-tr fish in brackish water.  To provide for a direct comparison of 
CaR-tr treated fish with the best practice production methods, all MC fish (809,000) were 
transferred to brackish water net pens in early October.  At the same time, one group of 
GLC fish (129,000) was transferred to full strength seawater, whereas all remaining GLC 
fish 878,000) were placed into brackish water.   
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Results and Discussion 
 
Freshwater Growth
CaR-tr treated fish grew well during application of the MariCal process increasing from a 
mean (± SE) weight of 12.1 ± 0.3 gm and length of 97 ± 0.7 mm to 16.1 ± 0.3 gm and 
110 ± 0.7 mm, respectively, at the completion of treatment. By comparison, MC fish 
reared under identical conditions at the hatchery were significantly smaller (P<0.001) 
than CaR-tr fish and had a mean weight of 14.7 ± 0.3 gm and length of 104 ± 0.6 mm 
prior to seawater transfer. In contrast, the weight and length of GLC fish increased from 
19.4 ± 0.6 gm and 108 ± 0.9 mm in mid-August to 23.6 ± 0.5 gm and 132 ± 0.9 mm at 
seawater transfer. GLC fish typically experience warmer water temperatures from June 
through September (range 6-15 ºC) than fish reared at Medveje Hatchery (range 6-8 °C) 
and as a result the differences in weight and length at the time of seawater entry were 
significantly greater (P<0.001) in GLC fish compared to either MC or CaR-tr fish.  
 
The distribution of body weight and length from the 200 fish from each group measured 
prior to seawater transfer are shown in Figure 1.  These data illustrate the differences in 
condition factor among groups. The condition factor of the CaR-tr treated and MC fish 
was nearly identical (K = 1.26 ± 0.006 and K = 1.27 ± 0.007 respectively), although both 
were significantly greater (P < 0.001) than the GLC fish (K = 1.02 ± 0.008).   
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Figure 1: Length-weight comparison of treated (red square), MC (blue triangle) and GLC  fish 
(green diamond) immediately prior to seawater transfer.   
 
The appearance of treated fish compared to both the MC and GLC fish immediately prior 
to their transfer to seawater is shown in Figure 2.  Note the lower condition factor of the 
GLC fish compared to the treated and MC groups as displayed in Figure 1. Although a 
lower condition factor such as that observed in the GLC fish is typical of smolting 
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salmon, the data below show that this morphometric characteristic was not associated 
with better hypo-osmoregulatory performance in the GLC group.  
 
Seawater Challenge (24 hr) 
 
Sub-samples of fish (n > 50) from each of the 3 groups were challenged to >30‰ 
seawater for 24 hours to test their hypo-osmoregulatory ability. Only the MC group was 
challenged at week 0, and all fish survived (n=55). At the completion of treatment 6 
weeks later, the survival performance of each group in seawater was evaluated. Survival 
after 24 hours of seawater exposure was 89% (56/63) for GLC fish, 72% for MC fish 
(18/65) and 100% for CaR-tr fish (57/57). These data demonstrate that survival of 
juvenile chinook salmon following direct seawater entry was improved by exposure to 
CaR reactive compounds in the MariCal process.    
 
       CaR treated     MC    GLC  

 
 
Figure 2:  Photograph comparing the appearances of CaR treated fish (left) with MC and GLC 
(right) smolt immediately prior to their transfer to seawater.   Note differences in condition factor as 
described in text.   
 
Plasma Na+ and Ca2+ Concentrations in Freshwater and After 24 hr Seawater Challenge  
In addition to measuring survival after a 24 hour seawater challenge, the hypo-
osmoregulatory ability of each group of fish was also assayed by measuring plasma Na+ 
and Ca2+ concentrations in both freshwater and seawater (24 hr challenge at 30‰). These 
data are shown in Figures 3 and 4. Interestingly, the plasma Na+ concentration in fresh 
water at the start of the trial differed significantly (P < 0.001) between MC (138 ± 7.6 
mMol) and GLC (147 ± 3.5 mMol) fish in freshwater, as did plasma Ca2+ concentration, 
which was more than twice as high in GLC fish (1.40 ± 0.11 mMol) compared to MC 
fish (0.69 ± 0.22 mMol). These differences may have been due to the differences in the 
ambient concentrations of Na+ and Ca2+ in the rearing water at the two sites. Although the 
specific concentrations of Na+ and Ca2+ in rearing water of Medveje Hatchery and Green 
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Lake Reservior were not measured, it is likely that the ionic concentrations of these 
rearing waters do differ since the conductivity of GLC water (~ 65 µS) was greater than 
that at the hatchery (~ 10 µS).  Moreover, although the plasma Ca2+ concentrations of 
MC fish after 24hr in seawater was significantly higher than in freshwater (P < 0.001) at 
week 0, it did not reach the corresponding  elevated plasma Ca2+ concentrations of GLC 
fish in freshwater seawater (see Figure 2).   
 
Measurements of plasma Na+ and Ca2+ were repeated at week 6 immediately prior to the 
transfer of the 3 groups to seawater.  In freshwater, the plasma Na+ concentration of GLC 
fish was slightly (P = 0.03) higher (141 ± 5.3 mMol) than that displayed by either MC 
(138 ± 3.9 mMol) or CaR-tr fish (137 ± 7.6 mMol).  Plasma Ca2+ concentration was also 
elevated (P = 0.002) in GLC fish (0.90 ± 0.18 mMol) in freshwater compared to both the 
MC (0.71 ± 0.14 mMol) and CaR-tr fish (0.74 ± 0.21 mMol) despite having declined by 
nearly 40% from the level observed 6 weeks earlier. 
 
Plasma Na+ and Ca2+ concentrations in fish held in seawater for 24 hr at week 6 were 
again elevated significantly (P < 0.001) in both MC (203 ± 7.9 and 1.22 ± 0.22 mMol, 
respectively) and GLC (183 ± 15.8 and 1.24 ± 0.24 mMol, respectively) fish compared to 
their corresponding values observed in freshwater.  For GLC fish, plasma Na+ and Ca2+ 
increased by more than 30% from concentrations measured in freshwater, whereas the 
plasma Na+ and Ca2+ concentrations for MC fish increased 47% and 71%, respectively, 
after seawater challenge.  In contrast, the plasma Na+ and Ca+2+ concentration in CaR-tr 
fish were only minimally elevated upon seawater challenge at week 6, increasing by only 
about 15% (155 ± 10.5 and 0.87 ± 0.19 mMol, respectively) in comparison to the values 
obtained for these fish in freshwater. Additionally, the plasma Na+ and Ca2+ 
concentrations of the CaR-tr fish held in seawater were significantly lower (P = 0.001) 
when compared to the corresponding values obtained from both the GLC and MC groups. 
These data are consistent with the higher survival of the CaR-tr fish compared to both the 
MC and GLC groups following 24 hour seawater challenge at week 6, and provide 
further evidence that CaR-tr fish possessed an enhanced capacity to hypo-osmoregulate 
prior to seawater entry.    
 
Measurement of Gill Na+K+ATPase Activity 
Increases in the activity of the gill membrane transport enzyme Na+K+ATPase are 
essential for prolonged survival of salmon in seawater and provide a useful indicator of 
hypo-osmoregulatory ability. Modest increases in gill Na+K+ATPase occur prior to 
seawater entry as part of the smoltification process, which is then typically followed by 
larger increases within 2-5 days after seawater entry.  We used an established 
Na+K+ATPase assay technique to compare enzyme activity of gill samples obtained from 
each of the 3 groups of fish held in both freshwater and seawater. 
 
As shown in Figure 5, gill Na+K+ATPase activity (measured as µmol ADP·h-1·mg of gill 
protein) differed widely among the three groups over the course of the trial. Values 
obtained at week 0 for the MC and GLC fish in freshwater were nearly identical, and 
there was only a modest increase in activity of MC fish after 24 hr exposure in seawater. 
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Figure 3: Mean (± SE) plasma sodium concentrations at weeks 0 and 6 (seawater transfer) for the 3 
groups of fish in the trial. Seawater data were obtained after 24 hour challenge test at ~ 31‰.  
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Figure 4: Mean (± SE) plasma calcium concentrations at weeks 0 and 6 (seawater transfer) for the 3 
groups of fish in the trial. Seawater data were obtained after 24 hour challenge test at ~ 31‰.  
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Notably, the low gill enzyme activity observed in the MC fish in both freshwater and 
seawater declined by ~ 50% by week 3 and remained low until seawater transfer in mid- 
October. Similarly, gill Na+K+ATPase activity measured in GLC fish after 24hr seawater 
challenge was also low at week 3, and although the enzyme activity in both freshwater 
and seawater increased slightly at week 6, these values were not significantly different 
from those observed at time 0 (P ≥ 0.3).  
 
In contrast, Na+K+ATPase activity of CaR-tr fish in both freshwater and seawater 
increased continuously during treatment and both were significantly higher than MC and 
GLC fish at the end of the trial (P < 0.001).  The elevated Na+K+ATPase activity in 
CaR-tr fish at week 6 corresponds closely to the low levels of plasma Na+ observed in 
these fish after 24hr seawater challenge. Gill Na+K+ATPase is the major mechanism for 
extrusion of monovalent cations from the plasma while in seawater.   
 
Importantly, the Na+K+ATPase activity exhibited by the CaR-tr fish at week 6 in 
freshwater was not significantly different than the value obtained from these same fish 
following 24hr in seawater (P = 0.11).  These data are consistent with conclusion that 
CaR-tr juvenile salmon can be more fully acclimated to seawater while remaining in 
fresh water.  As a result, they encounter minimal osmotic challenge when transferred to 
seawater as shown in the plasma Na+ and Ca2+ concentration data described above. 
Moreover, the mean enzyme level for the CaR-tr fish in freshwater and seawater was 
approximately triple and double the Na+K+ATPase activity of the MC and GLC control 
fish, respectively.  
 
The effect of the CaR-tr process on the gill Na+K+ATPase activity of juvenile chinook 
salmon is further illustrated when Na+K+ATPase data are expressed in relation to body 
weight (Figures 6 and 7) rather than absolute values of enzyme activity as shown in 
Figure 5. The correlation between enzyme activity and body weight at week 6 was 
significant only for the CaR-tr fish (P = 0.01 and 0.03, respectively for freshwater and 
seawater), which were reared in the same hatchery environment and experienced water 
temperature conditions identical to those of the MC fish. The elevation in gill 
Na+K+ATPase activity present in the CaR-tr fish is even more apparent when compared 
to the larger GLC fish that were cultured in a much warmer water temperature 
environment and as a result were approximately 35% heavier at the time of seawater 
transfer.  When adjusted for the significant difference (P<0.001) in body weight, the 
mean Na+K+ATPase activity per gram body weight (µmol ADP·h-1·mg of gill protein·gm 
body weight-1) of the smaller CaR-tr chinook was nearly three times greater than GLC 
fish in both freshwater (0.37 ± 0.02 and 0.13 ± 0.02, respectively) and seawater (0.49 ± 
0.03 and 0.16 ± 0.02, respectively). These data demonstrate that CaR-tr fish possess an 
elevated gill Na+K+ATPase activity while remaining in freshwater that enables them to 
efficiently hypo-osmoregulate when transferred to full strength seawater.  
 
Increased body size in salmon smolt is often of value because the lower surface to 
volume ratio and larger extracellular and intracellular fluid compartments of larger fish 
buffer the rate at which water is lost and plasma ion concentrations increase when fish 
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Figure 5. Mean (± SE) gill Na+K+ATPase activity from various groups of fish.  Values are for n=10 
for each group.  Data points within groups are means of 4 independent measurements of enzyme 
activity obtain from a gill slice of a single fish.   
 
migrate from freshwater to seawater. The advantage possessed by larger fish is 
demonstrated, in part, by the comparative survival of the MC (72%) and larger GLC fish 
(89%) following 24 hour seawater challenge. Conversely, although gill Na+K+ATPase 
levels correlated positively with weight in CaR-tr fish, larger size was much less 
important for initial seawater survival than the fact that these fish had significantly higher 
levels of gill enzyme activity. This is consistent with the observation that survival of 
CaR-tr fish after 24 hour seawater challenge at 6 weeks was 100%, despite their smaller 
size compared to GLC fish. Additional remodeling of ion transport mechanisms enabling 
improvements in hypo-osmoregulatory abilities of CaR-tr fish are also evident in plasma 
values of Ca2+ which is primarily excreted by the kidney and GI tract. CaR-tr  fish 
displayed lower levels of plasma Ca2+ at week 6 (Figure 4).   
 
Enhanced hypo-osmoregulatory ability in CaR-tr treated fish also resulted in increased 
growth during the first month following seawater entry compared to both MC and GLC 
fish. As shown in Figure 8, CaR-tr fish increased in weight by 83% from 16.1 ± 4.4 gm at 
the time of seawater transfer to 29.3 ± 6.1 gm one month later, whereas MC fish 
increased in weight by only 36% from 14.7 ± 3.7 gm to 20.0 ± 5.3 gm and the larger 
GLC fish by approximately 70% from 23.6 ± 6.5 gm to 40.5 ± 7.9 gm during this same 
interval. Taken together, these data suggest that enhanced growth in CaR-tr fish during 
the initial 30 days in seawater was partly attributable to elevated gill Na+K+ATPase 
activity and not larger body size such as that in the GLC fish.  
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Figure 6: Gill Na+K+ ATPase in relation to body weight at week 6 for various groups of chinook 
salmon in freshwater at Medveje Hatchery.  The correlation between activity and weight was 
significant for CaR-tr fish C(P = 0.01), but not MC or GLC fish (P ≥ 0.08).   
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Figure 7: Gill Na+K+ ATPase in relation to body weight at week 6 for various groups of chinook 
salmon in seawater at Medveje Hatchery.  The correlation between activity and weight was 
significant for CaR-tr fish (P = 0.03), but not MC or GLC fish (P ≥ 0.5).      
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Figure 8: Growth of CaR treated, MC and GLC Reservoir control age-0 chinook salmon during the 
first days in seawater net pens.  
 
 
In summary, our results show that juvenile chinook salmon treated with the MariCal 
process prior to seawater transfer displayed enhanced hypo-osmoregulatory ability as 
well as improved growth in freshwater and after seawater entry compared to non-treated 
fish. CaR’s have been shown to be salinity sensors in salmon and serve as the basis for 
understanding enhancements in hypo-osmoregulation displayed by smolt treated with the 
MariCal process.   
 
Transfer of river-type chinook to seawater net pens in the fall can be an effective method 
for expanding smolt production if losses related to hypo-osmotic failure can be 
minimized.  However, the problem of decreasing hypo-osmoregulatory ability in juvenile 
chinook at this time of year generally requires that these fish be held in brackish rather 
than full strength seawater.  The fact that survival of the CaR-tr chinook was 100% after 
24 hour seawater challenge compared to only 72% for MC fish suggests that the 
effectiveness of commercial fall transfers for expanding smolt production might be 
improved through use of the MariCal process. Finally, in addition to enhancements in 
seawater growth by CaR-tr fish, the fresh water normally needed to maintain brackish 
conditions in net pen systems could be deployed for use elsewhere in hatchery facilities 
to provide additional production capacity.   
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Abstract: 
In December 1991, the National Marine Fisheries Service listed Snake River sockeye 
salmon (Oncorhynchus nerka) as endangered under the U.S. Endangered Species Act 
(ESA).  Snake River sockeye salmon are a prime example of a species on the threshold of 
extinction, with the last known remnants of this stock returning to Redfish Lake, Idaho.  
On the basis of critically low population numbers and coincident with the listing, a 
captive broodstock project was implemented by federal, state, and tribal partners as an 
emergency measure to save Redfish Lake sockeye salmon.  During the decade of the 
1990s, a total of 16 wild fish returned to Redfish Lake (0-8 per year); all were captured 
for the broodstock program.  Amplification of the population through captive 
broodstocking resulted in hundreds of thousands of progeny (prespawning adults, eyed 
eggs, presmolts, and smolts) replanted to habitats in Redfish, Pettit, and Alturas lakes.  
Between 1999-2002, over 300 adults returned from the ocean from captive broodstock 
releases – an amplification of almost 20 times the number of wild fish that returned in the 
1990s.  Important lineages of Redfish Lake sockeye salmon continue to be maintained in 
culture as preserves for genetic variability and for numerical and demographic 
amplification of releases to the habitat.  It is virtually certain that the broodstock program 
has, at least for the short-term, prevented extinction of Redfish Lake sockeye salmon.  
Over the course of the program, operational issues included development of successful 
captive husbandry procedures, maintenance of genetic diversity, assessment/enhancement 
of habitat carrying capacity, and intensive evaluation of restocking efforts.  
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Abstract 
 
Small batches of eggs from Atlantic salmon (Salmo salar), chinook (Oncorhynchus 
tshawytscha) and steelhead (Oncorhynchus mykiss) were mechanically shocked and 
subsequently exposed to different iodine concentrations.  The test was designed to 
simulate stressors experienced by eggs during iodophor treatments in production-
hatcheries.  Mortality was assessed during incubation and lethal drop heights causing 
50% and 10% mortality (i.e. LD50 and LD10) were calculated at each iodine 
concentration.  Another issue regarding iodine usage was also addressed; loss of iodine 
during large-scale treatments can allow pathogens to survive.  To investigate this, iodine 
was measured during a typical disinfection procedure.  In spite of a significant loss of 
iodine after 10 minutes (44%), the treatment was judged to be effective.   
 



Changes in Salmonid Egg Survival after Exposure to Mechanical Shock and to 
Various Concentrations of Iodine 

 
W.E. McLean*, 205 McGimpsey, Campbell River, BC V9H1K8.  Email: 
wem4hann@oberon.ark.com (*denotes first author). 
 
J.O.T. Jensen, T. Sweeten and W. Damon, Fisheries and Oceans Canada, Science Branch, 
Pacific Biological Station, Nanaimo, BC V9T6N7.  Email: jensenj@pac.dfo-mpo.gc.ca. 
 
J. Lawrie and L. Beile, Stolt Sea Farm Inc. 1761 Redwood St Campbell River, BC V9W 
3K7. 
 
M. Lawrie, Pan Fish Canada Ltd. 124-1334 Island Highway, Campbell River, BC V9W 
8C9. 
 
Abstract 
 
Small batches of eggs from Atlantic salmon (Salmo salar), chinook (Oncorhynchus 
tshawytscha) and steelhead (Oncorhynchus mykiss) were mechanically shocked and 
subsequently exposed to different iodine concentrations.  The test was designed to 
simulate stressors experienced by eggs during iodophor treatments in production-
hatcheries.  Mortality was assessed during incubation and lethal drop heights causing 
50% and 10% mortality (i.e. LD50 and LD10) were calculated at each iodine 
concentration.  Another issue regarding iodine usage was also addressed; loss of iodine 
during large-scale treatments can allow pathogens to survive.  To investigate this, iodine 
was measured during a typical disinfection procedure.  In spite of a significant loss of 
iodine after 10 minutes (44%), the treatment was judged to be effective.   
 
Introduction 
 
Iodophors are widely used in fish culture to disinfect eggs.  The active ingredient, 
organically bound iodine (PVP-I), has the same broad spectrum properties as elemental 
iodine but is relatively non-toxic to fish eggs (Nelson 1974).  For this reason it is 
sometimes called “tamed iodine”.   
 
In the industry, a wide range of treatment concentrations (50 to 300 mg/L) and exposure 
times (10 to 60 minutes) are used (Chapman and Rogers 1992).  Also iodophors are 
commonly applied one or more times between egg fertilization and the late-eyed stage.  
Eggs can be dipped into prepared solutions or iodophor can be pumped to the incubators.   
 
Treatment standardization is difficult because of two site-specific factors.  Firstly, iodine 
is rapidly consumed by organic material so the concentration at the surface of the egg is 
affected by background water quality (Jensen et al. 1996) and by egg handling procedures 
(Chapman and Rogers 1992).  Secondly, the frequency and timing of treatments depends 
on the nature of the hatchery program.  For example one of the most common 
applications is to protect a facility from diseases carried by imported eggs.  In this case 
eggs must be disinfected before they are placed in incubators or come in contact with the 



hatchery water supply. This often results in the difficult task of treating and handling 
newly fertilized eggs.  Treatment procedures that require handling of eggs in the hours 
following fertilization can have unexpectedly negative effects due to mechanical shock 
(Jensen et al. 1981).  In our tests, eggs were subjected to double stresses of mechanical 
shock and iodophor exposure at this critical stage of development.  This problem is the 
focus of the present study.  
 
Loss of iodine during egg treatments is another problem addressed in this study.  In vitro 
studies have shown that a concentration of 25-35 mg/L is required for 5 minutes to kill 
most common viral, bacterial and fungal pathogens (Amend and Pietsch 1972; Ross and 
Smith 1972; Desautels and MacKelvie 1975) in a hatchery, exposure at the surface of the 
egg must exceed these levels to be effective.  Iodine concentrations were measured 
during a typical iodophor treatment in a production hatchery to assess the actual exposure 
of the eggs.   

 
Methods 

 
Trials were carried out at the Big Qualicum, Rosewall and Puntledge hatcheries operated 
by Fisheries and Oceans Canada.  Tests were performed over a number of years on 
chinook (Oncorhynchus tshawytscha), steelhead (Oncorhynchus mykiss) and Atlantic 
salmon (Salmo salar) eggs.   
 
Iodophors were supplied by Argent Chemicals Ltd. (Argentyne) and by Syndel Ltd. 
(Ovadine).  Both chemicals are buffered and have 1% available iodine (10,000 ppm).  
Treatment solutions were prepared by dilution to get the desired concentration and then 
checked by titration with standard sodium thiosulfate.  All concentrations are reported in 
mg/L of available iodine. 

 
Fertilized eggs were subjected to a standardized mechanical shock using an apparatus 
developed by Jensen and Alderdice (1983, 1989).  To deliver a standard shock, about 30 
eggs are gently transferred to a petri dish and water is carefully decanted.  The petri dish 
is then fixed to a steel holder that is free to slide on a vertical track from a fixed height.  
A trigger releases the egg holder so that it free-falls to strike the base of the apparatus.  
The shock is reproducible and its magnitude is a function of the height of the drop.   
 
To measure the effects of shock, samples of eggs were dropped from heights of 0, 20, 40, 
60, 80 and 100 cm.  At least 3 replicates were tested at each drop height.  After the shock, 
eggs were gently poured from the petri dishes to individual cells of a divided Heath tray 
containing water.  Heath trays are the standard vertical-flow incubation system used in 
many federal government hatcheries.  The dividers consist of a 20 cell Plexiglas frame 
with fly screen bottom that fits snugly into the Heath tray.  Performing this series of 
shocks took approximately 12 minutes.  When a series was complete the divider was 
lifted out of the Heath tray containing water and transferred to a Heath tray containing an 
iodophor solution of known concentration.  After 10 minutes exposure to iodine, the 
water flow to the tray was started and the iodine was quickly diluted.   
 



To quantify the combined effect of mechanical shock and iodine exposure, the lethal 
drop-height to cause 50 % mortality (LD50) was calculated for each iodine concentration.  
A high LD50 value means that the eggs are resistant to mechanical shock.  A decrease in 
the LD50 as a function of iodine concentration means that the eggs are more sensitive to 
mechanical shock if it is immediately followed by exposure to iodine.  Probit analysis 
(Jensen and Alderdice 1983) was used to calculate LD50, LD10 and 95% confidence 
intervals.  

 
Big Qualicum (BQ) 1983/84.  In 1983 chinook eggs were tested 2.75 hours after 

fertilization (i.e. after the start of development).  Eggs were shocked (at drop-heights of 0, 
20, 40, 60, 80 and 100 cm) and then exposed to a 0 mg/L solution, 84 mg/L (Argentyne) 
and 122 mg/L (Ovadine) for 10 minutes.  Live and dead eggs were accurately counted at 
the eyed stage (42 days post fertilization) and mortality rates were assessed.   
 
In 1984 a similar test was performed with steelhead eggs (2.75 hours after fertilization).  
Eggs were shocked at the standard drop-heights (3 replicates) and then exposed to 
Ovadine solutions with available iodine concentrations of 0, 105, 214, 325 and 438 mg/L.  
Egg mortality was assessed at the eyed stage.   

 
Rosewall Creek: 2002.  Exploratory tests were performed with Atlantic salmon 

eggs at Rosewall Creek in 2002.  Eggs were supplied by Pan Fish Canada Ltd.  One hour 
after fertilization, eggs were subjected to 0 and 20 cm drops and then exposed to Ovadine 
concentrations of 0 and 100 mg/L for 10 minutes.  Three replicates were tested for each 
treatment combination.  Iodine concentrations were not measured in 2002 – values were 
calculated from dilution of stock (i.e. nominal values). 
 
Another test was performed in 2002 where the order of the stressors was changed -- eggs 
were first exposed to iodine (0 and 100 mg/L) and then shocked (drop heights of 0 and 20 
cm).  In this test a procedure called “zero time disinfection” was used.  Milt was added to 
the eggs and after 2 minutes of contact time the mixture was transferred to Ovadine (100 
mg/L).  In this procedure, egg activation (and the beginning of development) occurs in 
the Ovadine solution instead of water.  After 10 minutes eggs were removed and shocked 
(0 and 20 cm).   
 

Rosewall Creek 2003.  A full series of tests were performed on Atlantic salmon 
and chinook eggs in 2003.  Atlantic salmon eggs were supplied by Pan Fish Canada Ltd. 
while the chinook eggs came from Big Qualicum Hatchery.  Tests were similar to the 
steelhead treatments at Big Qualicum in 1984 except that testing began 1 hour after 
fertilization.  Eggs were shocked at the standard series of drop-heights and then exposed 
for 10 minutes to iodine concentrations of 0, 106, 208, 312 and 421 mg/L for Atlantic 
salmon and 0, 87, 185, 285 and 397 mg/L for chinook.  Five replicates were performed 
for each control group (0 cm drop).  Egg mortality was assessed until after hatch.  
Atlantic salmon eggs were fertilized on Nov 18, 2003 and mortality was assessed until 
Feb 18, 2004 (779 oC days).  Chinook eggs were fertilized on Oct 24, 2003 and the final 
assessment of mortality was made on Dec 29, 2003 (566 oC days).  The average 
incubation temperature was 8.5 oC.   



 
Puntledge Hatchery 2003.  The iodine concentration experienced by the eggs 

during a production scale iodophor treatment was measured at Puntledge Hatchery on 
October 21.  The standard treatment used at this hatchery is “zero-time disinfection” for 
10 minutes at a nominal iodine concentration of 100 mg/L.  To measure the actual 
exposure the following procedure was followed.  Trays in a Heath stack were pulled 
forward out of the water flow, thoroughly drained and then filled to the brim with 
Ovadine solution (nominal 100 mg/L).  Trays were loaded with eggs in sequence starting 
with the second tray.  Batches of 8500 chinook eggs were mixed with 15 mL of milt and 
allowed to stand for 2 minutes.  The egg milt mixture was not rinsed but poured directly 
into a tray containing Ovadine.  With several minutes between each tray loading (to allow 
sampling), this procedure was followed until all seven trays were loaded.  After a 
treatment time of 10 minutes, samples were slowly siphoned from within the egg mass 
for titration.  Samples were taken from tray 1 (no eggs), tray 2, tray 5 and tray 8.  For this 
test, the egg treatment was extended to 20 minutes and further samples were taken.  After 
the final sample, trays were eased back into the stack and the iodine was quickly diluted 
by the water flow (15 L/min).  
 
Loss of iodine in tray 1 showed the effects of background water quality, whereas losses in 
the other trays show the combined effect of excess milt, ovarian fluid and organic 
contamination from the eggs and water.  A further test was performed to measure the 
losses due to excess milt. 



Results 
 
Egg mortality is shown for each replicate for BQ Chinook 1983, BQ Steelhead 1984 
(Table 1) and for Rosewall Atlantic Salmon 2003 and Rosewall Chinook 2003 (Table 2).  
In these tests, mechanical shock (drop heights cm) was followed by exposure to iodine 
(available iodine mg/L). 
 
BQ Chinook 1983   
 Iodine concentration mg/L 
Drop Height cm 0 mg/L 84 mg/L 122 mg/L 

0 cm 0.00 0.00 4.00 
 7.69 0.00 0.00 
 0.00 0.00 0.00 

20 cm 29.17 34.62 59.09 
 16.00 77.27 60.00 
 26.09 34.78 53.57 

40 cm 52.00 79.17 76.92 
 74.07 45.83 73.91 
 80.77 68.18 77.27 

60 cm 30.77 92.31 61.54 
 64.29 54.17 95.65 
 93.10 88.89 92.00 

80 cm 77.78 95.83 91.30 
 78.57 84.62 95.83 
 82.14 100.00 96.00 

100 cm 92.00 100.00 96.00 
 63.64 96.00 100.00 
 73.91 85.71 100.00 

BQ Steelhead 1984     
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 105 mg/L 214 mg/L 325 mg/L 438 mg/L 

0 cm 11.36 7.14 0.00 12.50 14.29 
 8.57 6.67 10.81 4.76 33.33 
 6.06 2.78 2.56 6.25 25.00 

20 cm 18.60 13.79 18.75 43.75 42.86 
 57.89 21.88 36.11 18.60 58.33 
 26.32 11.76 30.56 31.43 79.31 

40 cm 18.60 17.24 40.00 44.74 71.05 
 57.89 27.78 48.65 33.33 51.43 
 26.32 47.50 40.74 54.29 83.87 

60 cm 31.91 82.86 28.57 93.48 72.41 
 40.00 50.00 51.02 51.61 70.45 
 58.82 65.79 60.00 65.63 68.42 

80 cm 52.94 60.53 63.64 67.50 96.88 
 80.65 70.00 84.62 70.00 65.52 
 82.86 75.51 92.31 85.37 90.32 

100 cm 89.13 75.86 92.68 85.29 97.37 
 38.71 82.76 92.86 90.63 93.75 
 100.00 88.37 76.32 84.21 85.71 

Table 1.  Mortality (%) for BQ chinook (1983) and steelhead (1984) eggs subjected to 
mechanical shock (Drop Height; cm) followed by exposure to iodine (mg/L).  Each 
treatment has 3 replicates. 



Rosewall Atlantic Salmon 2003 
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 106 mg/L 208 mg/L 312 mg/L 421 mg/L 

0 cm 6.90 13.16 19.44 27.27 15.91 
 30.30 19.51 13.16 13.95 20.51 
 13.33 16.28 16.28 15.91 21.05 
 8.57 22.50 27.50 19.57 11.90 
 11.11 10.00 22.50 20.00 17.14 

20 cm 12.50 30.56 39.47 15.63 36.59 
 20.59 30.56 27.50 44.12 21.95 
 27.59 18.42 18.60 19.05 35.71 

40 cm 44.74 20.00 18.92 53.85 43.24 
 46.88 20.59 42.50 44.44 46.15 
 25.00 47.06 36.59 42.86 43.24 

60 cm 27.27 50.00 68.57 46.15 50.00 
 42.42 52.78 34.29 69.44 60.00 
 55.26 44.74 42.11 45.95 79.07 

80 cm 61.90 75.68 71.79 48.72 69.05 
 70.45 65.71 58.82 87.18 56.82 
 54.55 73.68 50.00 50.00 64.29 

100 cm 58.97 77.78 81.08 92.11 88.10 
 61.54 78.57 82.50 92.50 75.00 
 73.68 63.41 87.18 68.29 81.08 

Rosewall Chinook 2003 
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 87 mg/L 185 mg/L 285 mg/L 397 mg/L 

0 cm 6.45 10.71 0.00 0.00 0.00 
 15.63 3.33 5.71 6.45 0.00 
 13.79 0.00 0.00 0.00 3.13 
 3.33 5.88 3.03 10.71 9.09 
 3.45 0.00 0.00 3.03 3.23 

20 cm 35.71 31.03 45.16 19.35 24.14 
 35.00 61.29 28.57 67.74 60.61 
 35.71 26.67 41.38 66.67 39.39 

40 cm 70.97 65.52 70.59 74.19 59.38 
 56.25 58.06 65.63 70.00 65.63 
 26.32 41.94 51.61 87.50 54.55 

60 cm 63.33 77.42 87.50 74.07 71.88 
 68.97 81.25 70.59 85.71 74.19 
 59.38 79.41 82.76 73.33 67.74 

80 cm 90.91 81.25 100.00 86.67 87.88 
 67.65 71.88 84.38 90.00 90.63 
 64.52 70.00 100.00 74.19 88.24 

100 cm 93.94 90.91 92.31 93.94 87.50 
 74.19 93.55 87.50 87.10 81.25 
 90.63 91.18 96.88 93.33 100.00 

Table 2.  Mortality (%) for Atlantic salmon and chinook eggs subjected to mechanical 
shock (Drop Height, cm) followed by exposure to iodine (mg/L) at Rosewall Hatchery in 
2003.  Control treatments have 5 replicates and drop treatments have 3 replicates. 
 
LD50 values were calculated in order to quantify the combined effect of drop height and 
iodine (Table 3). 



Test Iodine mg/L LD50 cm Lower Upper LD10 cm 
   LD50 95% Confidence 

Limits 
 

BQ Chinook 1983 
 0 36.3 31.2 42.2 8.8 
 84 23.4 20.2 27.1 6.4 
 122 18.1 15.4 21.2 4.7 

BQ Steelhead 1984 
 0 53.3 46.2 61.5 11.5 
 105 53.1 48.4 58.3 21.1 
 214 46.3 41.6 51.5 14.5 
 325 41.4 36.9 46.4 12.4 
 438 28.8 23.5 35.3 5.5 

Rosewall Atlantic Salmon 2003 
 0 76.8 66.2 89.0 22.1 
 106 68.7 61.7 76.4 27.5 
 208 71.1 64.1 78.9 33.4 
 312 62.5 55.9 70.4 22.5 
 421 56.7 49.9 64.4 16.0 

Rosewall Chinook 2003 
 0 41.2 35.8 47.5 10.3 
 87 30.9 26.9 35.4 7.8 
 185 28.0 25.0 31.3 9.5 
 285 19.1 16.0 22.9 3.4 
 397 28.6 25.0 32.7 7.4 

Table 3.  LD50 (drop in cm to cause 50% mortality) and 95% confidence limits.  LD10 
(drop in cm to cause 10% mortality) is also shown. 
 
These values are plotted against iodine concentration for each group in Figure 1.  
Intercepts (b), slopes (m), and R2 values for the least square regression lines are presented 
in Table 4; LD50 = b + m*Iodine.  All groups showed an increasing sensitivity to 
mechanical shock as iodine concentrations increased (negative slopes).  Except for the 
Chinook 2003 group, slopes were statistically significant (P < 0.05). 
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Figure 1.  Lethal drop (cm) to kill 50% (LD5) of eggs versus iodine concentration mg/L 
for 4 groups of eggs (SH (steelhead) 1984, CN (chinook) 1983 and 2003, Salar (Atlantic 
salmon) 2003).  In 2003 eggs were shocked 1 hour after fertilization while in 1983/84 
eggs were shocked 2.75 hours post-fertilization. 
 

Groups Intercept Slope  R2 N 
BQ CN 1983 36.21 - 0.1500 0.9996 3 
BQ SH 1984 56.62 - 0.0556 0.9054 5 
Salar 2003 76.44 - 0.0444 0.8932 5 
CN 2003 36.41 - 0.0360 0.5078 5 

CN Pooled 32.30 - 0.0288 0.2406 8 
Table 4.  Linear regression lines for LD50 (cm) versus iodine concentration (mg/L).  
Slope, intercept, R2 and the number of observations (N) are shown for each group and for 
pooled chinook data (1983 and 2003). 
 
Analysis of variance (ANOVA) tables are shown for each experiment in Table 5.  The 
2003 results were treated as 2 factor experiments with unequal replicates per subclass 
(Sokal and Rohlf 1981).  Significant effects (at P < 0.05) and the “least significant 
difference” are also shown. 
 



 
Chinook Shock/Iodine 1983 
Source of Variation df MeanSq. F ratio  
Drop Height cm 5 10357 56.18 significant 
Iodine  2 1223 6.63 significant 
Interaction 10 154 0.83 not significant 
Within (error) 36 184  
Least Sig. Difference  22.4 
Steelhead Shock/Iodine 1984 
Source of Variation df MS F ratio 
Drop Height cm 5 11533 61.72 significant 
Iodine  4 1483 7.94 significant 
Interaction 20 184 0.98 not significant 
Within (error) 60 187  
Least Sig. Difference  22.3 
Atlantic Salmon Zero-Time 2002  
Source of Variation df MS F ratio 
Drop Height cm 1 0.9 0.02 not significant 
Iodine  1 3.8 0.08 not significant 
Interaction 1 13.6 0.28 not significant 
Within (error) 8 47.9  
Least Sig. Difference  13.0 
Atlantic Salmon 1 Hour Iodine/Shock 2002   
Source of Variation df MS F ratio 
Drop Height cm 1 189.8 3.46 not significant 
Iodine  1 22.8 0.42 not significant 
Interaction 1 12.4 0.23 not significant 
Within (error) 8 54.9  
Least Sig. Difference  14.0 
Chinook Shock/Iodine 2003 
Source of Variation df MS F ratio 
Drop Height cm 5 20773.2 214.09 significant 
Iodine  4 254.3 2.62 significant 
Interaction 20 117.6 1.21 not significant 
Within (error) 70 97.0  
Least Sig. Difference  16.1 
Atlantic Salmon Shock/Iodine 2003 
Source of Variation df MS F ratio 
Drop Height cm 5 9235.4 92.12 significant 
Iodine  4 266.5 2.66 significant 
Interaction 20 87.8 0.88 not significant 
Within (error) 70 100.3 
Least Sig. Difference  16.4 
Table 5.  Analysis of variance for experiments.  Mean Squares, degrees of freedom, 
significant F values, and the “least significant difference” are shown for P < 0.05. 
 
 



In 2002 two preliminary tests were performed with Atlantic Salmon at Rosewall Creek.  
In the first test eggs were fertilized and activated in 100 mg/L iodine (zero-time 
disinfection) and then shocked at 0 and 20 cm drop-heights (Table 6). 
 

Zero-Time Disinfection followed by shock  Shock 1 hr post fertilization followed by 
Ovadine 

Drop 
Heights cm 

0 (I2 mg/L) 100(I2 mg/L)  Drop 
Heights cm 

0 (I2 mg/L) 100(I2 mg/L) 

0 cm 12.82 14.63  0 cm 4.76 8.82 
 21.21 17.02   18.18 15.63 
 7.32 19.44   7.89 8.57 

20 cm 21.62 15.38  20 cm 21.62 12.12 
 21.62 9.52   8.57 18.42 
 2.86 18.18   18.42 32.43 

Table 6.  Mortality (%) for preliminary tests performed at Rosewall hatchery in 2002 
with Atlantic salmon eggs.  Only 2 drop heights and 2 iodine concentrations were used 
and eggs were tested at fertilization and 1 hour post-fertilization. 
 
Analysis of variance showed that at these conservative levels of stress, there was no 
significant effect (P < 0.05, Table 5) on mortality from either drop height or iodine.  
Furthermore, egg fertilization in 100 mg/L iodine solution was similar to fertilization in 
water (i.e. 0 mg/L iodine).  In the second preliminary test performed in 2002, eggs were 
shocked at 1 hour post-fertilization and then exposed to iodine (Table 6).  Neither drop-
height (20 cm) nor iodine (100 mg/L) had a significant effect on mortality (at P < 0.05).  
However drop-height was significant at P < 0.1 (Table 5). 
 
The loss of iodine during production scale “zero-time” disinfection procedures was 
measured at Puntledge Hatchery in 2003.  Milt was mixed with eggs (15 mL per 8500 
chinook eggs) and this mixture (not rinsed) was poured into Heath Trays containing 92 
mg/L available iodine.  Over a 10 minute exposure the iodine dropped to 52 mg/L (44 % 
loss) and after 20 minutes dropped to 48 mg/L (48% loss).  There was 0 % loss in a tray 
containing only water (no eggs).   
 
The effect of excess sperm on iodine consumption was measured in a separate test.  Milt 
at concentrations of 1.32, 2.68 and 4.00 mL per liter of Ovadine solution were allowed 10 
minutes of contact.  The iodine consumed (Y mg/L) was related to the milt concentration 
(X mL/L) by: Y = 7.2 + 3.3*X.  Since a batch of eggs was fertilized with 15 mL of milt 
and placed in a Heath Tray containing approximately 10 L of Ovadine, the milt 
concentration was 1.5 mL/L and the predicted iodine loss due to excess sperm was 12 
mg/L (7.2 + 1.5*3.3).  
 
Discussion 
 
In the mechanical shock/iodine experiments all groups showed increased sensitivity at 
higher iodine concentrations.  Thus LD50 decreased as iodine increased (Figure 1).  
Although a statistically significant increase in mortality was not demonstrated at the 
commonly used level of 100 mg/L, this trend emphasizes the danger of handling (netting, 
pouring etc.) newly fertilized eggs just prior to iodine treatment.   



 
Zero-time disinfection avoided this combined stress of handling and iodine because eggs 
were activated in iodine solution and underwent no further movement.  The preliminary 
test performed in 2002 showed that there was no significant difference in mortality for 
Atlantic salmon eggs activated in water and 100 mg/L Ovadine solution.   
 
It should be cautioned that our small-scale tests do not guarantee that a procedure is safe 
on the production scale.  The sample size used in our tests was necessarily small (~ 30 
eggs per replicate) and therefore subtle delayed effects (e.g. deformities, problems at 
hatch or ponding etc.) could not be detected.  Also variability within replicates (error) 
was quite large and so real effects might simply be undetected.  This “error” is termed the 
“within mean square” in ANOVA and along with the “least significant difference” is 
shown in Table 5 for each experiment.  This value shows that mortality rates must be 15 
or 20 % higher than the control before they are judged significant.  Thus small effects are 
undetectable.  Furthermore it must be kept in mind that effects having a minor impact in a 
small scale experiment with low egg density can be amplified many times in a production 
setting.  These considerations lend importance to the trends observed in Figure 1.  
 
In the 2003 tests 5 replicates were performed at 0 cm drop height (controls) for each 
iodine concentration (Table 1).  Comparison between the 25 control groups for chinook 
and Atlantic salmon shows that mortality was 4 times higher in Atlantic salmon (4.3 % 
vs. 17.4%).  This difference was significant at P < 0.01 and may indicate a problem with 
initial egg quality of the Atlantic salmon.   
 
During “zero-time” disinfection at Puntledge Hatchery iodine levels within the egg mass 
dropped to 52 mg/L after 10 minutes (44 % loss) and dropped to 48 mg/L after 20 
minutes (48 % loss).  On the day of the test (October 21) background water quality at 
Puntledge was good and had no effect on iodine loss.  This may vary from day to day as 
the water quality of the Puntledge river changes.  In our test, a total of 40 mg/L of iodine 
was consumed after 10 minutes.  Excess sperm accounted for 12 mg/L (by calculation) 
while the difference of 28 mg/L (40 mg/L – 12 mg/L) was consumed by organic debris.  
In spite of these iodine losses, “zero-time” disinfection at Puntledge Hatchery on Oct 21 
2004 met the minimum criteria for eliminating most common pathogens (25-35 mg/L for 
5 min).  More tests are required to assess the effectiveness of this disinfection procedure.   
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Abstract 
The Oregon Department of Fish and Wildlife (ODFW) has expanded its annual fish 
marking program to include the deployment of automated fish marking systems (AFS) in 
2000.  Starting with the 2002 season, Department employees, trained by Northwest 
Marine Technology, Inc. (NMT), have operated AFS independently and processed 2.8 to 
6.4 million juvenile salmonids annually.  Fish are marked by implanting Coded Wire 
Tags (CWT) and/or by excising the adipose fin (Ad).  The authors compare AFS marking 
cost, tag retention and fin mark quality data collected from 2000 to 2004 to state wide 
implemented manual marking operations. 
 
The average cost of fish marking operations is presented by mark type, application 
system and year.  For AdCWT, manual system operation cost ranges from $112 to $137 
per 1,000 fish marked and for AFS operations the cost ranges from $96 to $149 per 1,000 
fish marked.  Cost varies with marking location, species and fish size.  With the 
exception of the 2003 marking season, the average marking cost for AFS operations was 
less than the average marking cost for manual marking systems. 
The cost of adipose fin marking ranged from $24 to $31 per 1,000 fish marked for 
manual marking systems and from $18 to $49 per 1,000 fish marked for AFS.  Cost 
savings due to AFS deployment for this mark type were first realized during the 2004 
marking season. 
 
CWT retention and adipose fin mark quality data was collected at time of release and no 
less than 30 days after tagging had occurred.  CWT absence or presence is verified 
electronically and the fin mark is examined visually.  The presence of 33 percent or more 
of the adipose fin constitutes a ‘no clip’. 
Average CWT retention rates for four release years ranged from 96.9 to 98.5 percent for 
manual systems and from 94.5 to 98.8 percent for AFS respectively.  With the exception 
of the first year of AFS operation, average retention rates for tag groups processed by 
AFS have been identical to or exceeded the retention rates for tag groups processed by 
manual systems. 
 
Fin mark quality data was collected for three release years.  Average fin clip rates ranged 
from 97.4 to 98.9 percent clipped for manual systems and from 98.3 to 99.3 percent 
clipped for AFS respectively.  The average mark quality rate was higher for AFS in two 
out of three release years. 
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Introduction 
The Hood River hosts runs of summer and winter steelhead (Oncorhynchus mykiss), both of 
which have suffered declining numbers in past years.  In 1998, the National Marine Fisheries 
Service listed steelhead throughout the Lower Columbia Evolutionary Significant Unit as a 
threatened species under the Endangered Species Act.  In 1991, with funding from the 
Bonneville Power Administration (BPA), the Oregon Department of Fish and Wildlife (ODFW) 
and the Confederated Tribes of the Warm Springs Reservation of Oregon (CTWSRO) undertook 
action to reverse the decline in numbers and initiated the Hood River Production Program 
(HRPP).  The HRPP was designed to increase runs of summer and winter steelhead by 
supplementing with indigenous stocks and to reintroduce spring chinook salmon (Oncorhynchus 
tshawytscha).  In addition, a key component of the plan was to include a comprehensive 
monitoring and evaluation (M&E) program designed to both evaluate the success of 
management actions, and provide managers with immediate adaptive management capabilities.  
One of the primary goals of the project was to increase the run size of indigenous populations of 
summer and winter steelhead using hatchery supplementation, while minimizing any negative 
impacts on fish indigenous to the subbasin.  To achieve this goal fishery managers needed to 
balance hatchery benefits against ecological risks associated with the HRPP. 
 
Because of the complex life history of the two ecotypes of Hood River steelhead, a significant 
amount of biological and stock-specific life history data was needed to provide information on 
various assumptions used to achieve the biological fish objectives.  Olsen (2003) provides a 
comprehensive report and summary of the monitoring and evaluation data collected for the 
HRPP to date.  The primary data collection site for the project is a trapping facility located in the 
fish ladder at PacifiCorp’s Powerdale hydroelectric facility at River Mile (RM) 4.5 on the 
mainstem of the Hood River.  The Powerdale Dam trapping facility creates a unique evaluation 
opportunity, as the dam forms a complete block to upstream fish migration forcing all fish to 
pass through the facility.  As a result, all fish escaping upstream into the spawning grounds are 
sampled, as very little suitable spawning habitat is available downstream from the dam.  The 
M&E project has continued to evolve since its initial establishment in 1991.  The scope of the 
ODFW portion of the M&E project was expanded in 1994 to include gathering specific 
information regarding subbasin smolt production.  In 1996, a comprehensive statistical creel 
survey was incorporated to further evaluate the HRPP, with respect to its defined subbasin and 
spawner escapement objectives for both stocks of Hood River wild and hatchery steelhead.   
 
Data collected though the M&E project has been used extensively to 1) develop strict race-
specific protocols pertaining to when, where, and numbers of hatchery smolts released into the 
subbasin, 2) develop race-specific guidelines for collecting adult summer and winter steelhead 
for hatchery broodstock, 3) develop race-specific guidelines for passing hatchery summer and 
winter steelhead above Powerdale Dam, and 4) modify the numerical fish objectives for the 
HRPP’s hatchery supplementation program. 
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Introduction 
 
The Hood River hosts runs of summer and winter steelhead (Oncorhynchus mykiss), both of 
which have suffered declining numbers in past years.  In 1998, the National Marine Fisheries 
Service listed steelhead throughout the Lower Columbia Evolutionary Significant Unit as a 
threatened species under the Endangered Species Act.  In 1991, with funding from the 
Bonneville Power Administration (BPA), the Oregon Department of Fish and Wildlife (ODFW) 
and the Confederated Tribes of the Warm Springs Reservation of Oregon (CTWSRO) undertook 
action to reverse the decline in numbers and initiated the Hood River Production Program 
(HRPP).  The HRPP was designed to increase runs of summer and winter steelhead by 
supplementing with indigenous stocks and to reintroduce spring chinook salmon (Oncorhynchus 
tshawytscha).  In addition, a key component of the plan was to include a comprehensive 
monitoring and evaluation (M&E) program designed to both evaluate the success of 
management actions, and provide managers with immediate adaptive management capabilities.  
One of the primary goals of the project was to increase the run size of indigenous populations of 
summer and winter steelhead using hatchery supplementation, while minimizing any negative 
impacts on fish indigenous to the subbasin.  To achieve this goal fishery managers needed to 
balance hatchery benefits against ecological risks associated with the HRPP. 
 
Because of the complex life history of the two ecotypes of Hood River steelhead, a significant 
amount of biological and stock-specific life history data was needed to provide information on 
various assumptions used to achieve the biological fish objectives.  Olsen (2003) provides a 
comprehensive report and summary of the monitoring and evaluation data collected for the 
HRPP to date.  The primary data collection site for the project is a trapping facility located in the 
fish ladder at PacifiCorp’s Powerdale hydroelectric facility at River Mile (RM) 4.5 on the 
mainstem of the Hood River.  The Powerdale Dam trapping facility creates a unique evaluation 
opportunity, as the dam forms a complete block to upstream fish migration forcing all fish to 
pass through the facility.  As a result, all fish escaping upstream into the spawning grounds are 
sampled, as very little suitable spawning habitat is available downstream from the dam.  The 
M&E project has continued to evolve since its initial establishment in 1991.  The scope of the 
ODFW portion of the M&E project was expanded in 1994 to include gathering specific 
information regarding subbasin smolt production.  In 1996, a comprehensive statistical creel 
survey was incorporated to further evaluate the HRPP, with respect to its defined subbasin and 
spawner escapement objectives for both stocks of Hood River wild and hatchery steelhead.   
 
Data collected though the M&E project has been used extensively to 1) develop strict race-
specific protocols pertaining to when, where, and numbers of hatchery smolts released into the 



subbasin, 2) develop race-specific guidelines for collecting adult summer and winter steelhead 
for hatchery broodstock, 3) develop race-specific guidelines for passing hatchery summer and 
winter steelhead above Powerdale Dam, and 4) modify the numerical fish objectives for the 
HRPP’s hatchery supplementation program. 
 
Methods 
 
The Hood River is a tributary to the Columbia River which enters the Columbia at river mile 
(RM) 170.  The Hood River is a relatively small subbasin, with a mainstem that forks into three 
primary tributaries approximately 12 miles upstream from the confluence with the Columbia 
River.  The Middle and East Forks are believed to be primarily utilized by winter steelhead, 
while the West Fork is believed to be utilized primarily by summer steelhead.  The basin covers 
an estimated area of 352 square miles, and has approximately 695 stream miles, of which 108 
miles are accessible to anadromous fish.  Powerdale Dam, which is owned by PacifiCorp, is a 
small run of the river hydroelectric diversion dam located at RM 4.5 on the mainstem Hood 
River.  Many of the Hood River tributaries originate from glaciers on Mt. Hood, significantly 
affecting the hydrology of the river.  The glaciers are responsible for contributing significant 
levels of glacial sediment which become especially prevalent during the summer months.  A 
popular sport fishery for steelhead occurs downstream from mouth of the river upstream to 
Powerdale Dam.  Angling is closed for steelhead upstream of the dam. 
 
Fish ascend Powerdale Dam in a pool and weir fish ladder located on the east bank of the dam.  
In December of 1991, an upstream migrant adult fish trap was installed in the uppermost pool of 
the existing fish ladder.  Modifications were made to the water intake at the top of the ladder to 
allow water flow through a submerged orifice.  A removable bar grate with one-inch spacing was 
installed to block the submerged water intake and to prevent fish movement through the top 
pool.  To keep fish from backing down the ladder once they entered, a finger weir was installed 
at the downstream end of the top pool.  A false floor built of wooden slats was installed in the 
bottom of the top pool to reduce the water depth, facilitating removal of fish.  A cover was 
constructed to prevent fish from jumping out and avert predation and poaching.  
 
In 1997, a new state-of-the-art trapping facility was constructed at Powerdale Dam.  Utilizing the 
existing fish ladder, migrant adult salmonids are diverted into a temporary holding area from 
which they could be transferred into the facility.  Inside the working area of the facility, fish are 
transitioned into an anesthetic tank for sampling.  Each fish captured is tagged with a uniquely 
numbered spaghetti style anchor tag.  In addition to tagging, fish are identified by species, 
ecotype, sex, measured for fork length, examined for fin marks, and data from each individual 
fish is recorded onto a computerized data sheet.  Scale samples are taken for age analysis, along 
with a small tissue sample removed from the anal fin for genetic analysis.  Following the tagging 
and biological interrogations, fish are released into a network of fiberglass tubes that transfer fish 
either 1) upstream of Powerdale Dam and into the Hood River, 2) into temporary holding pens, 
or 3) into a portable fish liberation tank. 



Discussion 
 
Different management actions are taken at the Powerdale Fish Trap for each adult steelhead 
captured depending on its ecotype and stock origin.  All unmarked wild adult steelhead captured 
are passed above Powerdale Dam, with the exception of wild adults that are used for hatchery 
broodstock.  The two ecotypes of Hood River origin hatchery steelhead are each assigned a 
separate unique fin mark, different than any other hatchery steelhead found in the Hood River, 
enabling simple ecotype separation at the trapping facility.  As part of the supplementation 
evaluation, returning hatchery adult steelhead of Hood River stock origin are passed above 
Powerdale Dam in numbers not to exceed a 50:50 ratio between the wild and Hood River stock 
hatchery components of the run.  Wild steelhead, which have been utilized for hatchery 
broodstock are released into the mainstem Hood River after being live spawned.  In order to 
increase angler opportunity, all returning hatchery origin steelhead not needed for escapement 
purposes captured at the trapping facility, are released at the mouth of the Hood River.  This 
release of excess hatchery origin steelhead is termed as “recycling,” as fish become available to 
anglers another time.  Adult steelhead with a highly deformed dorsal fin are transferred and 
released at the mouth of the Hood River, based on the assumption that they are unmarked 
hatchery adults.  All non-indigenous stocks of adult hatchery steelhead collected at the trap are 
also transported to the mouth of the Hood River (RM 0.1) for release.  It is assumed that these 
fish, combined with previously tagged fish captured at the trap and released at the same location, 
will increase harvest opportunities as they are re-subjected to sport and tribal fisheries in the area 
downstream from Powerdale Dam.  
 
As previously mentioned, escapement of hatchery fish of both Hood River stock origin and non-
indigenous stocks is strictly controlled.  The out of basin origin Skamania stock of summer 
steelhead, which was previously used for supplementation, is currently stocked below Powerdale 
Dam to supplement the fishery while the local Hood River conservation stock is in the 
development stage.  Beginning in 1998, the Skamania stock of steelhead was no longer passed 
upstream of Powerdale Dam.  During peak run timings combined stocks of hatchery steelhead 
are transported in large numbers to the mouth of the Hood River on a daily basis.  Each time fish 
are transported to the mouth of the Hood River and return to the trap at Powerdale Dam they are 
subject to the fishery in the lower 4.5 miles of the river.  Angler creel surveys conducted on this 
reach of the Hood River reveal relatively small numbers of steelhead harvested compared to the 
high number of fish returning back to the trapping facility.  For the period from 1998 through 
2003 the angler exploitation rate averaged 25% for first run hatchery summer steelhead, and only 
6% for recycled hatchery summer steelhead for the same period (Figure 1).  The final disposition 
of the recycled fish is unknown, but many are believed to leave the subbasin.  This assumption is 
based on 1) the small percentage of spawning observed below Powerdale Dam, 2) the reportedly 
low numbers of pre-spawning mortalities downstream of Powerdale Dam, 3) the low number of 
fish harvested by anglers in the sport fishery, and 4) the Hood River tags collected from adults 
harvested in other nearby subbasins.  Based upon the limited numbers of fish harvested coupled 
with the large number of fish unaccounted for, and the fact that recycled fish straying likely pose 
a genetic risk to other populations, managers chose to out-plant excess hatchery steelhead to 
closed bodies of water within the Hood River Subbasin.  This proposed action is intended to 
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   Figure 1. - Estimated numbers of adult summer steelhead harvest by sport anglers from River Mile (RM) 0 - RM 4.5 (i.e., Powerdale 
Dam) in the mainstem Hood River, by run year.

 



decrease the number of fish potentially straying from the Hood River into other subbasins.  
Decreasing numbers of hatchery fish recycled to the mouth of the Hood River will reduce both 
the economic and biological cost of the program, with only a minimal impact on fisheries.  
While out-planting excess hatchery steelhead to standing water bodies has yet to be thoroughly 
evaluated, preliminary discussions with anglers suggest a high approval of this action.   
 
Run timing of wild Hood River summer and winter steelhead greatly overlaps, creating 
difficulties in identifying individual ecotypes when captured at the Powerdale Adult trap 
(Figure 2).  Maintaining the individual run timing of the two ecotypes while avoiding the 
inadvertent mixing of the two ecotypes in the hatchery population creates a unique challenge in 
the Hood River for fishery managers when selecting broodstock for hatchery supplementation.  
When captured at Powerdale, a series of phenotypic characteristics are used to distinguish 
between summer and winter ecotypes of steelhead.  These include external coloration, degree of 
scale tightness and scale erosion, state of sexual maturity relative to the time of year, external 
parasite load, color of gill filaments, and general appearance.   
 
A given run year for wild summer steelhead can encompass two complete calendar years.  
Summer steelhead begin entering the Powerdale trap in late February and migration is completed 
by late May in the second calendar year.  Winter steelhead first begin entering the Hood River 
subbasin in January with migration completed by late June of the same year.  To prevent 
manipulation of run timing in the hatchery population, wild broodstock is collected throughout 
the entirety of each run.  The likelihood for incorrectly classifying the ecotype of adult steelhead, 
due to similar phenotypic characteristics is highest from 1 September through 31 January.  It is 
during this period that late returning summer steelhead can be easily misidentified as winter 
steelhead.  Scale analysis is completed on each unmarked steelhead collected for hatchery 
broodstock prior to spawning to confirm the origin of hatchery fish which may have not been fin 
marked.  Since only wild steelhead are used as broodstock, steelhead collected and then later 
classified as hatchery fish based on the scale analysis are either sacrificed or released at the 
mouth of the Hood River (RM 0.1).  Despite these precautions, ongoing monitoring of run 
timing data of Hood River origin hatchery steelhead collected at the Powerdale Trap has 
indicated the possibility of inadvertent mixing of the ecotypes.  As a further precaution to avoid 
misidentifying ecotypes and inadvertently mixing them in the hatchery broodstock, managers 
have initiated a program that utilizes newly developed genetic markers obtained from the 
ongoing genetics monitoring program.  These genetic markers will assist managers in assigning 
an ecotype to each fish before spawning to further lower the risk of mixing the two ecotypes. 
 
A sample of genetic material, either from a scale or tissue sample, has been collected from every 
steelhead passed upstream into the spawning areas from 1991 to the present.  Because this 
material had been collected since the inception of the project, it has allowed managers the 
opportunity to look back on the genetic structure of the population from the beginning of the 
project.  One primary goal of the genetic monitoring is to determine the relative natural 
reproductive success of anadromous hatchery and wild steelhead by identifying their adult 
progeny when they return to Powerdale.  As Powerdale Dam forms a complete barrier to fish 
migration, it has been possible to collect genetic material from all fish passed into upstream 
spawning areas.  Based upon this data, a pedigree has been formed to identify all returning 
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   Figure 2.  Run timing of wild adult summer and winter steelhead captured at the Powerdale Adult Trap for the 2002-2003 run year.

 



progeny using the genetic samples.  Adult offspring returning to the dam are matched with their 
parents using nuclear microsatellite deoxyribonucleic acid (DNA) as a genetic marker, allowing 
the pedigree reconstruction.  Parentage analysis is accomplished by genotyping all adults passed 
upstream of Powerdale Dam and all returning offspring in subsequent years.  Based upon the 
parentage analysis, the relative fitness of wild and hatchery fish can be determined.  
Furthermore, the fitness of hatchery fish spawning in the wild can be compared against that 
fitness of wild fish. 
 
At least one parent was assigned to each potential offspring sampled at Powerdale Dam 
approximately 84% of the time.  Another interesting result is that more males were found to be 
missing than females when assigning parentage (Figure 3).  The high number of missing males 
suggests non-anadromous trout or precocious parr may be parenting a significant number of 
anadromous offspring.  The origin of the precocious parr remains unknown, and requires further 
evaluation. 
 
Results 
 
Past management practices for supplementing steelhead in the Hood River involved conventional 
hatchery programs utilizing out of basin hatchery stocks to supplement both ecotypes.  The 
Skamania hatchery stock used for the summer run steelhead was phased out in 1998.  In 1991 the 
use of Big Creek stock previously used for the winter run was suspended.  These two stocks 
were replaced by the conservation hatchery stocks of steelhead derived from wild Hood River 
broodstock.  The ability to look back at the project since its inception has provided the 
opportunity to measure the fitness of a conventional hatchery program against that of a 
conservation hatchery program.  While the primary purpose of the genetic monitoring is to 
estimate the fitness of hatchery fish spawning in the wild, it was also possible to examine the 
effectiveness of the different types of hatchery programs.  Blouin (2003) was able to examine 
three complete run years of Hood River Steelhead, where he found evidence that fish of 
conventional hatchery stocks had significantly lower total fitness than wild fish, but the 
conservation stocks had a fitness similar to that of wild fish.  Data collected indicates that 
conventional x wild crosses consistently produce fewer offspring than conservation x wild 
crosses (Figures 4 and 5), indicating that the presence of conventional hatchery breeders in the 
system may lower the fitness of the wild population.  However, similar data collected from 
conservation x wild pairs compared against wild x wild pairs suggests the presence of 
conservation hatchery fish does not appear to reduce the fitness of the wild population.   
 
Early results show that the decision to phase out the two conventional, out-of-basin hatchery 
stocks (Skamania and Big Creek) and replace them with new conservation hatchery stocks was 
well founded.  The natural reproductive fitness of the conventional stocks was substantially less 
that that of natural origin Hood River steelhead.  However, the natural reproductive fitness of the 
conservation stocks is, on average, only slightly less than that of natural origin steelhead.   
 
Supplementing streams that contain both summer and winter ecotypes of steelhead create 
challenges for managers.  Maintaining unique life history characteristics specific to each of the 
ecotypes requires special precautions to reduce the risk of supplementation on wild populations.  
Extensive monitoring by the HRPP provided managers with an early warning that the summer 
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   Figure 3. - Fraction of wild winter steelhead offspring that were assigned to one or both parents by run year.  Data from Blouin 2003.
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conventional stock.  Data from Blouin 2003.

 



and winter ecotypes were inadvertently being mixed, as run timing of wild stock appeared to 
shift following supplementation.  Newly developed genetic techniques, utilizing nuclear 
microsatellite genetic markers will provide managers with additional techniques to avoid this 
risk. 
 
Based upon experience in the Hood River, managers should consider closely monitoring the 
practice of recycling returning hatchery fish back to the mouth of the river.  Data obtained from 
the HRPP on the Hood River suggests that returning hatchery fish downstream to be subjected to 
fisheries subsequent times contributed little to increase angler harvest opportunity, and likely 
increased the rate of straying of these fish into other subbasins.  Findings from the HRPP suggest 
that supplementation programs designed to rebuild depressed stocks, while limiting impacts to 
indigenous populations, need extensive monitoring programs in place.  Experience from the 
Hood River indicates, an extensive monitoring and evaluation program is needed to identify 
unanticipated risks and provide comprehensive data needed by fishery managers to implement a 
successful supplementation program. 
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Introduction 
The Morten Creek Salmon Enhancement Project began in 1988 as an extension of our 
elementary school’s Salmonids in the Classroom Program, operated by the Salmonid 
Enhancement Program (SEP). The SEP program was developed as a link between local 
residents and the recovery of salmon stocks. 
 
There was no shortage of local streams in need of supplemental Coho stocks, given the declines 
reported for many urban streams in British Columbia.  Emergent fry were released into seven 
tributaries of Lynn Creek in North Vancouver. This report focuses on the upper reaches of 
Hastings Creek as it had everything a salmon requires: cool, well-oxygenated water, clean 
gravel, abundant cover, shade and adequate stream flows. Only the salmon were missing, due to 
past engineering practices, which had created barriers to salmon migration through culverts.  
 
The objective of this project was to re-introduce Coho stocks into the barren upper reaches of 
Hastings Creek, a tributary to the Lynn in the District of North Vancouver. A second objective 
was to modify culverts to allow fish passage during all stages of the salmonid life cycle. 
 
Fish transplants were to be done upstream of human barriers to natural migration, to avoid 
impacts to wild fish populations. It was expected that returning adults would spawn naturally in 
the lower reaches until access to existing upstream habitat could be reopened and that there was 
ample rearing habitat for juveniles, due to the overall decline in Coho numbers. 
 
Methods 
Newly emerged fry were released into Hastings Creek between 1989 and 1996. Coho numbers 
were too low to procure brood stock from Hastings Creek or Lynn Creek. The Seymour River, 
in the adjoining watershed to the east, was chosen as the donor stream due to similarities in 
stock and habitat characteristics, including similar return times for spawners, water 
temperatures, elevation and distance from the ocean. Eyed eggs were obtained from the 
Seymour River Hatchery, in partnership with the Seymour Salmonid Society, and cared for at a 
volunteer-operated incubation facility on Morten Creek, a small tributary of Lynn Creek. DFO 
hatchery policy permits the transfer of eyed eggs from one watershed to another in some 
circumstances. At this stage, the egg is robust and can be transported with low mortalities. 
Hatchery volunteers transported newly emerged fry to upper Hastings Creek. 
 
Transplanting small batches of fry as soon as they emerged was done for a number of reasons: 
• to provide small and scattered releases 



• to reduce bias related to parental size or condition (transplant of a mixture of offspring from 
the total egg supply),  

• to increase the number of imprinting cues a fish receives from the rearing stream throughout 
the freshwater stage (Hasler and Wisby,1951) 

• to provide the greatest opportunity for fry to learn to feed within their new habitat, 
• to have a smaller impact on wild trout populations through competition for food, and, 
• to minimize the attention of predators, which can be stimulated by the sudden arrival of 

large numbers of prey. 
 
Numbers released into Hastings Creek were in line with standard formulas for carrying capacity 
of Pacific Northwest streams of <0.1 juveniles per m2 of surface area (Nickelson et al., 1986) 
 
Monitoring of water quality and flows expanded with the inception of the Streamkeepers 
Program in 1993 (Taccogna and Munro, 1995).  Morten Creek SEP partnered with the DFO, 
District of North Vancouver and North Shore Streamkeepers to refit several culverts to ensure 
adequate passage for salmon to the upper watershed: 
• an existing but non-functioning fish ladder was fitted with a jump box entryway to allow 

fish to gain access to Hastings Creek, 
• a 2 metre (high) concrete wall was bypassed by construction and installation of a steep pass 

ladder for upstream migration,  
• baffles were installed in two box culverts to increase migration opportunities for returning 

spawners and  
• a pool and weir ladder was constructed at the outlet of a pond to ease downstream migration 

of smolts. 
  
After fish passage was improved, we ceased transplanting fry. All ladders are closely monitored 
and kept clean by community volunteers during spring and fall migration periods.  
 
Results 
Annual spawner surveys began in 1997 to monitor numbers of returning adults and 
effectiveness of the habitat restoration. Under the guidance of volunteer watershed co-
ordinators, local stewards monitor survival of the Coho through fry and smolt enumerations. 
With eight years of monitoring data, we feel we have accomplished our objective of re-
establishing a small but sustainable Coho run in the upper reaches of Hastings Creek. Following 
the Streamkeepers methodology has enabled us to document fish numbers, habitat and water 
quality, and other factors that affect fish survival. Our data is managed and shared through a 
DFO / Streamkeepers on-line database. 
http://habitat.pac.dfo.ca/pskf/version4_0/system/skmenu1.cfm 
We also began taking DNA samples from returning Coho in 2002 to begin to understand the 
genetic makeup of the fish.  
 
Unanticipated benefits include long term dedicated involvement of the community: 16 years for 
Morten Creek SEP, 10 years for North Shore Streamkeepers, citizens speaking for salmon, 
streams and our natural environment, partnerships with DFO, community, municipality, schools 
and local business. Community awareness is heightened and, presumably, will lead to an 
increased ability to make good land use decisions. 
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Positive partnerships provide public with pristine pictures of piscatorial presence. 
 
Mark Traynor and Brett Requa, Oregon Department of Fish and Wildlife, Cascade Hatchery, 
74152 NE Eagle Creek Loop, Cascade Locks, OR 97014.  Tel: (541) 374-8381. 
 
Abstract 
This poster describes a project that culminated in a live, underwater video feed being transmitted 
from Eagle Creek to the Oregon Zoo.  
 
A monitor has been installed at the Oregon Zoo’s Great Northwest exhibit that receives real-time 
streaming video (via a dedicated T-1 telephone line) from a camera placed underwater in Eagle 
Creek. This exhibit allows zoo visitors to observe captive salmon and, at the same time, see live 
video of salmon in their natural environment. 
 
Eagle Creek has Coho and Chinook salmon and Summer and Winter steelhead during different 
times of the year. The fall is prime salmon viewing time and numerous school field trips visit 
Eagle Creek and Cascade Hatchery. An additional viewing monitor is located at the hatchery and 
is enjoyed by the visiting groups.  
 
This salmon cam provides zoo visitors with a unique opportunity to observe salmon in real time 
and thus make an immediate connection with the natural world. The NatureWatch Program 
Mission sums up the project nicely: 
 

"To provide children and adults the opportunity to safely view, and participate in, 
activities and programs that raise their level of awareness and understanding of wildlife, 
fish, and plants, and their connection to ecosystems, landscapes, and people." 

 
 



Positive partnerships provide public with pristine pictures of piscatorial presence. 
 
Mark Traynor and Brett Requa, Oregon Department of Fish and Wildlife, Cascade Hatchery, 
74152 NE Eagle Creek Loop, Cascade Locks, OR 97014, Tel (541) 374-8381 
 
Poster presentation 
 
This poster describes a project that culminated in a live, underwater video feed being transmitted 
from Eagle Creek to the Oregon Zoo.  
 
A monitor has been installed at the Oregon Zoo’s Great Northwest exhibit that receives real-time 
streaming video (via a dedicated T-1 telephone line) from a camera placed underwater in Eagle 
Creek. This exhibit allows zoo visitors to observe captive salmon and, at the same time, see live 
video of salmon in their natural environment. 
 
Eagle Creek has Coho and Chinook salmon and Summer and Winter steelhead during different 
times of the year. The fall is prime salmon viewing time and numerous school field trips visit 
Eagle Creek and Cascade Hatchery. An additional viewing monitor is located at the hatchery and 
is enjoyed by the visiting groups.  
 
This project is made possible through the partnerships of various entities and each of their 
commitments to educate the public. The following are individuals, organizations and government 
agencies that have contributed to the Eagle Creek Salmon Cam: 
 
Donald Virgovic, USDA Forest Service National Naturewatch Coordinator - project coordinator 
 
The Oregon Zoo and the Great Northwest Exhibit – public interface 
 
Phil Allen and Tim Brown – underwater camera installation 
 
Oregon Department of Fish and Wildlife’s Cascade Hatchery – camera maintenance, housing of 
electronic components and public interface 
 
This salmon cam provides zoo visitors with a unique opportunity to observe salmon in real time 
and thus make an immediate connection with the natural world. The NatureWatch Program 
Mission sums up the project nicely: 
 

"To provide children and adults the opportunity to safely view, and participate in, 
activities and programs that raise their level of awareness and understanding of wildlife, 
fish, and plants, and their connection to ecosystems, landscapes, and people." 

 
 



Changes in Mechanical Shock Sensitivity of Atlantic Salmon (Salmo Salar) 
Eggs during Incubation 
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Abstract 
Atlantic salmon eggs (Salmo salar), from fertilization to hatch, were exposed to controlled levels 
of mechanical shock utilizing a device designed to drop eggs from a maximum height of 1 meter. 
Groups of eggs, incubating at 8 °C, were exposed to a series of standardized shock intensities 
over many intervals. After shocking, egg mortality and normal embryo development were 
monitored. The lethal drop heights causing 50% and 10% mortality (i.e. LD50 and LD 10) were 
determined and compared to Pacific salmon eggs. In addition, LD10 velocities (i.e. the velocity 
reached when eggs are dropped from a height that causes 10% mortality) were calculated to 
assess “safe” levels of exposure to peak particle waves generated by seismic shock events. 
Atlantic salmon egg shock sensitivity falls within the levels reported for Pacific salmon eggs. 
Un-activated Atlantic salmon eggs are the third most sensitive of the species tested. During the 
early phase of embryonic development (i.e. 0 to 60 ATUs), Atlantic salmon eggs are more 
resistant to shock than most other salmon eggs tested. However, during the most sensitive period 
of development (i.e. from 70 to 200 ATUs), Atlantic salmon eggs exhibited the second highest 
shock sensitivity of all the species tested, with a minimum LD10 velocity value of 20.9 cm/sec. 
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Abstract 
 
Atlantic salmon eggs (Salmo salar), from fertilization to hatch, were exposed to controlled levels 
of mechanical shock utilizing a device designed to drop eggs from a maximum height of 1 meter. 
Groups of eggs, incubating at 8 °C, were exposed to a series of standardized shock intensities 
over many intervals. After shocking, egg mortality and normal embryo development were 
monitored. The lethal drop heights causing 50% and 10% mortality (i.e. LD50 and LD 10) were 
determined and compared to Pacific salmon eggs. In addition, LD10 velocities (i.e. the velocity 
reached when eggs are dropped from a height that causes 10% mortality) were calculated to 
assess “safe” levels of exposure to peak particle waves generated by seismic shock events. 
Atlantic salmon egg shock sensitivity falls within the levels reported for Pacific salmon eggs. 
Un-activated Atlantic salmon eggs are the third most sensitive of the species tested. During the 
early phase of embryonic development (i.e. 0 to 60 ATUs), Atlantic salmon eggs are more 
resistant to shock than most other salmon eggs tested. However, during the most sensitive period 
of development (i.e. from 70 to 200 ATUs), Atlantic salmon eggs exhibited the second highest 
shock sensitivity of all the species tested, with a minimum LD10 velocity value of 20.9 cm/sec. 
 
Introduction 
 
During incubation, salmonid eggs are sensitive to mechanical shock (vibration, tumbling, 
pouring, and handling). The level of shock sensitivity increases to a maximum during yolk 
overgrowth or epiboly, followed by a decrease in shock sensitivity after yolk plug closure. By 
the eyed stage (i.e. visible well-pigmented eye in the embryo) the eggs are fairly resistant to 
shock, and thus can be handled to allow dead egg removal for fungus control and for inventory 
enumeration. 
 
Shock sensitivity relationships have been determined for chinook (Oncorhynchus tshawytscha), 
chum (O. keta), coho (O. kisutch), pink (O. gorbuscha), sockeye (O. nerka), and rainbow or 
steelhead trout (O. mykiss), by Jensen and Alderdice (1983, 1989). The same techniques and 
equipment used by Jensen and Alderdice (1983, 1989) were used to determine Atlantic salmon 
(Salmo salar) egg shock sensitivity relationships. It is hoped that this research will improve our 
understanding of mechanical shock sensitivity of Atlantic salmon eggs and that our findings will 
be of assistance to fish culturists. 



Materials and methods 
 
Mechanical shock device 
 
A device described by Jensen and Alderdice (1983, 1989) was used to drop 30 to 50 eggs up to 
100 cm to determine shock sensitivity (Fig. 1). A sample of eggs drained of water was placed in 
a 60 mm petri dish, which was then placed in the carrier and dropped (Fig. 2). The eggs were 
removed from the carrier (Fig. 3) and placed in a Plexiglas compartment of a vertical flow 
incubation tray (Heath Techna Inc.)(Fig. 4). All tests were conducted at the Rosewall Creek 
hatchery (central Vancouver Island); a Salmon Enhancement facility noted for a good ground 
water supply and constant water temperature. 

 
Figure 1 Mechanical shock device for salmonid eggs (from Jensen and Alderdice, 1983).  a: handle for raising 
carrier; b: metal carrier; c: slot for petri dish in position; d: release trigger; e: release platform; f: slot for adjustment 
of release platform height; g: stage frame; h: metal guide wires; i: 100-cm scale; j: base plate.  Inset: showing guide 
wire passing through Teflon sleeve. 



 
Figure 2.  Ready to Drop. 

 
Figure 3.  After drop. 

 
Figure 4.  Eggs placed into divided Heath Tray. 



Water Temperature Measurement 
 
Water temperature was measured and logged every 15 minutes by an Onset TidbiT portable 
temperature logger which was placed in the top of the vertical flow incubation stack. The daily 
average water temperature, in C˚, was summed over the length of the experiment to get 
accumulated temperature units (ATUs; C°-days). 
 
Shock sensitivity 
 
Gametes for the test came from Pan Fish broodstock site at Glacial Bay in Jervis Inlet on the 
Sunshine Coast. They were kept separate and cool (3 °C) until fertilized 4-8 hours after 
collection. The eggs and sperm from 5 females and 5 males were pooled. The eggs were 
activated and incubated in 8 C at Rosewall Creek Hatchery. Water activation times for the initial 
shock tests up to 4 hours were staggered to ensure that each shock test, including each replicate, 
was conducted at the same exact time post-activation. For shock tests performed for durations 
longer than 4 hours post-activation, eggs and sperm were placed into two Heath trays, from 
which eggs were gently removed for shock tests for the remainder of the egg incubation period. 
A test of fertilized but un-activated “green” eggs was also included. 
 
For control samples (i.e. to account for any mortality occurring from the procedures required to 
move eggs to and from the incubator tray and the shock device), the eggs were placed in the 
carrier, but not dropped. For the shock samples, five drop heights were used at each time interval 
(5-100 cm).  In 2002, 2 replicates were used for both controls and test drop heights, while in 
2003, 5 replicates were used for controls and 3 replicates for test drop heights.  The control and 
test eggs were placed in divided heath trays, with a flow of 10 lpm.  In the first year of tests, eggs 
were fertilized on Nov 19, 2002 and monitored until March 20, 2003 at an average temperature 
of 8.06 oC.  In the following year fertilization occurred on November 25, 2003 and eggs were 
monitored until March 22, 2004 at an average temperature of 8.4 oC  
 
Because of problems with egg fertilization in 2002, and hence large variation in mortality among 
control and shock tests, only the data beginning at 70 ATU (8 to 30, 40, 50, 51, 55, 56 days) 
were used to determine LD50s.  In 2003, the first 7 days of the experiment (i.e. post-activation 
times of 5, 10, 15, 30 minute, 1, 2, 4, 8, 12, 24 hour, 2-7 day) were re-tested. 
 
Probit analyses was used to generate LD50s (Jensen and Alderdice 1983) for mortality data from 
fertilization to 300 ATUs. LD10s (i.e. drop height causing 10% mortality) were calculated from 
the probit slopes and y-intercepts. The LD10s were used to determine the corresponding final 
velocity reached by the eggs (i.e. LD10 velocity) (Jensen 2003). 
 
A curve fitting program (TableCurve 2D by Systat Software Inc.) was used to fit a log-linear 
relation between y (LD50cm) and x (ATU): y = a+blnx for the first 60 ATU. After 70 ATU a 
parabola: (y = a + bx+cx2) was fitted to the data. The latter model was used to determine the 
point of minimum drop height or maximum sensitivity (Jensen 2003) for the developing eggs. 
 
Results 
 



Shock sensitivity data from two years (2002/03 and 2003/04) was pooled to calculate LD50 as a 
function of time (Table 1, Fig. 5 and Fig. 6). Fertilized but un-activated eggs (i.e. not placed in 
water “green” egg) were more sensitive to shock (LD50 = 60.6 cm) than fertilized eggs that had 
been water activated for 5 minutes (LD50 = 97.0 cm).   
 

Species LD50  
(cm) 

95% CL - 95% CL + 

Atlantic 
salmon 60.6 56.5 64.9 

Table 1.  LD50 (drop height; cm) and lower and upper 95 confidence limits (95% CL) for fertilized, un-activated 
Atlantic salmon eggs. 
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Figure 5.  Atlantic salmon egg LD50 log-linear shock sensitivity curve (solid line) and lower (dashed line) and 
upper (dotted line) 95% confidence limits from 0 to 60 ATUs at 8.2 °C. 

Over the first week of development (60 ATUs or approximately 7.3 days at 8.2 oC), shock 
sensitivity steadily increased (i.e. LD50 decreased). The linear relationship is as follows 
 
Y = 63.9396 - 9.6211LnX       R2 = 0.8893; n=16 
 
where Y = LD50 (cm) and X = ATUs (°C-days). 
 
The un-activated group (LD50 = 60.6 cm) is indicated in Fig. 5 as “Green egg” and was not 
included in this relationship. 
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Figure 6.  Atlantic salmon egg LD50 (cm) parabolic shock sensitivity curve from 70 to 200 ATUs (°C-days). 

Figure 6 illustrates the parabolic relationship between 70 and 200 ATUs (approximately 8.5 d 
and 24.4 d at 8.2 oC) and the equation is as follows 
 
Y = 287.2690 - 4.5453X + 0.0183 X2      R2 = 0.8893; n=16
 
where Y = LD50 (cm) and X = ATUs (°C-days). 
 
At the time of minimum LD50 or maximum sensitivity, the above relationship predicts that 50% 
mortality occurs if the eggs are dropped 5.6 cm; this corresponds to a velocity at impact of 104.8 
cm/s. A similar analysis of LD10 as a function of ATU showed that the minimum LD10 
occurred at 128 ATU at a drop height of 0.22 cm. This corresponds to a velocity at impact of 
20.8 cm/s. 
 



Discussion 
The results allow comparison of the shock sensitivity of Atlantic salmon and Pacific salmon eggs 
(Jensen and Alderdice 1989).  For fertilized un-activated eggs Atlantic salmon egg sensitivity 
falls between coho and chinook salmon (Table 2 and Fig. 7). This comparison indicates that un-
activated Atlantic salmon eggs are among the most sensitive species of those tested and should 
be handled very gently prior to fertilization and activation with water. 
 

Species LD50  
(cm) 

95% CL - 95% CL + 

Chum 35.5 29.0 43.5 
Coho 54.2 47.2 62.1 

Atlantic salmon 60.6 56.5 64.9 
Chinook 78.5 71.4 87.1 

Steelhead 89.2 74.1 107.3 
Sockeye 106.2 76.6 149.9 

Pink  112.0 47.1 129.2 

Table 2  Un-activated salmon egg LD50s (cm) and 95% confidence limits (95% CL). 
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Figure 7.  Comparison of LD50s (cm) between Pacific and Atlantic salmon un-activated eggs. 

During early development (up to 60 ATUs), all species (note the models for the Pacific salmon 
species were newly generated, with time periods [i.e. ATUs] indicated and no exclusion of 
outliers, from the same raw data used by Jensen and Alderdice 1989) show a steady increase in 
sensitivity, indicated by a linear decrease in LD50 as a function of the log of ATU.  Model 
coefficients for the different species are shown in Table 3 and predicted LD50 values are plotted 
in Figs. 8 and 9. 



 

Species Model type Model coefficients 
Time 

period n R2

  a b c ATUs   
Chinook y=a+blnx 89.4382 -22.0048  0 - 50 14 0.874338

 y=a+bx+cx2 198.3172 -3.9866 0.0175 50 - 230 14 0.780007
Chum y=a+blnx 56.8127 -10.5833  0 - 40 13 0.529776

 y=a+bx+cx2 72.5059 -1.3262 0.0061 60 - 240 20 0.971673
Coho y=a+blnx 36.9368 -10.5855  0 - 50 16 0.686024

 y=a+bx+cx2 117.5622 -2.4077 0.0114 50 - 180 5 0.895060
Pink  y=a+blnx 55.3994 -16.2661  0 - 30  13 0.762435

 y=a+bx+cx2 77.1386 -1.5710 0.0093 30 - 190 17 0.809475
Sockeye y=a+blnx 90.0410 -18.9923  0 - 50 16 0.733368

 y=a+bx+cx2 144.0172 -2.6759 0.0134 50 - 200 16 0.915053
Steelhead y=a+blnx 40.5516 -10.2118  0 - 40  15 0.664983

 y=a+bx+cx2 94.7830 -2.5010 0.0159 40 - 150 12 0.867079
Atlantic salmon y=a+blnx 63.9363 -9.6211  0 - 60 16 0.889292

 y=a+bx+cx2 287.2690 -4.5453 0.0183 70 - 200 16 0.936795

Table 3.  Shock sensitivity models for Pacific and Atlantic salmon eggs.  Y represents LD50 (cm) and X represents 
ATUs (°C-days). 
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Figure 8.  Predicted LD50 log-linear curves for salmon eggs from 0 to 70 ATUs. 
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Figure 9.  Predict LD50 parabolic curves for salmon 30 to 250 ATUs. 

The minima (i.e. point of maximum egg shock sensitivity) were determined for Pacific and 
Atlantic salmon eggs (Table 4) from the parabolic equations (Table 3). 
 

Species Minimum 
LD50 (cm) ATUs (C°-days) 

Chinook -28.60 113.84 
Chum 0.54 108.53 
Coho -9.57 105.61 
Pink  10.88 84.35 

Sockeye 10.79 99.58 
Steelhead -3.53 78.62 

Atlantic salmon 5.49 123.99 

Table 4.  Minimum LD50s (cm) for salmon eggs.  Note, the negative values for chinook, coho, and steelhead 
indicate that these species are extremely sensitive at this time of development. 

 
A comparison of minimum LD10 velocities (i.e. the most shock-sensitive stage determined from 
LD10 and calculated in cm/sec) for Pacific salmon eggs (Jensen 2003) and Atlantic salmon eggs 
is shown in Table 5. 



 

Species 

Minimum 
LD10 

Velocity 
(cm/sec) 

ATUs (C°-days) 

Chinook 14.6 110.8 
Chum 41.6 99.8 
Coho 23.1 94.7 
Pink  62.3 87.8 

Sockeye 83.8 90.6 
Steelhead 33.2 78.3 

Atlantic salmon 20.9 128.0 

Table 5.  Minimum LD10 velocity (cm/sec) for Pacific and Atlantic salmon eggs. 

From Table 5, it is apparent that Atlantic salmon are the second most sensitive species tested.  
Yet this still is 16 times the peak particle velocity of 1.3 cm/sec recommended by Wright and 
Hopky (1998) as a safe criterion for seismic shock. 
 
In summary, Atlantic salmon egg shock sensitivity falls within the levels reported for Pacific 
salmon eggs (Jensen and Alderdice 1983 and 1989, Jensen 2003).  Un-activated Atlantic salmon 
eggs are the third most sensitive of those species tested (Table 2 and Fig. 7).  During the early 
phase of embryonic development (i.e. 0 to 60 ATUs), Atlantic salmon eggs appear to be more 
resistant to shock than most other salmon eggs tested (Table 3, Fig. 8).  Finally, during the most 
sensitive period of development (i.e. from 70 to 200 ATUs) Atlantic salmon eggs exhibited the 
second highest shock sensitivity with a minimum LD10 velocity value of 20.9 cm/sec (Table 5). 
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Manchester Seawater Supply System. 
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Abstract: 
Located on Clam Bay in Puget Sound, the Manchester Research Station has access to 
excellent quality seawater. Seawater  temperatures range from 7 - 13◦C and the average 
salinity is 29ppt. Both conditions are ideal for salmonid culture. However, due to 
naturally-occurring pathogens and toxic algae blooms, all seawater utilized for ESA-
listed captive broodstocks is pumped, filtered, and treated with ultraviolet (UV) lights. 
This process minimizes the risk of water-borne pathogens in Puget Sound reaching the 
fish rearing tanks onshore. Total treated seawater capacity is currently 4542 liters per 
minute (1200 gallons per minute).  
This poster provides an overview of the processing technology used and the results 
obtained from this unique and innovative seawater treatment system. 
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